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VARIATIONS IN THE VELOCITY OF 
CRANK SHAFTS. 


Some time ago, in two articles on ‘Steam Economy 
in pes Engines,”* we described the application 
of graphic methods to the solution of some kinetic 
problems connected with direct-acting non-rotative 
engines. We propose now to point out how a similar 
method of solution may be applied to somewhatmore 
complicated problems connected with rotative en- 
gines. The problem we shall take first will be the 
determination of the alterations in the velocity of 
the crankshaft due to what we may call the in- 
stantaneous inequalities of effort and resistance. If 
at the beginning and the end of any period, a revo- 
lution or a minute for instance, the velocity of the 
shaft be the same, it must have received during that 
time precisely the amount of energy which has been 
required to overcome all the resistances to its motion, 
neither its own ‘actual energy” nor that of the ma- 
chine has been increased. For our present purposes 
we may, without sensible error, make the assump- 
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vents the opposite error, which occurs often enough. 
Unsati , a8 every method must be-which is 
superficial in itself, and does not give in its employ- 
ment an insight into its own real source and-mean- 
ing. On both ‘grounds, ‘therefore, it:is very much 
to be desired that some method should ‘be 
for treating the matter, which shall be-as scienti- 
fically accurate as the algebraical ore, but less com- 
plex, and more adapted for application to engineer- 
ing purposes, ‘These requirements seem to be met 
by a graphic method such as -we shall describe, The 
method is only one among several which might be, 
and very probably have actually been, employed. 
Two principal problems have to be solved, first to 
find the variations of s in an ae engine 
with given flywheel and indicator card, and second 
to find the size of the flywheel required for a pro- 
posed engine with given maximum and minimum 
velocities, or given mean velocity, The second 
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tion that this kinetic equilibrium occurs at the end 
of every stroke, or semi-revolution, But at most of 
the intermediate points of the stroke the effort and 
resistance are unequal. If the former be greater 
the velocity of the machine is being accelerated, and 
its actual energy therefore increased, if the latter be 
greater the machine is undergoing retardation, and 
its actual energy is being diminished. 

These instantaneous variations of velocity always 
oceur, and occur unavoidably, in steam engines 
driving a shaft in the usual way. Whether or not 
they are detrimental must depend upon their magni- 
tude and upon the nature of the work to be done. 
The calculation of them by algebraical methods with 
reasonable exactness, especially where, as in ordi- 
nary engines, the magnitude of the effort is repre- 
sented by the irre outline ofan indicator card, 
is a matter which, while if does net present any 
mathematical difficulties, is yet sufficiently trouble- 
some and complex to make it quite unsuitable for 
practical purposes. We believe we may say with 
truth that in the immense majority of cases no such 
calculation is made at all. ‘To equalise the velocity 
the flywheel is simply made “ heavy enough” (a 
kind of ‘‘ rough-guess-and-divide-by-two” mathod), 
or proportioned by some “rule” which may or may 
not (too often the latter) be accurate in its sub- 
stance and intelligible to its user. 

There is no difficulty, certainly, in preventing by 
this means injurious fluctuations of speed ; this re- 
sult is, of course, constantly attained, But it must 
be admitted that the method is altogether uncertain 





* ENGINEERING, vol. xx., pp. 371 and 409. 
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problem is far the more important; it will be more 
convenient, however, to start with the first, which 
we shall therefore do. 

The computation of the crank-pin effort is the first 
step. We have in every case an indicator diagram, 
actual or assumed, to start with, and this shows us 
what we may call the piston effort for every instant 
during the stroke, A portion of this effort is + 
in overcoming the friction of the piston and of the 
guide blocks, &c., so that it is not a// transmitted 
through the connecting rod.’ The manner, also, in 
which the net effort is transmitted, or what we may 
call the distribution of'the effort, is not that shown 
by thecard, The acceleration of the reciprocating 
parts makes the actual less than the indicated effort 
~ the er ee ope of nt mee and ott retar- 

tion es it correspondi greater at its con- 
clusion; It must’ not “be~ Fowles ; too, that the 
ordinates of the indicator card do not necessarily 
show the actual forward pressures on the piston at 
each instant, this must measured between the 
upper line of one card and the lower (return) line 
of the card taken simultaneously from the other 
end of the cylinder... While this not, of course, 
affect the total effort, yet, in cases especially where 
much compression is used, it greatly affects its dis- 
tribution. Seine weal 

We may take another opportunity of returning to 
this question of the reduction and alteration of 
piston effort. For the present let: us 
we have in a dc de (Fig. 1) a bry for whose ordi- 
Ne oe rapereatadns 
net forward effort transmitted from the cross 
the connecting red of the engine we wish to par te 





, it by no ‘means pré- | ha 


ength in order to simp 

out of consideration for the present the effect 
its obliquity. On this assumption, and neglecting 
also the ‘* counter-efficiency” of th 


uire 
Sebereen the crank and ‘this 

i tama crank-pin effort, This can most easily 

one, 

Let @12.:..¢ represent the path of the crank. 
pin divided into any convenient number of parts. 
Ordinatés to the curve drawn through each of these 
give us the corresponding f: efforts at the 
crank pin, thus, g isthe forward effort when thecrank 
is at 2 and the piston at g, &c. To find the éan- 
gential effort at 2 this has to, be reduced in the ratio 


(or sin, / g 0 9) for which purpose it is only 


necessary to set off a distance oi=5, 9 along o 2 and 
measure 4&, which represents the "Sort required. 
Having found the tangential efforts in this way the 
nextstepis to represent them inthe form of an energy 
diagram. This.can be done by drawing mn*=ae 


x ; the distance described by the crank-pin in half 


a revolution, dividing it at 1’ 2' 3', &c., into parts 
corresponding to the divisions of the semicircle, and 
placing at each of these an ordinate correspondin 
to the tangential effort already found, as 2/ /=; 
at 2', &c. Joining the ends of these ordinates ‘we 
get the curve m/ pz, representing the mode in which 
the crank-pin effort varies during the stroke. 

The area enclozed under this curve is obviously 
the same as that of the diagram 4 dcd e¢, for the 
two represent the same quantities of energy. There 
are two differences between them, however, the 
distribution of the effort and the magnitude of the 
mean effort. e former is sufficiently shown by the 
form of the curves. The mean effort must obviously 
be less than the mean crosshead effort in just the 
same ratio that the space through which it is exerted 


is greater; in the ratio, that is, of 1: —. The 


height a i represents the mean crosshead effort, and 
mq the mean tangential effort, and the correspond- 
ing sectansion 6 je: s0tua te 5 
he mean resistance at the pin must of 
course be equal to the mean effort, but the cases in 
which the instantaneous variations of the resistance 
are known are comparatively few. In the majorit 
of cases, however, thesé variations are very small. 
In most factories, for example, although not in all, 
the resistance varies very little in the course of each 
revolution. Every now and then when a heavy 
machine is thrown into or out of gear a considerable 
yariation occurs, but so soon as the change has 
taken place the resistance (inereased or decreased 
as the case may be) again becomes sensibly uniform 
and continues s0. Inthe case, therefore, of ordi- 


that | nary factory working we may, without ‘sensible 


error, assume the tangential crank-pin resistance to 
* The position chosen for m n is a matter of convenience 


vee Pi i on a ¢, a8 we have done, 
8 facilitates . 
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be uniform. It will, therefore, be represented in | not represent /ota/ resistances or efforts, but only ) sponding to the cutter following over the model as 
our figure ordinates of the rectangle mqx, | their magnitude per unit of cylinder area, The rect- | in carving or other copying , 
which (as we have seen) is equal in area to the | angle ro ws therefore stands really for the work of| | oe or stamps shown are operated by gear- 
diagrams of effort. In cases w any of | acceleration per unit of cylinder area. ing this | ing ix of direct steam, and it is not difficult to 
resistance of known —— oceurs, the conse- | in mind, and using a for the area of the cylinder, we | imagine some advantages for the plan. Steam drops 
quent alteration of vel can be as easily found | can now say: or stamps are of course a morerecent invention, and 
as in the case dla toon It will, however, Zw. ry sy, 2) no doubt ss some advantages over the older 
depend upon the instant at which the change ute Coumens forms of machines of this kind when belts, screws, 


lace, and upon the tt of the governor 
rm pe Pp SL 
place at the end of the stroke, or whether the altera- 
tion of velocity lasts during several strokes before 
equilibrium occurs, 

Comparing now the di main and mr psn, 
we see that at the begi of the stroke until the 
crank-pin has travelled the distance qr, the resist- 
ance exceeds the effort. The machine is, therefore, 
kept in motion at the expense of some of its actual 
energy, and its velocity decreases. At r the re- 
sistance and effort are for an instant equal, for that 
instant, therefore, the velocity is uniform. As the 
crank moves on the effort becomes greatly in excess 
of the resistance, and remains in excess until the 
point sis reached. The actual energy of the ma- 
chine is increased by an amount represented by 
rp s, and its motion is accelerated. At ¢ again for 
an instant the velocity is uniform, the resistance 
and effort being equal. From s to the end of the 
stroke the effort is less than the resistance, and we 
have again a decrease of speed and of actual energy, 
which continues past ¢ until the point in the return 
stroke corresponding to r is reached. The area 
r ps represents work of acceleration, and the uniform 
speed at sis the maximum speed of the crank-pin, 

e areas sin andqrm together represent energy 
restored during retardation, and their sum is 
torps; the uniform velocity at r, at the end of 
the retardation, is the minimum velocity of the crank 


pin. 

It must here be noticed that while the whole dia- 
m pn» moust necessarily be equal to the original 
iagram abcde, it by no means follows that the 
fluctuation of energy should be the same in both 
cases, that is, that rps should be equal to ib c/. 
The former indeed must always be the greater if the 
crank-pin resistance be uniform. This will be per- 
haps more easily understood by remembering that 
in the limiting case where an engine is working non- 
expansively; and where therefore the cylinder effort 
is constant, the crank-pin effort will still be variable 
(in the case before us it would be represented by a 
curve of sines of which mp is a portion), and will 
alternately fall below and exceed the mean resist- 
ance, causing a corresponding fluctuation of energy, 
and alternate retardation and acceleration of the 

crankshaft. 

The determination of the maximum and minimum 
velocities, which we may call p, and v, respectively, 
has now to be made. The first step in the process 
is the finding of a rectangle rv ws equal in area to 
rps. The height r v can be determined by any of 
the ordinary methods for finding the mean breadth 
of such a fi asrps. The rectangle rows then 
represents the,work of acceleration between , and 
v,. We know that to accelerate any weight W 

s 
W (u'—*")foot-pounds 
of energy. But in this case we hve to substitute 
for W what Prof, Rankine aptly called the reduced 
inertia of the machine. For the acceleration named 
(from », too ), is that only ef bodies whose velo- 
cities are the same at every instant as that of the 
crank-pin, while of the bodies actually accelerated 
some have a smaller and some a greater velocity. 
If w be the weight of any such body, and « the 
ratio of its velocity to that of the crank-pin, then 
when the latter is accelerated from », to », , its 
velocity willincrease from » v, to xv ,and the work 


done in accelerating it will be ee — v,*) pe 
I 


from v, to v, would require 


2/» 2» * 
en Co). The quantity w n: is the weight of a 
body which, if moving at the same velocity as the 
crank pin, would absorb as much energy during a 

iven acceleration as is actually absor by the 
y w moving » times® as fast as the crank-pin. It 
represents therefore the inertia of that body reduced 
to the driving — (crank-pin), or shortly its re- 
duced inertia. this be found for all bodies moved 
by the machine, we have for the reduced inertia of 
the whole machine the sum of the reduced inertia 
of all its parts, Swan’. Further, our diagrams do 


* Of course n may be greater or less than unity. 











2 ; 
from which expression we have to find », and », . 
(To be continued). 





MACHINE TOOLS AT THE PHILA- 
DELPHIA EXHIBITION.—No. IV. 

Tae want of novelty in the Machinery Hall, 
before alluded to, is in some measure compensated 
by the Government having brought from Spring- 
field, and erected here, quite a number of their 
special tools for the manufacture of small arms and 
ammunition. The machines are erected in the 
Governmental Department, where they are kept at 
work and excite considerable interest. 

In respect to these machines a few points can be 
noted. One feature which will attract the atten- 
tion of engineers is the extreme lightness of pro- 
portions, especially of the moving details, The press 
machines ne ty in raising copper capsules for 
cartridges are by no means so heavy as those at 
Woolwich for making percussion caps, an article 
not one-tenth part as large, and requiring force 
only in the same proportion. That the machines 
here are strong enough for their work is proved by 
their su use, although a mean between the 
American and English machines in respect to weight 
would no doubt come nearest to filling the true re- 


ual | quirements. In all machinery of this kind havin 


positive movements, there must be a margin o 
strength allowed which depends upon the skill 
exercised by attendants. An armoury long estab- 
lished, and where the best skill only is employed, 

its paapesieene for many machine tools which 
would be wholly wrong in other cases. 

The manufacture of cartridges has long been 
extensively carried on in America, both by private 
firms and the Government, {and is one which is 
conducted with great skill and success. The ma- 
chinery shown by the Government is not, however, 
the most improved of its kind, the purpose being to 
exhibit the processes of manufacture instead of the 
tools and implements employed. Some of the more 
recently fitted armouries, we are informed, have 
better machines. A firm in Stockholm, Sweden, 
exhibit a well-fitted set of machines for the manu- 
facture of ammunition, the proportions and arrange- 
ment of which indicate that American precedents 
have been carefully studied. 

The wood-working or tock-making tools, 
shown in the Government Department, include a 
lathe for turning irregular forms, and what is called 
a “‘lock setting machine,” neither of these varying 
much from those constructed twenty or more years 
ago, a fact which it is fair to construe as evidence 
that the machines were very carefully schemed 
when first designed. The ing machine for 
cutting out the seats for locks is, as we believe, 
one of the most ingenious and efficient which has ever 
been invented. revolving frame, as shown in the 

i , Fig. 1, carries a number of spindles, fitted 
with various kinds of tools of a diameter and form 
suitable to cut away the wood where the locks are 
fitted into the stocks. These spindles are brought 
successively to a working position at the front of 
the machine, when a single belt is shifted from a 
loose pulley to one on the spindle. In this way the 
spindles are in motion only while actually working, 
avoiding unnecessary care and wear of the bearings. 
The diagram, Fig. 1, shows a plan of this arrange- 





ment for stopping and starting; ¢ is the driving 
pulley, a is a loose pulley supported from above 
on a bracket not shown, and ¢ the pulleys on the 
the spindles, either of which can be brought beneath 
a, and the belt » shifted when the spindle is in use. 
The tools are guided by metallic models correspond- 
ing to the recesses to be cut; a tracing pin corre- 


or step lifters were employed to raise the hammers, 
but as gear machines are now made all perishable or 
complicated details are avoided. The oe 
Fig. 2 illustrates the method of raising and re- 
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leasing the drop. A is the main frame, with a part 
cut away to show the hammer; a is a plain strip of 
wood an inch or less in thickness, and from 3 in. to 
8 in, wide as the weight to be raised may require ; 
ee are two rollers which run continuously. The 
bearings of one of these rollers are formed in eccen- 
tric shells as shown ate. The rod d is attached to 
a treadle, so that a slight pressure of the foot brings 
the rollers nearer together, so as to clamp the strip 
of wood a, and raise the drop or hammer m; on 
releasing the treadle the pressure on the strip ceases, 
and the drop falls without impediment. The diagram 
is merely to illustrate the principle of operating, 
and without any reference to the proportions of the 
machines. A feature of this arrangement, one of 
considerable importance, is in avoiding metallic 
connexions or details, which if attached to the drops 
are always liable to break by reason of jar or crys- 
tallisation. 

In the Government Department, where the Spring- 
field machine tools are shown, the pulleys on the line 
shafts are of wood, a matter that will no doubt cause 
surprise to many who have not before seen wooden 
drums employed for such purposes. A drum of wood 
is however far from being so crude an appliance as 
many suppose; in the present case they are in halves, 
held together by screws which are reached by box 
keys inserted in the face of the drums; an iron centre 
frame is employed, but with such proportions that 
the complete drum is but little more than half the 
weight that a commoniron pulley of equal size would 
be, The wood clothing covers the ends as well as 
the face, so that the whole exterior is smooth and 
the ap ce neat. An iron split pulley, with lugs 
at the and rim, is not a thin of. true symmetry, 
and in a practical sense would have no advantage 
over those wooden drums which, as now remembered, 
are employed throughout the Hill Armouryat Spring- 
field as first movers for the machines. 

It is now proposed to follow through some of the 
peculiar features of machine tools for iron and wood 
shown in the Exhibition, and perhaps in some cases 
refer to things not included in the exhibits, but of 
— practice in the Tg In doing = 

requent comparisons wi uro tice wi 
have to be sais order to pase all gfe) 
more intelligible to our readers, and we particularly 
desire that such comparisons shall not be understood 
as di ment either way, but employed to assist 
in explaining the subject. 
PLANING MACHINES FOR METAL. 
In machines of this class there are several points 








of difference from European practice, and in most 
cases with obvious advantages in favour of the 
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TWEDDELL’S HYDRAULIC RIVETTING PLANT AT THE ARSENAL AT INDRET. 
(For Description, see Page 5.) 
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American plans. These features can be named as 
follows :— 

1. The employment of two driving belts, one for 
the forward and the other for the back movement. 

2. Frictional or other devices for actuating the 
feed, independent of the tappets on the carriage, 
which are employed to shift the belts only. 

8. Narrow driving belts moving at a high speed 
to facilitate shifting or removing the carriage move- 
ment. 

4. The arrangement of the gearing in machines 
having what is called rack movement, so that a large 
wheel instead of a small pinion is employed as a last 
mover. 


These, with several other points of less importance, 


will be noticed as features deserving attention from 
European engineers and tool-makers. Except the 
planing machines of Messrs. William Sellers and Co., 
nearly all made in the United States have the rack 
movement, With the improvement in gearing and 
in tools for cutting teeth, there has been an aban- 
donment of screws, chains, and cranks, so that at 
this time the machines of Messrs. Sellers before 
referred to stand almost alone in representing the 
sliding or inclined mode of driving, if the method 
they employ can be so called. 

In er’s machines driven by tangent gearing, 
or in machines driven by screws, the amount of 
friction and the wear of the driving were ob- 
jections, compensated, however, it was once thought, 

y the smoother and steadier movement secured 
by these plans, In Messrs. Sellers and Co.’s ma- 
chines the departure from spur gearing seems to be 
just enough to avoid the elasticity of cross shafts, 
without adopting the objectionable features of the 
sliding or inclined plane principle. 
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Of the working qualities of these machines nothi 
need be said; they are well known, and have with- 
stood the test of a long and successful experience in 
many countries. It may be remarked, however, 
that the method of gearing is but one among many 
improvements of which Messrs. Sellers and Co.'s 
planing machines are typical. 

As before remarked, nearly all makers of planing 
machines employ the rack and pinion movement, 
but with many improvements on the plans of twenty 

ears ago. The gearing, and indeed all parts, have 
n increased in strength, and the racks and all 
wheels are in most cases engine cut. In to this 
latter it must, however, remem that the 
uantity of ing required when a machine is 
iven with two belts is much less than when wheels 
are employed to produce the difference in 
between the forward and backward motions. 
being a noisy, jarring machine, that kept up a din of 
rattling wheels, screeching belts, and knocking 
tappets, the rack planing machine has in America 
become a quiet, noiseless implement, doing its work 
— ease, and attracting no more attention than a 
e. 

To proceed in the order of the points at first named, 
the employment of two belts instead of one seems a 
thoroughly plan, because the extra belt for 
running driven at double the speed of the one 
for women takes the place of what may be called the 
differential gearing which has to be omer on 
single belt machines. The difference in the speed of 
movement is attained by pulleys of different diameter 
on the counter so that the same pulleys and 
wheels on the machine answer for the forward and 

movement, 

In this way the amount of detail is greatly re- 


rom 





duced ; the weight of the reversible gearing is much 
less, and as belts are substituted for wheels, there is 
an absence of that noise and jar which is common to 
most machines operated with one belt. With two 
belts the distance they have to be moved in shifting 
is only one-half as much as for a single one, that is, 
with one belt a loose pulley must be introduced 
between the two driving ones, so that the belt will 
not lock the machine by being y on both 
pulleys at the same time. In the case of two belts, 
they are not shifted simultaneously, but one moved 
before the other, so that intermediate loose pulleys 
are not required. 

This differential shifting movement, and its seem- 
ing complication, has no doubt been one reason 
why European tool-makers have not adopted two 
belts instead of one ; such a movement is however 
not difficult to peta linkg and levers, and even 
if it were, there are other plans of accomplishing 
the same thing, one of which is shown in the dia- 
gram, Fig. 3. In this sketch a is a fast pulley, and c c 
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speed of the belts and the diameter of ew 
may determine, Arranged in this manner the two 
belts can be ‘shifted by’ a‘ common ‘slide :réd;, one: 
leaving the pulley a before the other reaches it, while 
the range of movement is not longer than is required 
when a single oe mosis : 

It will scarcely be worth while to prepare diagrams 
See er es eee 
ing; the effect u y the ent j 
described is ugh the same, except the belts 
must move further, as the space between them 
exceeds the width of the pulley a. One advantage 
of this plan is that the ce between the belts, 
and consequently the time of their engaging and 
disengaging the driving pulley, can be at any time 
adjusted as circumstances may require. 

A planing machine and a shaping machine shown 
at Philadelphia are reversed by means of friction 
clutches, and aside from a liability to wear and de- 
rangement, there seem to be many advantages ed 
by such a plan. The movement of the machine re- 
ferred to is smooth and noiseless, while the reversin 

ring is so accurate that the tools can be stop 
oe hole the diameter of which is the same as the 
width of the tools, On the machines are examples 
of planing grooves one-eighth of an inch or less in 
width, terminating in holes of the same diameter. 

It is a matter of surprise when there have been so 
many attempted applications of frictional reversing 
gearing to other — that there has not been 
more effort expended in arranging the g of 
planing machines in this manner. There have been 
some attempts, we are aware, but nothing persistent 
enough to reach a success which on general princi- 
ples seems obvious. Grooved metallic friction wheels, 
or friction between metallic surfaces of any kind, 
must always involve risk of derangement and failure, 
but on many American planing machines are seen 
frictional devices for feed movement, usually of wood 
or leather, in contact with polished metal, which 
wear for years and never cause the least trouble. 
As before said, it is strange that the same plan has 
not extended to the reversing gear for driving as 
well as feeding. 

These frictional devices for feeding before named 
as a peculiarity of American planing machines, 
deserve ial notice, There are in use four plans 
of actuating the feeding gear of planing e8 
as eo foe - . ‘ 

1. By tappets on the carriage, the reversing an 
feed seenent being accomplished by the first 
mover; this is the common plan in European 
practice. 

2. By clutches which are engaged and disengaged 
by positive m ism, 

8. Friction clutches which maintain a constant 
torsional strain from right to left throughout the 
stroke of the machine, 

4. Friction clutches which are engaged and dis- 
engaged as soon as the feed movement is per- 
formed, and consume no 7 ort ee acting. 

In respect to a tappet we n y remark 
that in ——— it has nearly disappeared, 
The strain upon the tappets, their liability to slip or 
break when subjected to such strain as is required in 
feedimg, and the inconvenience in operating a ma- 
chine, are considered serious objections. In America 
planing machines are ‘“ handled,” as it is termed, 
mainly by means of the shifting gearing, that is, the 
table is stopped and started, moved forward or 
back in setting tools, and so on, -by means of a 
handle operating the belt shifting eyes; the over- 
head t is seldom stopped for any pur- 
es and it is easy to see how inconvenientit would 

to have the feeding gear combined with the shift. 
having tappet feed tytn is often in 
t , & man’s - 

safbehon Po machine without first 


to act in but one direction—that is, by 

the cross movement of the tool, the feed 

would act either on the forward or retur. stroke, 
and could not be The plan of tappet feed- 
ing, as before sta however, has been nearly 
a in — practice, ‘ - 
‘ositive clutches for o; i —- | , while 
they fill the true theoretical o colitions = move- 
ments, must necessarily involye mechanical details 
which are both complicated and sive, and if 
not made with extreme care even of the best and 


# hardest material, such clutches will not long with- 


stand the duty they have to orm. The most 
notable example of clutches of this kind is that em- 
SMr which abtiggs onto ena in te 
Co., which cam be seen in the 
e . 
e 
> . 


oe 


American and British Patent Offices. There is one 
other modification in use on some machines 
inthe United States, butan in would be im- 
possible without diagrams, which the interest of the 
subject does-not warrant us in preparing. 


SHAFTS AND FIiTrTINGs. 


In this department, which can be best classed 
with machine tools, will be found more of interest 
to foreign visitors than in any other department of 
the machinery section. The Americans have long 
been celebrated for the skill displayed in machinery 
for transmitting power, and it is not too much to 

a branch of engineering it has been 

ected and is better understood in the 
eee tates than in any other country in the 
world. 

Fortunately the Exhibition contains full and 
com examples of the best i Novelties, 
which ten or fifteen years ago were met with at 
every turn, have given way to constants both of 

roportion and arrangement which are with but 
ittle deviation followed by each exhibitor of shafts 
and fittings, There are a displays of 
line shafts and fittings which alone will justify a 
visit of Euro visitors interested in this kind of 
manufacture, and if the shafting employed to drive 
the machinery in the Exhibition with the exhibits 
mentioned does not lead to some modification of our 
own clumsy system we can only say that an oppor- 
tunity has been neglected. 

The various points will be discussed in future 
articles, and we at this time will only say that there 
seems to be a constant approach to the system of 
Messrs. William Sellers and Co., who are entitled to 
be considered pioneers in the improvement of shafts 
and their fittings. Symmetry, convenience of erect- 
ing and adjustment, with cheapness of first cost and 
interchange of fittings, have been the points aimed 
at, and certainly except in what seem light pro- 
portions there is little left to be desired. 

The approximation to the Sellers’ system is, as 
before said, apparent throughout, yet there is 
considerable diversity in the couplings and other 
fittings as was pointed out in some articles on 
‘* Line Shafts,” by Mr. J, Richards, published in this 
journal about a year “go (vide pages 397 and 440, 
vol. xix., and page 87, vol, xx.) to which our 
readers may, with advantage, refer in connexion 
with the present remarks, ithout entering upon 
the details of construction, it may be explained that 
the main difference between the American and 
European mode of constructing shafts and fittings 
is that one is a branch of engineering and the other a 
manufacture, 

The American system is thoroughly a manufacture, 
that is, the parts are uniform and interchangeable, 
constructed without reference to a particular 
or duty. The —— couplings employed con- 
stitute the base of the system, and their construction 
is by no means so simple a problem as most would at 
first thought suppose. A coupling which will act in- 
dependently upon each end of the shafts to be 
coupled, maintain the same compressive strain on 

, regardless of slight inequalities of diameter, be 
eapable of withstanding the same torsional strain as 
the shafts connected, and at the same time admit of 
almost instant removal and Bee grcemege has been a 
necessity which has produced scores of inventions 
nearly all'of which have in some ee failed to 
meet the requirements named. eral of these in- 
ventions are explained in the articles just alluded to, 
and és there seem to be no recent improvements, we 


will not reproduce to illustrate American | eq 
i were mentioned as the 
the‘in Al le system. This may not 
at first seem clear, but if we consider that the reason 


er, and why each piece 
must have a particular position, and be connected to 
some other pret ani tatee be seen that the 
whole trouble arises y fitting and match- 
ing the couplings. A shaft provided with flange 
couplin iP such were not in halves 
matched together, co be made interchangeable, 
and the parts assembled from a stock of prepared 


work, but no driven on and held by a wedge 

key, which is 2, Ned mv oh Hen 

i i iced or ab after fitting, hence 
e 


is to 


together, a plan hardly to 


however, but little use in fol- 


The advantages are so many, 
every one must wonder that 





ae has not extended to every country before 
is time, 

' 'The only objections that have been offered to ad- 
justable en far as we know, are that they 
are less strong solid sleeves or flange couplings, 
and more expensive; both of these opinions we 
think wrong, use couplings on the plan of those 
constructed by Messrs, W. ers an x 
made of any required, and with special 
tools for boring and fitting, the cost is no more,-or 
even less, than a pair of flanges or a sleeve would 
cost, to say nothing of fitting to the shafts, an item of 
considerable expense after the couplings are finished. 
We may also remark that the duty of line shafts is 
not like that of machines dependent in some degree 
upon local conditions and the variations of —. 
A shaft wherever employed has the same kind of 
work to perform, and what is right in one place is 
right in another, so that successful practice in any 
country is a safe criterion to follow. 

The long lines of shafting in the Exhibition build- 
ing transmitting more than 1000 horse power from a 
central point, and subjected to every kind of severe 
andirregular duty, will show how reliable the fittings 
are, and we very much question whether amongst 
this vast number of couplings, bearings, and ad- 
justable brackets, there will be a minute’s delay by 
derangement during the Exhibition, 





THE EXHIBITION OF SCIENTIFIC 
APPARATUS. 
Puysics (LIGHT.) 

Tuis subject is comprehensive and invested with 
great interest from the considerable number of 
historical instruments exhibited as well as from 
the variety of purposes which its fundamental 

rinciples have been recently made to subserve. 
ere we find those very tubes that were fashioned 
by Newton, Galileo, and Herschell, and with which 
their earnest gaze penetrated the mysteries of the re- 
motest regions; those other tubes—spectroscopes 
smaller in dimension but equally able to sweep the 
ions of interstellar space and to compel the distant 
orbs to disclose the nature of their constitution ; and 
conspicuous ixfer alia, the ingenious devices by which 
human skill has contrived to measure the velocity of 
light itself. 

Itis impossible to pass before such objects with- 
out feeling at least a slight glow of enthusiasm 
which must be coupled with a deep-seated gratitude 
towards those who originated and realised the very 
happy idea of bringing together such an array of in- 
struments to illustrate at once the early dawn, the 
steady progress, and the actual state of optical 
science. 

We shall leave what belongs to astronomy for a 
later article, and shall now endeavour to point 
out and briefly notice a few of the other more im- 
portant instruments forming this collection. 

The exact determination of the velocity of light 
involves, no doubt, considerable experimental diffi- 
culty; but it is also a coefficient of paramount im- 
portance, not only in astronomy and in optics, but 
also in heat and in electricity. We were, therefore, 
glad to see and minutely examine the apparatus, 
viz., that of M. Fizeau, which first. proved that light 
requires a definite interval of time to traverse ter- 
restrial distances. The method employed by this 
accomplished physicist is known in France as that 
of the “‘Roue Dentée,” or toothed wheel. This 
wheel, scarcely > ae in diameter, has 720 teeth on its 
circumference; the width of the teeth is precisely 
ual to that of the s between them. Such a 
piece of apparatus is of itself a marvel of mechanical 


skill. Now a ray of light was received upon a mirror 
inclined at an angle of 45 deg. to the axis of the 
long tube in which it was set, and which may be 
seen below the toothed wheel. The reflected ray 
emerging from this tube was received into another 
similar ne | placed at a second station (Montmartre) 
situated at a distance of 28,334 ft. (54 miles) from the 
first (Suresne). Another small mirror returned thi 
ray to the first tube at the eye-piece of which it 
might be seen, A small portion of the toothed 
a ay now inserted om © few inches’ distance 
rom the eye-piece, an e to rotate rapidly. 
With a certain speed the return ray was just in time 
to emerge through the interval between the teeth ; 
by increasing the velocity of rotation, a rate was 
attained at which the ray was entirely cut off from 
the observer by the teeth of the wheel. 

It was fo that 12.6 revolutions per second 
just caused the extinction of the image ; as there are 
20 teeth on the circumference, and as the ray 
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traversed the same distance to and fro, time 
required to turn through the “ug : tooth 
will evidently be the 5, X ge X 3= iaiag Part of 
asecond. The distance traversed by the light in 
this fraction of a second was 28,334x2 = 56,668 
feet. Hence the velocity per second is 56,668 x 
18,144 ft., oy | 196,000 miles. It is highly pro- 
bable that the o ations on the transit of Venus, 
by which the distance from the earth to the sun will 
be determined with considerable accuracy, will also 
show this determination of the velocity of light to 
be somewhat in excess. This experiment was re- 
ted in 1872 and in 1874 by Professor Cornu, who, 
y the introduction of an ical apparatus to 
register the increasing space of the arts. dispenses 
with the exactly uniform motion required in Fizeau’s 
original method, In the summer of 1874, 508 pai 
of observations were made according to this method, 


the 
a 


the mean of which showed the velocity of light to | Pe 


be 300,400 kilometres (187,000 miles) per second. 
Shortly after Fizeau’s e iment, i.¢., in 1850, 
the same question was carefully studied by Foucault, 
who finally achieved the astonishing feat of measur- 
ing. the velocity of light within a space not exceed- 
ing 14ft; ‘The apparatus used on that memorable 
occasion included a rotating mirror (the invention 
of Sir Charles Wheatstone), an achromatic lens, a 
pair of concave mirrors, a powerful eye-piece, and 
a small unsilvered mirror, all of which are exhibited. 
The speed of the rotating mirror was between 700 
and 800 revolutions per second; the calculated 
velocity of light was 185,000 miles in a second. 
Another instrument of high interest, and which 
is typical of its class, is the polarising apparatus 
known as Spottiswoode’s “‘ Prism Polariscope.” It 
has a clear field of 24 in. ; it was made by Mr. Ladd, 
and as it was the first ever made of such a size its 
construction formed an e in the pro of 
larisation. It was used by Professor 
when exhibiting to our Transatlantic friends the 
wonders of polarised light ; but the greatest wonder 
of all, remarked rather facetiously Mr. Spottiswoode 
in a recent lecture at the Royal Institution, is 
that it found its way back again, so bes seems to 
have been the desire of American physicists to re- 
tain ion of such a valuable piece of apparatus, 
' Close to this are exhibited two large Nicol’s prisms; 
the first, which has a 34in. clear , was made 
by Messrs. Tisley and Spiller, second has a 
field of view 3 in. in diameter. Itis very compact, 
the useless angles of the spar being cut away. It was 
made by Mr. Ahrens for Mr. W. Spottiswoode, to 
whom we are much indebted for the recent advances 
made in the study and demonstration of the pheno- 
mena of polarisation. This difficult but y 
interesting subject is further illustrated by two 
beautiful spheres of Iceland spar, exhibited by Mr. 
Spottiswoode. One of these is 2} in, in diameter, 
and was made by Mr. W. Ladd; the other is 33 in. 
in diameter, and was made by Mr. Ahrens. The 
latter is said to be the largest which has yet been 
constructed. In another case we find a magnificently 
polished sphere, which after a short inspection 
proves to be of quartz, Its diameter is 34 in., its 
maker A. Hilger, London. There is an endless 
variety of sizes and colours and shapes of prisms 
which contribute to enhance the appearance of the 
collection. Conspicuous among these is the very 
beautiful collection sent by M. Lutz of Paris, which 
comprises rectan prisms in flint and in crown 
glass, rhomboids of spar, bi-refracting spar prisms, 
tourmaline pincettes, prisms of quartz, uranium 
glass, &c. There are two more objects in this case 
that deserve a passing notice. The first, which by 
no means obtrudes itself on the notice of the visitor, 
consists of two twin crystals of Iceland spar, about 
Qin. in thickness; the second is a id of 
the same valuable substance, weighing 31 ]b., and 
ven > ell light is susceptible of polarisati 
eat as well as is ion 
by refraction, and this sub: is somes by 
two specimens of Forbes’ ey consist of 
films of mica fixed in wooden tubes at the polarising 


angle. 
e student of will find ample 
materials for several hours of minute in ion. 


Of the great variety of spectrosco ibited, 
there are three possessed of or interest, 
The first is deservedly called the ‘‘ Rigid Spectro- 
scope.” It was made by Mr. John Browning, 
anee ign of Dr. Balfour Stewart, for Mr. Gassiot, 
The base of the instrument is of thick slate; the tele- 
scopes, and even the framework. of the three 
prisms, are of cast iron, The instrument was con- 


dall 








structed for the purpose of ascertaining whether the 
position of the D lines of the spectrum is affected by 
@ variation in the intensity of gravity. ments 
were made with it from 1866 to 1869 on_board 
H.M.S. Nassau, in a voyage to the South’ Pacific, 
and subsequently at Kew, but the results have not 
yet been published. 

The second spectroscope alluded to above affords 
a striking contrast with that from the Kew Observa- 
tory. It is also of Mr. Browning's construction. It 
was evidently made for the purpose of obtaining a 
great dispersion of the s um. This is attained 
by a train of six vertically-placed refracting prisms 
and two similarly situated totally oper ny 
The ray that enters the slit is thus re back 
and forward four times through the train, so that a 
magnificent dispersion (equal to that of 24 prisms) 
must be ultimately obtained. The instrument is a 
ect specimen of workmanship, well worthy the 
reputation of its maker. The third and last 
scope to which attention might be turned with ee 
is that used by Mr. Norman Lockyer and Mr. W. C. 
Roberts in the Mint Department. Here we have one 
out of the many illustrations of the practical utility 
that may in due course of development be derived 
from a branch which might seem at first to be rele- 
gated to the regions of purescience. The —e 
consists of four prisms, and is somewhat elaborate in 
its details, The coil, battery, electrodes, metal- 
holder, everything is in place, showing the modus 

; carried out in poh, gro on of assaying = 

The subject of practical utility which we have 
just broached may be further illustrated by 
several highly ingenious contrivances which we 
meet as we proceed with our in ion. Among 
these is the late Sir Charles Wheatstone’s polar 
clock. The earlier and the more recent form given 
to the instrument by its fertile inventor are both 
represented. In these advantage is taken of the 
paiatiendl light of thejsky, the intensity of which 
depends upon the angular P rane of the sun with 
respect to the apparatus, By determining the plane 
of polarisation we thereby ascertain the position of 
the sun in the heavens and ipso facto the solar time. 
A polar clock is among the instruments accompany- 
ing the Arctic expedition, 

Solarised light has also received another practical 
application of considerable importance, viz., the 
analysis of saccharine substances. The instruments 
used for this purpose are called saccharimeters and 
are of special value in refining. The strength 
o ‘an cae af baie = Tee Ofiniehed 
ing the plane isation. i) y fini 
em of this kind are exhibited, one by J. H. 

et and the other by M. Laurent of Paris. 

The twin subjects of phosphorescence and fluor- 
escence are represented by one of the finest instru- 
ments that has yet been made for the investigation 
of these phenomena. It is the invention of M. Ed. 
Becquerel and is called his phosphoroscope. It 
consists of two discs rigidly connected with each 
other and provided with four radial apertures, 
those of the one not being opposite to the others 
but midway between them, A very rapid motion 
may be imparted to these discs by means of a train 
of wheels. The body whose phosphorescent pro- 
perties are to be studied is placed between the 
discs, and is thus alternately exposed and concealed 
as the discs rotate. If a beam of solar or electric 
light be allowed to fall upon one side of the appa- 
ratus, then, unless the body be phos nt, it 
will be permanently invisible to an observer placed 
opposite the illuminated side; for when those slits 
which might render the object visible pass between 
him and the body, the light is in . a 
however, the body be visible, this must be owing to 
the emission of rays absorbed while it was 
to the light, and this is what is meant by saying 


that a substance is horescent, The 
mena observed in P rg name are enc 
extreme beauty. Close to the may 
be seen several series of fluorescent liquids, 

As might be expected there is a “array of the 
ight apparatus necessary for the lecture Viz, 
electric and spectral lamps, oxy-h n lanterns, 
lenses, mirrors, &c. One of the finest instruments 


in this collection is a Duboseq’s lantern fitted up 
with twelve appliances, adapting it; for use in 
spectrum analysis, experiments with microscope, 
polariscope, &c, 

There are several other objects of more or less 
scientific and historical interest which will repay a 
passing notice, Among these we may mention & 
fins Nicol’s prism mets by the inventor, William 
Nicol, when in his 80th year; Airy’s polariscope, 


with appliances ir semanas Sao anges Serween 
the axes of biaxal | Sree; Nérremberg’s well- 
known ‘polarising i ; @ fine little appa- 
ratus in the form of a Gothic window, consisting of 
selenite plates of different degress of thickness to 
illustrate the gorgeous colours of double- i 
bodies; a camera obscura said to have belonged to 
Sir Joshua Reynolds; Wollaston’s ee camera 
lucida ; a wave nap ye by Sir Charles Wheatstone 
to illustrate the laws of the interference of polarised 
light; Newton's rings on an 80 millimetre tripod 
stand; one of the earliest stereoscopes made by Sir 
David Brewster ; and lastly the patent kaleidoscope 
of the same philosopher made in 1815. 





TWEDDELL’S HYDRAULIC RIVETTING 
PLANT, 


Our engraving, on page 3, illustrates a very compact 
of Tweddell’s — which has 

been designed by M. Chaudoye, engineer to the French 
arsenal at Indret ; and as the combination of hydraulic 
lifting-gear and rivetting plant shows one of the advantages 
arising from the use of hydraulic pressure for this purpose, 
we think. the illustration will possess interest for our 


The rivetting plant itself is so well known that any de- 
scription here would be superfluous. We may just say, how- 
ever, that the rivetter is capable of putting a dead closing 
pressure of 40 tons‘on the rivet head, and the blow due to the 
fall of the accumulator in addition. The machine has two 


metres and is in every respect similar to those now in 
use in French Government yards on this system. 
The pumps and accumulators are made a little larger than 


usual for this size of machine in order to work the crane, 
which is of the usual construction, being geared 4 to 1 
in the cylinder and 8 tol by and the traveller, 
which carries the boiler, runs upon the top of the same 
gantry which carries the crane, The weight lifted is 12 
tons through 12 ft., and as the class of boilers for which 
such powerful machines are required are seldom more than 
10 ft. long, this is found ample lift. 

The arrangement is very simple, It will be seen that the 
crane handle is close to the rivetting machine starting lever, 
so that the man has control both of the adjusting gear and 
the rivetter, thus insuring neat and accurate work. 

bin a ag near = ge is one of ~se now being 
supplied on Mr. Tweddell’s system by Mr. Chapman, 
of Paris. The wrought-iron quatey he “ary & won 
nent firm of E. Baudets, of Argenteuil, Paris. We of 
add that this gentleman, accompanied by his engineer, M. 
Varlet, has recently been in England, and is himself intro- 
ducing a complete hydraulic machine plant in his new works 





about to be commenced, 

GERMAN AYs.—German cannot be said 
$e to scpeny thes tines gothoaint To April 29 trains ran of 
the rails, and eight collisions also occurred. The number 


i n 
of railway officials and strangers killed during the month 
was 30; but of these, 11 are supposed to have committed 
suicidé.. There were also 49 persons wounded upon German 
railways in April. It is recorded, however, with a certain 
satisfaction, that not a single passenger was killed or 
a upon the German lines during the month in 
question. 
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WATER WORKS, ANCIENT AND MODERN; ROMAN AQUEDUCTS. 


(For Description, see opposite Page). 
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DOUBLE ARCHES OF STONE AND BRICK OF THE, CLAUDIA AQUEDUCT, AT ROMA VECCHIA, FIVE MILES FROM ROME. 


Gas rx Paris.—The revenue of the Parisian Company Vicror1an Water Works.—The Government of Vic- 
for meats of thin mts pina ny in the first five | toria, Australia, proposes to devote 113,000/. to the com- 
of compared with 747,3481. | pletion of the Coli om pay pe Salers Water Works. A further 
of 1875. An increase of 59,0571., sum of 120,000/. o- roposed to be expended upon 

= 7.90 per cent., was thus Mine ectablinbed to May 3ist this year, | works connected with the Yan Yean water supply. 


InDIAN Rattway Viapucts.—The Bom 
and Central India Railway Company has “carne out ad out addi- 
tional works, which were recently sanctioned b a Indian 
Government with a view to the strengthening of the Bassein, 
Keem, and Taptee viaducts. 
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DOUBLE DRUM FRICTIONAL GEAR HOISTING ENGINE AT THE PHILADELPHIA EXHIBITION. 
CONSTRUCTED BY MESSRS. WILLIAMSON BROTHERS, ENGINEERS, PHILADELPHIA, U.S.A. 
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WATER WORKS, ANCIENT AND 
MODERN.,* 
By E. H. p’Avicpor. 
(Continued from page 502, vol. xxi.) 

Ir is impossible to describe the details of the 
construction of the distributing or supply re- 
servoirs within the limits of this paper. I must 
be satisfied with sketching their general arrange- 
ment, and refer those who desire to know more 
to the works of the authorities I have frequently 
had occasion to mention. But from the above 
explanation it will be sufficiently clear, that the 
the water towers or cisterns, which were supplied 
with inferior water, had no private pipes, while 
those fed by Marcia, Claudia, and Virgo, on the 
contrary, contained hardly any others. The con- 
tents of all the large reservoirs or castles taken to- 
gether appear to have been only about 20,000 cubic 
metres or 700,000 cubic feet. There could therefore 
be no question of storage, nor even of regulating 
and balancing the distribution of water. It is evi- 
dent then that the level of the water in the cisterns 
could not really be kept constantly at the theore- 
tical height of 12 in. above the outlet pipes, not- 
withstanding the overflow, and as some houses were 
situated much higher than others, drawing their 
water from the same cisterns, it follows that one 
householder obtained a much more liberal supply 
than another, even though the pipes supplying the 
two houses might be of the same diameter. The 
Roman unity was the guinarius, that is the quantity 
flowing through a pipe of one and a quarter fingers 
diameter under a head of 12in. This is equal to 
420 litres, or about 92 gallons in 24 hours. To 
prevent too great an irregularity in the supply, there 
was a rule that all private pipes were only to have 
the above diameter for a distance of at least ten 
paces from the cistern, Beyond this radius they 
could be enlarged or constructed at the will of the 
householder. Vet the concessions or water-rights 
caused very great injustice and much ill-will, and 
M. Belgrand has calculated that some houses in 
Rome obtained ten times as much water as others. 








* A course of ress delivered at the Austrian Institution 
of Engineers and Architects, December, 1875, and January, 
1876, These papers now appear in print for the first time. 








(For Description see Page 8.) 





lt will be seen by Table I. (see page 502 anée), 
that in the reign of Augustus, when Rome had 
about 350,000 inhabitants within its walls, there 
was a supply of something like 680 gallons 
per head, that is about <<" times as much as 
the valuation for Vienna. ut there were in 
ancient Rome no less than 1352 public fountains, 
591 jet fountains, 19 large fortified —_ or 
barracks, 95 therme or immense public baths, 
and 39 arenas or theatres, all of which were sup- 
lied with a superfluity of constantly flowing water. 
ay, more, by the measurements which Colonel 
Blumensthil, the chief engineer of the new aqueduct 
Pia at Rome, has taken the trouble to make in the 
ancient aqueducts, and by an accurate gauging of 
the springs which supplied them, it appears certain 
that about 400 millions of gallons daily ought to 
have reached Rome, and, therefore, that nearly half 
the total quantity was lost or wasted onits way. I 
do not know what the municipal engineers at 
Vienna would say if the loss in their aqueduct were 
even 5 per cent.; I for one would not to write 
or all y on the subject of the new water works. 
This immense loss arose partly through neglect of 
the necessary repairs in the aqueducts, but still 
more through the water being positively s¢olen. 
For one of the principal favours by which the state 
and the emperors were in the habit of rewarding 
minor services, was b ting concessions for the 
lost water, that is for the water which escaped 
through the overflow of the reservoirs, cisterns, and 
public fountains, or through the defects in the 
aqueducts and mains. The consequence, of course, 
was that every landed proprietor who had obtained 
a concession for the waste water escaping from an 
aqueduct passing through his grounds was anxious 
to increase this waste as much as possible—and from 
this wish to intentional injury was but a step. The 
overseers and slaves in charge were pimp | 
bribed to abstain from repairing damages whic 
bad arisen, or to cause new ones to arise, and 
these abuses reached such a pitch that one aqueduct 
Se ere brought zo water whatever to Rome 
urifig several years, the whole having been wasted, 
or rather abstracted on its way. We must further 
observe, that many aqueducts were erected in order 
to gratify ambition or to obtain popular favour for 








the founder, who did not much care about its bei 
kept in repair after his death, as long as he 
attained his immediate object by constructing it. 
The founders, therefore, never left any money for 
the maintenance of the works; and the city had to 
take charge of them. In the turmoils of the many 
civil wars, and the frequent absence of any con- 
scientious management, the grossest abuses inevit- 
ably arose out of the concessions for waste water, 
and the moneys devoted by the town to the main- 
tenance of the works, And it appears that the 
Ceesars were all of them much more inclined to 
build a new aqueduct than to restore an old one, ‘The 
irregularities of the water supply were still further 
increased by the nature of the mains and distri- 
ais pipes, which, as I have mentioned, were 
mere lead plates soldered into a pear-shaped section, 
incapable of resisting even the most moderate pres- 
sure and Jiable to injury by a common knife, so that 
any evil-disposed n could tap the main almost 
wherever he Sanaa” At a later period, indeed, the 
Romans appear to have used short clay pipes; 
lengths of such mains have been discovered, con- 
sisting of 2 ft. spigot and socket pipes carefully laid 
in covered with a bed of concrete. These have 
outlasted all the lead pipes, and are still frequently 
found in good condition. They appear to have been 
employed principally to connect the reservoirs with 
the towers or cisterns, 

Householders could only obtain the right of water 
supply by a petition to the consul, and in later times 
to the emperor hi ; even then, however, with 
difficulty. They were matters of favour and rewards 
of merit, they applied only to the pasa to whom 
they were granted, were not transferable by gift or 
sale, and lapsed with the death of the owner or the sale 
of the house for which they had been granted, On the 
other hand, the poorer classes had the immense ad- 
vantage of gratuitous access to the numerous wash- 
houses and magnificent baths, besides, of course, 
the use of street fountains, The water granted to 


householders was incredibly cheap. During the 
reign of Augustus the whole income from the 
aqueducts only reached about 3000/. The private 


water rate was about. equivalent to one farthing a 
year for each gallon supplied daily. If we con- 


sider the cost of the aqueducts it is obvious that 
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this rate could not even approach the mere interest 
on the capital expended, since Claudia, the cheapest 
of them all, costasum about equivalent to 300,000/. 
sterling. This is about equivalent to 4/. per yard 
run, Anio Vetus cost about 600,000/. or 6/. 10s. 

r yard run. These figures are not very different 

rom the prices now paid ; for the Vienna aqueduct, 

which is about 110,000 English yards long, cost in 
round figures 900,000/., or a little over 8/. per yard 
run. 

To give some notion of the proportion of Roman 
works as compared with modern ones, I have 
sketched a few arches of the three principal aque- 
ducts (see page 501 of our last volume), to the same 
scale as the Médling aqueduct. Having now im- 

some few data about the water works of 
ancient Rome, I must mention very briefly some 
of the great works the Romans erected in the 
provinces. 

The most perfect and beautiful aqueduct they ever 
constructed is no doubt that of Nimes, which is about 
35 English miles long, and brings the water from 
springs at a level of about 240 ft. above the sea to a 
reeervoir in the ancient town at a level of 179 ft. I 
mention this work on account of the immense row 
of arches near Vert, and the beautiful and justly 
celebrated Pont du Gard. The former is 2145 yards 
long, and from 6 ft. to 50 ft. high; it has 256 arches 
of different spans, and piers up to 7 ft. in thickness, 
The latter is constructed in three stories, it is 158 ft. 
above the stream at its highest point, and the prin- 
cipal opening has a span of no less than 78 ft. The 
large arches of this magnificent aqueduct afford an 
interesting example of the mode of construction 
sketched in Fig. 2 (see page 457 of our last volume), 
and mentioned above. The two lower stories are 
constructed entirely of ashlar without any mortar, 
the arches in four adepentae rings (see Fig. 5, 


Pie crete OE gdunum (Lyons), al 
The ucts u um ons), al- 
read onthestiiic emai with inverted syphons, 
are altogether about 120 miles long, Metz mga 
a grand Roman aqueduct, of which one-half is used 
at the present day. The springs which then sup- 
= the town still deliver 6,000,000 gallons per day. 

he aqueduct of Antibes is also still used, and is 
remarkable on account of its long tunnel of three 
English miles, more than a mile longer than the 
principal tunnel of Kaiserbrunn, 

If I were to mention all the towns in France where 
the Romans erected aqueducts you would be weary 
of the list. I will, therefore, only add, that there 
was a remarkable two-branched aqueduct between 
Treves and Cologne (of which the ruins still exist) 
which supplied both these towns with water from 
the Eifel mountains. As a remarkable proof of how 
little the value of water and the purpose of these 
great works was understood in the middle ages, I 
may mention that, according to the German legend, 
this aqueduct was built to supply the works at 
Cologne with the delicious Moselle wine made near 
Treves. What measures were taken to insure a 
“constant supply” the legend does xof mention. 

Now we have reached the end of the Roman 
Empire, we may justly inquire, what has been done 
in the question of water supply since then, and 
whether the progress which the Romans made in a 
few centuries has been kept up since? We are 
obliged to confess that the art of water supply, like 
80 many other arts, was completely lost to Europe 
during the dark ages, and that the very reason of 
the existence of the Roman works was forgotten. 
Still less, therefore, can we observe any progress. 
Here and there indeed we find indications that pure 
water was occasionally appreciated by some monarch 
or city more enlightened than the rest, Forinstance, 
Theodoric constructed the celebrated aqueduct of 
Spoleto, which crossed a valley near that formerly 
— city in ten beautiful pointed arches of 
70 ft. — and 100ft. high. ‘This work is more 

ful, if not actually grander, than anything left 

the Romans. But from that pericd to the end 
of the 17th century very little was done to supply 
cities with water, and what had been done was 
allowed to fall into decay. The quantity of water 
used decreased in a remarkable degree, for it was 
considered a virtue never to wash at all. The monks 
did not remove their garments from one year's end 
to the other, and soclerved wine when they were 
thirsty. All sorts of little tricks were invented with 
water, tiny fountains, water-clocks, saw-mills, &c., 
but these toys cannot be classed under the head of 
water works. The notion of a constant supply from 
seems to have been completely Eipotien. 


People 
eople drew their water from the nearest stream, 





however troubled and dirty, without thinking that 
they were at the same time drawing from it the 
germs of all sorts of diseases. 

(To be continued.) 





A NEW SYSTEM OF PERSPECIVE. 

DISPENSING WITH GEOMETRICAL LINES OF CONSTRUCTION. 
(Continued from page 530, vol. xat.) 

Ir will be observed that we have treated this 
subject as if.the light which proceeds from any 
illuminated point in nature to the eye and causes the 
sensation of vision consisted simply of a single line 
or ray of light, whereas it is generally supposed 
that it consists of numerous divergent rays called a 

encil of light, which by the action of the eye are 
iooeché to convergence on the retina ; but as the 
axis of the pencil may be supposed to indicate the 
general direction, it is usual in treating of optical 
subjects in a general way to consider the matter as 
if the light proceeding from each point consisted of 
a single ray. 

We have also considered the subject as if the 
rays of light from different illuminated points pro- 
ceeded direct to the retina, whereas they are subject 
to consecutive refractions in their passage through 
the cornea, the aqueous, the crystalline, and vitreous 
humour, but upon the supposition that the deflec- 
tion of rays at equal distances from the axis are 
equal the result with reference to the proportion we 
wish to establish is not altered. Lastly, we have 
considered the surface of the retina as a flat surface, 
whereas it is concave, partaking of the spherical 
form of the ball of the eye, and we have also 
assumed that the distance of the point of intersec- 
tion of the axis of the eye with rays of light in 
their passage through the cornea to its intersection 
with perpendiculars from the points of sensation on 
the retina is constant, whereas from the concavity 
of the surface of the retina it would be variable, 
varying according to the distance of the object and 
consequent obliquity of the ray, but although the 
human eye has in some respects a certain affinity 
to dioptric optical instruments, it has in addition a 
power of self-adjustment which we cannot fully 
comprehend, much less imitate, and in virtue of 
this compensating power which brings all pencils 
of light to convergence upon the retina, whatever 
may be the distance, varying from about eight inches 
to infinity, we have assumed the distance above de- 
scribed as a constant quantity. There has been much 
discussion as to the manner in which the compen- 
sating adjustment of the eye is effected, some sup- 
posing that the cornea changes its form and con- 
vexity under the influence of muscular action, others 
have supposed that the adjustment is produced by a 
change of convexity of the crystalline lens or by a 
forward movement of the lens in the direction of 
the cornea, or by both at the same time. The 
first 32 rey seems to be the one most com- 
monly adopted in the present time, but whatever 
may be the mode of action of this complicated but 
at the same time perfectly working apparatus of 
adjustment, it seems to be generally admitted that 
the most palpable and apparent phase in the 
process is a change of convexity in one or other of 
the human lenses composing the eye, and as the 
effect of this change would be compensatory to 
that produced by the concavity of the retina we 
have considered ourselves warranted in assuming 
the distance above-mentioned as a constant quantity. 
It may at first sight be considered unnecessary to 
enter into this detail, as when the differences are 
so inconsiderable a close approximation to the truth 
would seem to be quite sufficient, but it will be ap- 
parent what subtle and minute quantities we have 
to deal with in treating this subject, when it is con- 
sidered that the diameter of the ball of the human 
eye is less than ] in., the diameter of the outer corner 
about jin., and that the limits of the voluntary 
expansion and contraction of the pupil vary from 
about .25 to .09 inches. 

We shall now suppose a transparent plane per- 

endicular to the axis of Y or line of distance (which 
is generally called the perspective plane) to remain 
fixed at ~ given distance from the eye of the 
observer. We shall then evidently see all the ob- 
jects in nature beyond it through this plane, the 
apparent co-ordinates of each illuminated point 
being supposed to be measured on the co-ordinate 
plane as it moves from point to point along the line 
of distance. 

If we now suppose the perspective plane to be- 
come suddenly opaque, and at the same time the 
traces of the rays of light proceeding from all the 
illuminated points to become fixed or photographed 





upon the plane thus transformed, the apparent co- 
ordinates of all the points (upon the supposition 
that they are fixed or photographed also on the 
plane) will retain their due proportions according to 
the distance of the actual ordinates in space which 
they represent, or in other words, we shall have a 
picture upon the perspective plane which will pro- 
duce the same sensation upon the brain of the ob- 
server as the actual objects in nature, for each ray 
of light will have been arrested and the trace of its 
passage through the perspective — fixed or pho- 
tographed exactly in its line of transit to the eye 
from the actual point in space. It will also be 
evident that from one point of distance, and from 
one only, will the pictorial representation be an 
exact counterpart of the appearance of the natural 
objects as seen through the perspective plane while 
it remained transparent. If the position of the eye 
should be ps. ye perspective plane remaining 
fixed, the picture upon it will be either a miniature 
or magnified representation of the true appearance 
of the natural objects as seen through it; upon the 
supposition that it again became transparent ac- 
cording as the eye is approached towards or with- 
drawn from the perspective plane, It will be evident, 
therefore, that the distance from the eye of the 
observer at which the perspective plane is supposed 
to be placed is a mere matter of scale and we may 
take the dimensions of our foreground objects, or 
rather the lengths of the ordinates of the points of 
the foreground objects in actual contact with the 
plane of perspective upon any scale, we please, it is 
only pooh ans § that the ordinates of all the other 
points in the picture should be laid down according 
to their distance in the proportion already indi- 
cated by the scale adopted, and that no object 
should be introduced into the picture which is not 
beyond the limiting line selected for our foreground. 

The ordinates Z, X, and Y of any point in space 
can be represented upon a plane surface or plan as 
follows : 

Taking the plane of the paper to represent the 
horizontal plane. If we draw the line X X to re- 
present the line of intersection of the perspective 
plane with the horizontal plane, the two ordinates Y 
and X of any point P can evidently be indicated on 
the plan to any scale selected by P N and P M. If we 


Y Fig.74, 
Bry 











U 
P 
then produce the lines Y O and P N below the line 
X X, the vertical distance of the point above or 
below the horizontal plane designated by the letter 
Z can be indicated to the same scale by N P}. 

By doubling the paper up on the line X X, we 
evidently have the ordinates in their actual posi- 
tions. 





(To be continued). 








FRICTIONAL GEARED HOISTING ENGINE. 

WE give on page 7 a perspective view of a hoisting 
engine constructed by Messrs. Williamson Brothers, of 
Philadelphia, the engine being identical with one of those 
shown by the firm at the Centennial Exhibition, save that 
the latter engine is provided with a single cylinder only, 
this cylinder being 8 in. in diameter with 8 in. stroke. 
Messrs. Williamson Brothers are extensive makers of hoist- 
ing machinery, and the engine illustrated is of their patent 
double-drum frictional geared type, the two drums working 
quite independently of each other. The drums are started 
and stopped by turning eccentric bearings, which bring the 
frictional geared wheel on each drum shaft into or out of 
contact with the corresponding pinion on the driving shaft. 
The eccentric bearings are respectively operated by the levers 
AA, there being a separate lever to each drum, and these 
levers not merely turning the eccentric bearings, but also 
applying or loosing the brakes and closing or opening the 
governor valves. The arrangement is such that by a move- 
ment of one of the levers A the gearing is moved out of con- 
tact, while a further movement in the same direction applies 
the brake and shuts off steam by means of the governor 
valve. In addition to the governor valve just mentioned, 
there is for each cylinder a stop valve operated by the lever 
B ; this stop valve being employed for adjusting the supply 
of steam to the load to be lifted. There is also provided for 
each cylinder a kind of byepass or starting valve, by means 
of which steam can be admitted to the cylinder without 
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passing the governor valve. This valve is used for starting 
the engine, and it also serves to enable the engine to be kept 
running slowly when the frictional gear isout of contact 
and the governor valve closed. The whole arrangement is 
very compact, and handy to manage by unskilled attendants. 


RENDLE’S SYSTEM OF GLAZING. 

On Tuesday last a number of gentlemen attended at the 
Paddington Station of the Great Western Railway, at the 
invitation of Mr. W. Edgcumbe Rendle, of 3, Westminster. 
Chambers, Victoria-street, to inspect his system of glazing, 
which has for some years past been successfully used in 
borticultural buildings. More recently, however, it has been 
applied to the coverings of public buildings, and promises to 
come largely into use with railway engineers. A good 
example of the extensive application of the system is the 
Royal Aquarium at Westminster, where the glazing was 
expeditiously done, and where the stability of the system 
was put to the test during erection. When the roof was 
half-finished it was exposed to the full effects of the storm of 
November 6th, last year, which it stood without sustaining 
any damage. The system consists of a series of zinc bars of 
pothook section, with a return bend, the bars being screwed 
to the purlins. The top bar is simply of pot-hook or 
hanger section, and the bottom one of the same section re- 
versed. ‘The glass rests in the groove of the lower bar and 
in the back groove of the intermediate and upper ones, in 
which it has full vertical play. The panes of glass lap each 
other, and the theory is that no water can find its way in- 
side the building covered by a roof glazed on this principle. 
In practice this is found to be so, if we may judge from some 
severe tests to which a square of this roofing was put by 
Colonel Scratchley, R.E , at the Royal Arsenal, Woolwich. 
There the water was poured on to the roofing from a hose 
attached to the fire main, and no leakage whatever occurred. 
The advantages of this system appear to be diminution of 
breakage of glass from vibration and expansion and con- 
traction, and other causes due to rigid fixing in the ordi- 
nary system, and the facility with which glass can be fixed 
or a damaged pane removed and replaced. The grooves 
carryiug off the water from the inside as well as from the 
outside is of course another advantage, for unless the roof 
be at a very flat angle indeed, water will not leave the glass 
but will run down it into the outside groove. Condensed 
water and vapours are therefore thus well got rid of. The 
roofs put up by Mr. Rendle at Paddington are on the ridge- 
and-furrow principle, and can be seen on the road leading 
from the Great Western Hotel to the departure platform. 
The area covered in is about 15,000 square feet. The ap- 
plication at Paddington is considered so successful, that Mr. 
Rendle has received instructions from the company to cover 
their stations at Cardiff, Landore, Swansea, Neath, Bath, 
Plymouth, and several other places, upon his principle. 


“THE ATLANTIC. FERRY.” 
To THE EpITOR OF ENGINEERING. 

S1r,—I notice by a contemporary that the famous 
Cunard line finds it necessary to reorganise its fleet, ‘‘ so as 
to adopt it to modern requirements.’’ In other words we 
may presume that as it found it necessary to abandon the 
paddle-wheel in favour of the screw, it now finds it neces- 
sary to acquire swifter steamers in order to compete with 
the spirited policy of the Inman and White Star lines. It 
has often occurred to me that if there had not beena 
Collins line there would never have been a Persia, and if 
there was nota White Star line to-day, with vessels lie the 
Germanic, bringing us within eight days of New York, we 
would probably still be without a City of Berlin; so 
much, Sir, for competition. But inasmuch as the Cunard 
Company has recently acquired several powerful additions to 
its fleet, it would be interesting to know how itis that their 
crack steamers (judging from their voyages) compare so 
unfavourably in speed with those of the Inman and 
White Star lines. Is it owing to great depth and beam in 
relation to length, or insufficient engine power, or what ? 

Iam, Sir, your obedient servant, 

July 5, 1876. 


THE STRENGTH OF BOILER FLUES, 
To THE EDITOR oF ENGINEERING. 
S1r,—The strength of boiler flues is a subject of suffi- 
cient importance to deserve further discussion. Putting on 
one side at present the formula of Love, there are three 
formule under discussion : 
1. Fairbairn’s original formula 

















(1) 


2. An approximate formula given by Fairbairn in a foot- 
note, which you term the practical form of Fairbairn’s rule 


p=806,300 = (2) 


8. The same formula with a new coefficient deduced from 
the experiments by yourself 


p=465,314 = (3) 
You do not question, and it is certainly true that Fair- 
bairn’s original formula fits his experiments better than 
any other. But you think it must be abandoned (1) 
because it is too complicated and difficult to use, (2) because 
by adopting equation (3) the tendency to use thick plates 
is disco - The first objection may be removed by 
using a small table of values of ¢*!9 caleulated for those 
thicknesses of plates which are common in practice. The 
following is such a Table, and with its aid the collapsing 
— can be obtained as easily as the breaking weight 
of a : 





t= vs 4 vs 4 Yer # 
pie 002307 01053 02558 4808 .07829 1167 
#219 1636 2192 .2837 3573 .5826 1.000 


As to the second objection it does not seem to me well to 
mix up in one formula two entirely distinct classes of con- 
siderations. Fairbairn’s formula is understood to give the 
collapsing pressure of flues uninjured by fire. [If it is 
modified it will not give the collapsing pressure accurately, 
and it will not insure us against the danger of using plates 
of too great thickness, for it does not prohibit the use of 
plates of absurdly great thickness. No doubt thick plates 
are erous, and the practical experience which leads us 
Fh avoid their use is best embodied in a separate cautionary 

e. 


In order that it may be seen in what degree the three 
rules differ the following Table has been computed. Any 
of the numbers in this Table multiplied by = a” gives 
the collapsing pressure of a flue. The numbers in Column 
I. are proportional to the collapsing pressure by equation 
(1). ose in Column II. to the coleocng, Sa by 
rule (2), and those in Column III. to the ing pres- 
sure by rule (3). The Table extends to all the thicknesses 
likely to occur in practice. 























| I I. III. 
t £2.19 {2 at? 
vs | 00231 00390 .00225 
4 -01053 .01563 .00902 
Bs .02558 03515 02029 
; .0480 0625 03606 
y .0783 0977 0563 
# | 1167 1406 0812 
va | -1636 1914 1104 
y .2192 -2500 -1443 
vs 2836 3164 -1826 
Fs 13573 (3906 2254 
3 5326 (5625 8246 
1 1.0000 1.0000 5771 
Taking Fairbairn’s rule as the standard equation (2) 
gives col apsing pressures 70 per cent. too high for tubes 
Ye in. thick ; 20 per cent. too high for fin. tubes; and the 


error diminishes with the increase of thickness up in. ; 
it then changes sign. Equation (3) gives collapsing “pres- 
sures nearly right for very thin tubes, but the error for 
tubes # in. thick is 30 per cent., and for tubes 1 in. thick is 
42 percent. The three rules differ so widely that it is not 
indifferent which is chosen. But, if the experiments are 
relied on there is no doubt that Fairbairn’s original rule is 
the best. For moderately thick tubes rule (2) is not far 
from accu . For thin tubes, on the other d, rule 
(3) is better than (2). 

In applying Fairbairn’s rule two points should be kept 
in mind. (1) In all Fairbairn’s experiments with, I think, 
one exception there was a longitudinal tension in the tube 
due to the mode of fixing, and it is possible that this to 
some extent influences the results. 2. Fairbairn’s tubes 
were so rivetted and soldered that they were nearly as 
strong to resist compression at the joints as in the solid 


tube. This is not always the case with boiler flues. If the, 


longitudinal seams, for instance, have lap joints they will 
robably give way in certain cases by shearing the rivets. 
n those cases no doubt the resistance will be altered. 


Mr. Wilson has given a calculation of the direct crushing 
resistance of the tubes, and a similar rule is adopted by the 
Board of Trade. Without questioning that such a rule 


may have use as a counsel of caution, it may be pointed out 
that it is scientifically very defective on these grounds. 
1. It ignores the influence of the ends. 2. It ignores the 
effect of the longitudinal joints. 3. It rests on a very 
doubtful estimate of the crushing resistance of iron. 

The rule really gives the crushing resistance of an in- 
finitely long tube, supposing that in such a tube buckling or 
collapse could be prevented. There is no good reason for 
supposing thatthe influence of the ends ceases for short tubes, 
but a priori it might be expected thatthe influence of theends 
was greater for short tubes than for moderately long ones. 
To take an extreme case, a tube 1 in. long must be so com- 
rene 2d sustained by the ends that it is difficult to see how 

racture couldoccur. Then if there are rivetted joints, it is 
the crushing resistance of those joints, and not that of the 
solid 5 a which should enter into the calculation. y> 
Mr. Wilson takes the crushing resistance of wrought iron 
at 12 tons per square inch, and you have quoted from 
Rankine 36,000 Ib. to 40,000 Ib. as the crushing resistance. 
None of these numbers are very reliable. I have ee gre 
loaded prisms of wrought iron, 14 diameters in length, with 
50, 80, andeven 100 tons per square inch. With such pres- 
sures the ironis much compressed,{but often it is not cracked, 
and would carry a still greater load. Without however 
adopting these extreme numbers, it would be better to base 
the calculation on the elastic compressive resistance of 
wrought iron, which is known to be about 10 tons per 
square inch, and not on the very imperfectly known ultimate 
resistance to crushing. There is no reason why, with a 
passive kind of load, the working stress on a welded flue 
should not be 5 tons, and that on a lap-rivetted flue 2 tons 
or 2} tons per square inch. 

The most remarkable feature of Fairbairn’s experiments 
is undoubtedly the influence of the length on the resistance, 
and I do not know that any explanation of this si r 
law has been suggested. There is, however, one coinci 


in the experiments which may afford a clue to the reason 
why the h influences the resistance. If the figures of 
the colla tubes are examined, it will be seen that at the 


wavy form consisting of curved arcs meeting at points of 
contrary flexure. Othe form in fact a series of convex and 
concave bellies. Now the number of these bellies is related 
to the ratio of the length to the diameter of the tubes, as 
the following Table will show. This Table contains the 
whole of the experiments. 


: Number of curved 
“ ‘i Ares at Moment 
of Collapse. 

15 we ee 

15 “ 4 4 
10 ves 4 

9.8 oF 4 

9.5 i 4 

7.5 ove 4, 

7.5 eo 4 

7.5 ete 4 

5.0 eee ‘4 

5.0 ro. 4 

5.0 6 

5.0 6 

5.0 6 

5.0 6 

5.0 6 

5.0 6 

4.75 ott 1-6 

4.75 od 6 

4.8 eee 6 

4.8 “a 6 

4.0 4 ) Thick tubes imper- 

fectly _colla 

4.0 ove «» 4 J lapand butt joint. 
8.75 be ms 8 

8.7 Ps 8 

7 . Thick tube slight! 

ic y 

4 [Tcotaped 


_ 
@ 


2.5 sos see 

_ The least possible number of arcs into which the tube can 
divide is four, and the number of arcs must be even. Look- 
ing at this Table the correspondence between the number 
of arcs into which the tube divides and the ratio of length 
to diameter is unmistakable. Connecting this with the 
known laws of resistance of a long column to longitu- 
dinal compression, it is not difficult to see a reason why 
the shorter tubes which divide into a greater number of 
arcs should have a greater resistance. 

If we take a circumferential strip of the flue and treat it 
as a long column subjected, to compression then the external 
uniform pressure p which would produce the waved form is 
given by the equation 

_1En*t?#* 
ie oe 
where n is the number of arcs of which the waved form is 
made up. If, then, we can connect » with the diameter, 
length, and thickness, a partial explanation of the influence 
of the length would be found. 
I am, Sir, es an 

Cooper’s Hill, July 3, 1876. . C. Unwin. 

[Professor Unwin’s in ing letter has been received too 
late for us to comment upon it this week ; we shall, however. 
have something to say about it in our next number.—Eb. E. 


COVERING STEAM PIPES. 
To THE EprTroR oF ENGINEERING, 

Srr,—Being a subscriber to your valuable paper Enar- 
NEERING, and having learnt much good and valuable in- 
formation from its , 1 beg, with your kind permission, 
to offer my mite for the benefit of your readers, or to whom 
it may concern or be of any service to, by describing a 
process which I have employed for some time past with 
great success, for preventing the loss of heat from steam 
pipes, domes of generators, cylinders of steam engines, &c. 
¢ consists in covering the same with a mixture of sawdust 
(no matter from what wood) and ordinary flour paste in a 
very liquid state. The sawdust being added to make a thick 
paste, and applied according to the tre. re sgrace 
will form a compact mass, the adherence of which is very 
great when applied on clean surfaces of wrought or cast 
iron ; but on co} pipes it is more difficult to apply the 

first coat, in which case it is necessary to wash the co 
pipe to be covered with a clay wash made with pelea deg 
i sawdust and 





ane ee a thin coati | pe yh 
pas adhere firmly. It is very ; 
woainary tances with ill teowel to all tent te mice 
Lay on five successive one-fifth of an inch thick, each 
layer making, when finished, one inch thick. the 
ee ae mente oe earns warm by the 
aid of a little steam, and let one coat be perfectly dry before 
exposed to 


applying a second. Should the pipes be outside, 

the open air, I give them three or four coats of coal tar to 
make them waterproof, but if inside a building, it is not - 
necessary. . 

It is well to pass the sawdust through a riddle to cleanse 
it from the coarse fragments of wood which are always to 
be found amongst sawdust. 

There is no contraction in drying the composition, there- 
fore no | . Steam pipes so covered, I believe, lose less 
heat than when covered by any other known patented process 
sold for that purpose. It is much less expensive much 
more efficient. The sawdust is to be found in most factories, 
scarcely of any value. With 1 cwt. of flour (about 15s. 
worth) I can cover as much surface as I could former! 
with 401. worth of the composition I was then using, whic 


cost me at the rate of three and four shillings per cwt. 
Its lightness renders it still more valuable for such pur- 
poses. There is very little expansion or contraction in the 
pipes, being well protected, arse leaky joints. 

y> 
ConsTANT READER. 
1876. 


I am, Sir, yours 





moment of giving way they must have been buckled into a 





A 
Boulogne-sur-Mer, France, July 6, 
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TREMPER’S CUT-OFF GEAR. 
CONSTRUCTED BY MESSRS PUSEY, JONES, AND 0O., WILMINGTON, DELAWARE, U.S., 
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WE give, above, engravings of Tremper’s cut-off motion 
exhibited at Philadelphia by Messrs. Pusey, Jones, and 
Co., .of Wilmington, Delaware. The contrivance is one 
for controlling the degree of expansion by means of the 
governor, our left-hand figure showing the general ar- 
rangement, and the right-hand figure views of some of the 
chief parts drawn to a larger scale. In this latter view G is 
the lower end of the governor ball stem, securely fastened 
to the wedge W; LL are the lifters, C the bell crank, H 
the “cork holder,” R the ring of rubber or cork, upon 
which the beater B falls, after the steel plates P of the 
lifters are disengaged from those of the beater, by the 
wedge W; V is the valve stem, to the upper end of which 
the beater is attached, and to the lower end the cut-off 
valve. The movement of the beater is, therefore, identical 
with that of the valve. The rock rod imparts a rocking 
movement to the bell crank which moves the lifters upward 
and downward, alternately, a given distance. The hardened 
steel plates, fitted into the lifters, project so far as to engage 
with corresponding plates in the beater. When the cone 
is raised by the governor balls to its full height, one of 
the lifters will carry the beater upward, opening the 
cut-off valve; and as the steel plates are not, under 
these circumstances, disengaged by the wedges, but remain 
in contact, the valve remains open until it is closed by 
the lifter in its downward movement. It is then re- 
opened by the lifter on the opposite side, which represents 
the return stroke of the piston. When this condition exists, 
the engine is said to be “ carrying full stroke.” The steam 
is not being cut off, but is freely admitted to both ends of 
the cylinder, and the full power of the engine is being de- 
veloped. If a less amount of steam is sufficient to maintain 
the speed of the engine, the wedge W is moved downward 
by the operation of the governor balls, and the lifter, 
sliding outward as it moves upwards, is disengaged from 
the beater, and the valve is allowed to drop instantly into 
its seat, cutting off the passage of the steam into the cylinder. 

It will be observed that the only duty the governor balls 
have to perform, is to determine the position of the wedge 
W. The power required to move the valve is obtained directly 
from the engine itself, operating through the lifter, an ar- 
rangement that enables the cut-off to detect at once any 
variation in the speed of the engine, and to adapt itself to 
suit it. We do not like the form of governor which has 
been adopted in connexion with the gear, but the arrange- 
ment of gear itself is simple and effective. 





Tue Everton Gas Company.—On Sa last the 
four defendants, Messrs. Aspinall, Knocker, Muir, and 
Whyte, surrendered for judgment in the action of the 
** Queen, v. Aspinall and others.’”’ It will be remembered 
that the action was brought by members of the Stock Ex- 
change, who averred that the defendants had fraudulently 
got a settling-day in respect to the shares of the above 
company, which was intended to work patents for a s0- 
called improvement in the production of gas, but which 
were ly only a revival of old methods long ago rej * 
After an attempt by counsel to get further delay, Mr. 
Justice Blackburn passed sentence, ordering twelve months 
imprisonment of Aspinall and Knocker, and two months 
each on Muir and Whyte, all as first-class misdemeanants. 
We trust that this may be considered as a seasonable warn- 
ing in quarters where such a hint. has long been wanted. 
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THE STRUCTURE OF STEEL. . 

Remarks on the Manufacture of Steel, and the Mode of 

orking it.* 

By D. Currnorr, Assistant Manager of the Abouchoff 
Cast Steel Works, near St. Petersburgh. Translated by 
W. Anvperson, M. Inst. C.E. . 

STEEL, as generally used in the is a combination 

of iron and carbon. The these elements in steel the 

higher are its qualities. The best steel that has ever been 
made in any age or country is, without question, ‘‘ boulat”’ 

(the sabre steel of the Tartars). The special qualities of 

*‘boulat,”’ and especially the markings appearing on its 

surface, have sent many investigators on a scent; a 

thought to find the may =f qualities of this steel in 

some special mixtures. Careful analyses have been made, 
but, to the surprise of all, nothing has been found compe- 
t to explain the presence of the c istic veining. 

uch as the veining of ‘‘ boulat’’ is closely co 

with its quality, it was attempted to find substances which, 

being melted with the steel, would produce the markings 

required. Steel was melted with various metals—with 
platinum, silver, and so on—and veinings were, no doubt, 
produced ; but in the first place, they were far from having 
the same ity and beauty, and secondly, as well as 
chiefly, the steel produced was always inferior to ‘‘boulat.’’ 

The iarity of the veining of ‘‘ boulat’’ lies also in this, 

that if you heat a good specimen of the steel with clearly. 

marked veining to a bright red heat, and then allow it 
cool, it will be impossible to restore the markings, no matter 


how long you treat the surfaces with acid. The veining, on | liii 


the other d, produced by the mixture of metals never 
disappears, however much the steel may be heated. But if 
the piece of ‘‘ boulat’’ in which the veining has disappeared 
be melted again, then, if certain conditions in the cooing 
of the ingot are observed, the veining appears again, thoug 
of a somewhat different design ; and in this manner it is 
— to produce or annihilate the pattern several times. 
he investigations of Anosoff have dana shown that the 
problem is solved ~ the oy the oa oat suc- 
, 28 is own, in ui est qua- 
lities of Eastern “‘ boulat.’’ Sere inte 
On a former occasion I spoke of the observations I had 
made on the ribbons of dead tint observable on the surfaces 
of steel s inthe lathe. By means of careful daily records 
of the orging of the ingots, I found that these tints 
appeared in the boundaries between the hot and the cold 
tions of the ingot being forged ; that is to say, always at 
hose points up to whicl. the ingot was pushed into the fur- 
nace. The position yen yee of the strips of 
tint always coincided with the position and form of the 
limit of heating. If a spot so noted by me was afterwards 
reheated, then the ribbon of dead tint no longer ompeeeet 
after ing in the lathe. Besides this, some of these 


ribbons wo’ A Senggete 50-6: eee less thickness of 
metal was turned off ; others penetrated right through the | less harmful 


mass of the gun, and never disappeared. 

It is further remarkable that although, at times, the 
transition from the heated to the cold portion of the ingot 
was so gradual that it hae pe. emer Pcp Aer im vey 
yet the ribbon of dead tint ag hy weer of the 
surface of gun, and corresponding to the above ilfdefined 


limit of heating, was so clearly marked, that it was easy to 
trace its ies with a il on the surface of the gun. 
It must be remarked also that the ribbon has only one well- 


defined margin, that which was turned towards the cold 





* Communicated to the Russian Technical Society in 
April and May, 1868, and referred to i 
page 


to in our article on 
559 of our last number. 


to separati 
dead | so that the sekesoal 


endof theingot; theother margin is shaded off im’ tib] 
{nto the normal tint of the steel. Se 


gf 


Wishing to investigate the effects of the steam hammer on 
the structure of steel, I heated a 4}-in. ingot to a bright red 
colour, and subjected it to two heavy blows of a 5-ton ham- 
mer, so that one-third the length was not touched at all, 
the second third was flattened to 8 in., and the last received 
two cross blows, under each of which there was a compres- 
sion of at least 1}in. The ingot was then left to cool in 
the open air, and on being broken it was found that the ap- 
pearance of the structure of each of the three sections re- 
mained identical, not only to the naked eye, but to the most 
careful microscopical examination. 

I have also drawn attention to the circumstance that, on 
one occasion, when experimenting on the influence of the 
temperature to which steel was heated on its hardness in 
tempering, I ordered a smith to heat a piece of steel to dull 
red, but he by mistake heated it bright red. Wishing to 
rectify the error, I did not at once B lunge the steel into 
water, but let it first cool down into dull red, and then im- 
mersed it. Although the steel was of a quality capable of 
extreme hardness in tempering, the immersion not only 
did not make it hard, but y made it sensibly softer. 
I have ed the above circumstances use, in con- 
nexion with many others, they induced me to investi- 
gate the influence of temperature on steel, and formed 
points of departure for my researches. Space will not 
allow of my describing my experiments in detail. I must 
aoe myself with stating the conclusions to which I have 
arrived, 

If steel melted in a crucible is constantly kept in violent 
agitation while cooling, —— violent enough to keep all 
its particles in motion, then the cold ingot produced will 
have a very finely crystallised structure; if, on the other 
hand, the melted steel is allowed to cool in perfect quiet, 
then the resulting casting will consist of cel-Geveleged 
crystals. The appearance of these crystals, and ego | 
the tendency to crystallise under these circumstances, will 
depend on the purity of the steel. As I have already stated, 
the ultimate purity of the steel consists in that of its two 
component elements iron and carbon, and that the best steel 
is a of only these two elements. 

With reference to other elements, the presence of which 
is supposed to influence the quality of steel, it is impossible 
to avoid mentioning the opinion of Fremy, who considers 
nitrogen so essential, not only to the formation, but to the 
very existence of steel, that he has laid down the proposi- 
tion that “if the nitrogen is taken away from steel it will 
cease to be steel’? (‘‘ Comptes rendus,”’ vol. lii, April, 


all | 1861); and the supporters of this theory, who go further, 
affirm tha‘ 


and + steel is a union of iron with cyanogen 
which can even be seen burning with a violet flame during 
the process of casting steel! However, up to the present 
time (1868) the most careful researches of Caron, Marchand, 
Biot, Bousingault, Rammelsberg, and others, have not con- 
firmed the assertions of Fremy; for on the one hand, 
nitrogen is found also in soft wrought iron and in cast iron, 
and on the other, the quantity of nitrogen found in steel is 
very variable, and bearing no fixed relation to the ——s 
of carbon; and furthermore, it exists in such small quan- 
tities as to be less thana tenth part of the carbon. For in- 
stance, Bussengol found 0°00057 part of nitrogen in cast 
steel, and 0°00124 part in soft wrought iron (‘‘ Comptes 
rendus,’”’ vol. lii-, p. 1251). On another occasion he found 
in Krupp steel 0°00022 part of eerie cr and in soft wrought 
iron a cast steel 0°00007 each (‘‘ Comptes rendus,”’ vol. 
With reference to the influence of different metals on the 
quality of steel, it is necessary to state that some of them 
communicate a icular colour, some diminish the tend- 
ency to rust, and others, displacing the carbon, enable the 
steel to acquire very great ess in tempering, and so 
on; but the greater number of substances combined with 
steel, even in the most insignificant proportions, very consi- 
derably lower its quality. 

For example, the malleability of steel, being in direct 
relation to the quantity of carbon contained in it, is mate- 
rially lowered by the presence of foreign substances. 
Bessemer steel No. 1, containing 2 per cent. of carbon, is 
hardly malleable (Boman, ‘‘ Das Bessemern in Schweden,”’ 
1864) ; whereas, according to Anosoff, pure steel retains its 
malleability with 3 per cent. of carbon, forming the hardest 
‘*boulat.”” Speaking generally, all the efforts of metal- 
lurgists to obtain the highest qualities of steel should be 
directed impurities from the raw materials, 
their operations should be a combi- 
nation of iron and carbon; all the specifics and nos- 
trums forming the subjects of so-called secrets will be found 
to consist, in effect, not in the introduction of new mate- 
rials, but in purifying the raw, and only, as a last expedient, 
driving out pernicious impurities by means of substances 


It may as well be said that tungsten steel has not proved 
a rival to carbon steel. The fact is that tungsten, 
when steel containing it is heated, eo oxidises, at 
first on the surface of the ingots, and then by degrees to the 
very centre, so that after a few heats the steel loses its 
peculiar qualities. This oxidation takes place even at ordi- 
nary temperatures. 

As I have already stated, steel, cast and allowed to cool 
quietly, assumes a crystalline structure. If you heat such 
an ingot to a bright red heat, and allow it to cool without 
working it in any way, then on breaking the mass you will 
find that its structure has been altered. In order to ex- 





= the law regulating the change of structure produced 
y heating, I draw a line, on which, as on the scale of a 
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12 ENGINEERING. 
hermometer, I shall mark certain ts ing to isationat certain temperatures commences to dissolve | structure the self-same piece of steel may be made to assume. 
pr determined temperatures. ech ace. arts ory salid sabetance of the salt. This hypathesie esis receives | The results of experiments are given in the following 
Let the point o be the zero of the thermometrical scale : | confirmation in the process of cementation, in which the | table :— 
a marks the tem ture of dark cherry red ; } red, but | iron must be heated to above a certain temperature or no 
not sparkling ; ¢ the melting point of a given sample of | effect will be uced, no matter how long t e bars remain l Bax 
steel. The points a, b, and c have no t place on | in contact with the carbon ; it is vip = that the tem- 3 
the scale, but vary with the quality of the steel (in pure | perature at which carbon begins to absorbed in cemen- Ultimate 3s 
steel this variation depends directly on the quantity of car- | tation is very near to the point b. s ae Diame- $3 
bon contained) ; the harder the steel the nearer these points — os ter of \2 3 
move to 0, and the softer the steel the farther off, and, per xten- | Speci 33 2§ 
speaking , with varying rates. The limits of these square | “2: | men. oais 
; inch, ‘a: 
Dio change cf structure Fig 2 Pm. Rae dd , ry PLE 
ere arene ete ate " | eB 
e¢ id + ral 
> ws / \ Ist. Unforged _speci- ote anes ~ . 
Wino hari Falling teva tb atveumiingh | <f-. |. 
Crystalis anor ne - 15 | 0.053) 085 | 11 
movements are sufficiently narrow, so that an i ienced - Not forged, but, 
eye would discern them. Not having suitable appa- « ow x area YX melee reste 88.7 0.166 | 0.63 | 3.21 
ratus for measuring the temperatures, I have been com- iy hea | . . . , 
pelled to denote them by the colours exhibited in heating, The power of steel to become granular may be gt phically 
the various shades of which only an experienced eye can | illustrated thus :—On our scale of temperatures 0, a,b, ¢,! 1 must also remark, that on the coieeaal tn 
appreciate ; and it must be added that the colours named | » curved line rises from the point b, and the ordinates  y, | third sample, as you sieg sheurve a ed fom, theme oe 


have reference only to and medium qualities of steel ; 

for in the very soft kinds, nearly a ing to wrought 

iron, the points a and 6 recede very far, so that, for ex- 

omg. in wrought iron the point b corresponds to white 
eat 


The definition of the point a is as follows :—Steel, how- 
ever hard it may be, will not if heated to a tempera- 
ture lower than a, however quickly it is cooled; on the 
contrary, it will get sensibly softer and more easily worked 
with the file. Not having time to enter into the explanation 
of this phenomenon, I will refer to the investigation of 
Jullien (‘‘ Les affinités capillaires et les phénoménes de la 
trempe mis en mee,’ Paris, 1866) on tempering in 
general, from which he deduces the very probable conclusion 
that steel, in cooling from a red heat, appropriates a cer- 
tain amount of latent heat, the quantity of which is directly 
dependent on the rate of cooling ; so that the quicker the 


steel is cooled the greater quantity of latent heat it will 
contain ; but if the rate of cooling diminishes below a cer- 
, and no harden- 


tain —-* mg —_ a: sea) 
ing can take place. actual hardening 
by the supposition that the carbon assumes an abno 
crystalline condition. I will add from myself that all this 
es 2 only when steel is heated above the point 
marked a on our scale. The definition of the point } is 
that steel heated to a lower temperature than b does not 
change its structure, whether cooled quickly or slowly. 
This expression, however, must be taken itionally, be- 
cause steel, during long periods of time, and especially 
under the influence of shocks and vibrations, and at ordi- 
nary ay ay oy but to a less extent wrought iron, 
changes from the finely granular to the coarse crystalline 
structure ; and as the heated, and therefore softened, 
condition, and especially at temperatures approximating to 
that indicated by the point b, it is probable that, with the 
greater facility of motion, the change of structure will take 
place more Ae guy In my own experiments I have a 
ieces of s' at temperatures near to b for about eight 
ours, but after cooling slowly in hot sand I have been un- 
able to detect any change of structure. 

As soon as the temperature has reached the point b the 
substance of steel quickly passes from the granular (or, 
speaking generally, crystalline) condition to the amorphous 
(wax-like structure), which it retains up to its melting point, 
that is, to the point c. In this condition steel possesses the 


Jullien explains 





property of incompressibility, and, at the same time (with | parts 


t to the permanence of the amorphism), has an 
to an exceedingly concentrated solution of a strongly 
crystalline salt. To ae my meaning clearer, imagine a 
pane of crystallised alum put into a beaker and carefully 
eated. On attaining a certain determined temperature the 
piece of alum will as if damp, the se te crystals 
forming the mass seem, as it were, to sticking or 
clinging to each other, forming a mass on the point of 
melting and which actually grad becomes finid, and 
forms a solution of the crystals alum in their own 
water of crystallisation. Now if this fluid mass is allowed 
to cool it will again crystallise, and according to the condi- 
tions under which this cooling takes place we can obtain 
any quality of crystals, from the coarsest to grains so 
as to be scarcely B -nieyoy to the naked eye. 
Bee a orale earner thre 
quiet, -shaped, well-develo crystals 
will be formed ; but ff, with the same ual cooling, the 
liquid is kept in constant agitation (shaken up), the crystals 
will come out very small, Allowed to quietly but 
rapidly, the crys will also be small; and, finally, the 
least favourable condition for crystallisation is when the 
liquid cools rapidly, and is at the same time violently agi- 
tated, In a word, all depends upor the greater or less time 
aud the or less freedom of motion the particles 
possess among themselves for collection into crystals; the 


res 


tirst condition de upon the rate of cooling, the second, 
upon quiet and greater or less density (thickness) of | t 
tae mass i isation 


The same changes place in the structure of steel 
heated above the point b. The higher steel is heated the 
softer it becomes ; the greater, therefore, is the liberty its 
particles — to group themselves into crystals (if the 
quiet of the mass is not disturbed by extraneous forces) ; 
and the slower the tem; re is suffered to fall to the 
point b, the more time they have for the At tem- 
peratures lower than b, as ly stated, the structure of 
the mass does not alter. In this case the action of carbon 
ov iron may be likened to that of water of crystallisation 
on its salt; that is, it may be supposed that carbon at the 
tempcrature 5 begins to dissolve iron, just like the water of 


rmal | tically with the worki 





&c., of this curve represent the degree of development of 
the grains for the corresponding temperatures « « x, which 
become the abscisss, but necessarily under similar condi- 
tions of cooling from the several temperatures « x to the 
temperature b. At some ag ee X lower than the 
melting point C, the ordinate Y becomes infinite, and an 
asymptote to the curve, the practical significance of which 
is apparent in the well-known fact that steel will not endure 
a hi b welding heat, but falls to pieces in the fire; and the 
harder the steel the lower is the temperature at which this 
takes place, and therefore the nearer is the temperature X 
to o, and ~ further — Cc. a otaaamn 
In mannfacturing articles of steel, we g em as 
much as possible of a fine-grained structure, especially if 
strength or toughness be the first object — say that 
it is better to obtain steel of a finely crystalline structure, 
because numerous experiments have demonstrated that the 
ter the preponderance of the crystalline formation, the 
ear and more regular the are in a given piece of 
steel, the less resistance does it offer to fracture, the less 
tenacity does it possess, and therefore men connected prac- 
of steel ise its qualities by 
the ap ce of its fracture. If the fracture is fine- 
grained, they say the steel is well forged and consolidated ; 
if it is coarse-grained, it is badly forged and of an open 


character. 

Although we are in the habit of associating with the 
forging of steel an idea of increased density, yet in reality 
it ap that, in most cases, forging only changes the 
form of the steel, and according to the relations between the 
force of the blows and the thickness of the piece of steel be- 
ing worked, hinders crystallisation of the mass to a greater 
or less degree, but does not increase its density (I am speak- 
ing only of forging above the temperature }, such as is 
general in working large ingots). The force of the blows 
is too small to vanquish that gigantic molecular force of 
heat that keeps the particles of steel at a definite distance 
one from the other. The problem of forging (at tempera- 
tures higher than b) consists in this, that while changing 
the form of the mass of steel, it should have no time to coo 
and crystallise quietly, but should be kept in the amorphous 
condition till such time as the temperature sinks below the 
point b, after which, if left to cool in quiet, the mass will 


no longer crystallise, but will t t ity and 
homogeneity of structure, so that it wil eupee 


. 





in all its 

a uniform resistance to external forces, of course sup- 

posing the chemical composition of the mass throughout to 
the same. 

But if the problem of forging was limited to the above 
conditions, it is easily seen that Seo Me under the 
hammer might be dispensed with, and the required form 
given at once by casting in suitable moulds, and preventing 
crystallisation A rapid cooling. In reality, however, things 
are very different. The difficulty of forging is aggravated 
by the circumstance that the cast ingots out of which guns, 
for example, have to be made are full of pores filled with 
gas, bubbles penetrating the interior as well as the surface 
of the mass, and also with scales and cracks due to contrac- 
tion, so that, as the castings are delivered from the foundry, 


fine | it would be impossible to make use of them. These bubbles 


and cracks must be squeezed or pressed together, and this 
can only be done by powerful mechanical means—by heavy 
forging. —— tees cast steel is neither less dense 
nor less ~ than steel of the same molecular structure, 
and forged a os higher than 4. To convince 
myself of this I e a number of experiments, first on the 
density of the two kinds of steel, and found that in most 
eases forging had diminished the specific gravity; and, 
secondly, I found that the tenacity of the cast steel was in 
nowise less than that of the forged, provided, as I said be- 
fore, both have the same structure. To prove this, I took 
a cast ingot of coarse crystalline structure; I had it cut 
longitudinally into four parts. One of these parts was 
urned down in the lathe, and tested in the proving machine. 
The second piece was heated to bright red, and vigorous] 
forged under a 3-ton hammer, the forging being stop 
when the temperature fell to very nearly the point b; the 
specimen was then turned down, and also tested in the 
proving machine. The third piece was made red-hot, very 
nearly the same temperature at which the forging of the 
second piece terminated, and was allowed to cool in the open 
air without being forged. Having broken a small piece off 
this last specimen, I found that it had assumed a finely 
granular structure, very similar to that of the second forged 
specimen. third sample was also turned down in the 
lathe, and tested. The three specimens are now before 
you, and you may judge for yourselves what varieties of 


ped | woeld 





spot of iron occupying about one-sixth of the area, and 
which was undoubtedly the cause of premature fracture, 
neh ae ce of the surface clearly shows that it began 
at that spot. 

In order to establish the propositions I have advanced, it 
will of course be necessary to institute a complete series of 
experiments.* As regards trials by bending and breaking 
under the hammer, an immense number of experiments 
have convinced me of the correctness of my views. 

(To be continued.) 





THE CORLISS BEAM ENGINE AT 
PHILADELPHIA. : 

In our number of May 19th last, we gave a two-page 
engraving, together with a plan of the great Corliss beam 
engine, erected by Mr. George H. Corliss, at the Phila- 
delphia Exhibition, to drive the machinery in the Machinery 
Hall, and we at the same time described the construction of 
the engine and the arrangement of the shafting connected 
with it. Notwithstanding, however, that we have already 
published this information, we think that many of our 
readers will be interested in examining the perspective view 
of this engine, which forms our two-page plate this week. 
This view, which has been prepared from a photograph, 
gives an excellent idea of the general appearance of the 
engine and of its enormous size. Considering the short 
time which has elapsed since our account of this engine 
appeared, it is unnecessary that we should re-describe it ; 
but for convenience of reference, we repeat below, some of 
the principal dimensions :— 


oe 
cosour 


Diameter of cylinders ... 
Stroke... wi me sad 
rae gg of piston rods (steel) 


peed, 36 revolutions per minute, ‘corres- 
ponding to a piston speed of 720 ft. per 


minute. 


goer 


Teepe 
“71 tons 
: aw “3g 
Diam ‘ 96 too ae 

” ” »» at bearings 
‘ “agi 


ScoWMasIo cof 


1 

1 

Lengt ys : 

Diameter of flywheel ... rw ni 30 

Width od »» across the face... ie cl 
Number of teeth on flywheel ... , 216 
Weight of flywheel _... ove 56 tons 

The pair of engines are rated at 1400 horse power nomi- 

nal collectively, but they are capable of indicating 2500 


horse- power. 


REGISTRATION OF TRADE ee hae nae nan 
of Trade Marks Amendment Bill has rapidly 
through the various stages, and was read a second time in 
the House of Commons on Tuesday last, the Committee 
being fixed for Thursday. We understand that the clause 
empowering the Commissioners of Patents to be the sole 
judge in all matters which have hitherto been decided by a 
court of law, the objectionable nature of which we allu 

to a fortnight , has been withdrawn by the Government. 
Although the Bill has been hurried t h both Houses at 
a rapid speed, the owners of marks have sufficient time 
to prevent themselves from being delivered, bound hand and 
foot, to the Commissioners of Patents or to their clerks. 
The anomalous action of the department with respect to 
the rejection and alteration of marks has given great dis- 
satisfaction, but there was always the o— of appeal to 
the Court. This power of appeal the Bill sought to take 
the trade mark authorities feeling no doubt that it 
be pretty freely exercised. The introduction of the 
clause in question does not say much for the sagacity of 
the Lord Chancellor’s advisers, as a very little knowl 

of public feeling would have convinced them that it wo 
never be allowed to become law. To ask for large and 
absolute powers and then to abandon the request at the 
first show of opposition, is not the mark of a great states- 
man nor even of an intelligent head of department. 








* 1875. Since the above was written, numerous expe- 
riments at the Abouchoff Works have fully demonstrated 
the truth of my views. 























) a 
- —— 
“he 
zee 
as | 
S86 | 
O x | 
a 8 | 
2 | 
- 2 
a; & | 
> * | 
a | 
Cc 4 | 
ea | 
5 | 
i 2 | 
- | 
A 2 | 
ee 
0 | 
| 
a ] 
) 
= 
<t 
XX) 
ai 
Wn 
Wn 
— 
4 
Oo 
oe) 
O 
r=) 
© 
ome) 
~ 
le 
5 
o 
g 
ie=] 
o 
Zz 
je} 




















a — cs - : P gh a 








b| AT THE PHILADELPHIA EXHIBITION. 
NGINEER, PROVIDENCE, RHODE ISLAND, US.A. 


n, wee Page 12 ) 





- 
y 
ve] 
iN 
a 





| . 
Pi Le 
vf 

















Shere 




















Outside 2in. % hd ~~ eos 
diameter oftubes ...  ... 24 in | 24 in. | 2 in. | 2in. 1} in. 2in. 14 in, 14 in. 2 in. 14 in. 14 in, gin 

Inside ———— 1.782 in. } 2.022 in. + 2.282 in. 1.78240. 1.782 in ee ¥ 

Length of tubes between tube plates| 2°ft.11in. | 209%. 7im. | 12ft. 10 in. laa ft. 1g in. | 11 ft 2mm. | 6 ft. Sin, 11 ft. Gin. 7 ft. 4§ in. oer , . , = ag 


Boller material... ... 4. --| +-7ron Steel Steel Tron Stoel iron Iren Iron Iron Iron 
Thickness of boilerplates ... ...| im. vs in. tin. din, fin. Ys in, 2 in. & y, in. Yoin, & pin.) { Bienes fin. = | in. @ gin. fin. 
Tube material ... ... . ..| Tron Iron Iron Iron Iron Iron Iron (n) Tron (n) Iron Iron Iron we Iron, lap welded 


Thickness of tubes eae] 209m, | 109im, | 209in. 109 in, 109in, | 083in, | ¥s in. ¥ in. 10 095 } in. . } in. 


Firebox material .., ... —es|_ Ste0 x5 im. | Steel ,§, in. | Steel fin. |Copper gin.| Steel (o) | Steel 3 in, . Steel Steel Pee ning) Steel .f, in. (g) Steel ¥, in. (/f) 


HEATING SURFACES : aq. ft. aq. ft. sq. ft. aq. ft, sq. ft. 8q. ft. b , aq. ft. é sq. ft. 8q. ft aq. ft. aq. ft. . ft. aq. ft. 
Heating surface of firebox .. ... 112 106 92 103 12 24 5 118.1 32 101.5 (t) 49 55 . 87 
External surface of tubes ... 1131 971 1159 927 953 106.5 974.4 188.7 954.26 291.5 434 813 


Internal _,, ae 10% 871 1057 826 848 93.8 887 164 860 260.2 373 711 
Total hea surface with external . 
tube ~~ ~i ie 1251.0 1065 130.5 p 220,7 1055.76 489 900 


Total heati surface with ‘iaternal 
‘abe awiew =. im =o 1149.0 960.0 117.8 ; . . 196.0 961.5 


Firegrate a oa ... § ent ares. . ¥~ 22.96 
lue area through full sectional area ? «7 5 * gq. in. 8q. in. 
of tubes 7 «ns <0 - . 565.6 62 444.5 
Number of internal diameters in 

length of tube mii tee “ial Si s 56.1 . 69.51 
External tube surface divided by 

firebox surface coe ove oon . 4.44 9.40 
Total heating surface divided by 6.10 

firegrateares... 0. oe 9. . 26. 45.98 

11.96 : 7.44 


Firegrate area divided by flue area .. 


WEIGHTS OF ENGINE: 
Weight ofengineempty ..  .. oe one - oe - - =) - 69,900 Ib. 
Welght of engine in working order... . | 71,300 Ib, | 91,640 Ib, 75,000 Ib. . | 78,832 Ib. | 71,0001b, | 39,0001b. | 18900 Ib. 
Weight " 

= ot Apa oie nga . | 45,800 1b. | 79,400 Ib, 51,500 Ib. . | 53,586 Ib. | 47,0001b. | 26,5001b. | 18,900 Ib. ooo , abt, 28,000 Ib, 
Weight empty per square foot of 
heating surface ove oe ooo 


67,500 Ib, | 36,4001b. | 15,900 Ib, 


61.9 61.8 96.3 71.6 


oon 


MISCELLANEOUS : 
Contents of coal tanks ove ose ove eee oe ove oe oe on oes ove oe on ooo ‘ ove 2500 Ib. 
Contents of watertanks .. ... oe ove { 158 gals. ov ove ove o aa {217 gals. } o oe 666 gals. Eng. 
Eng. Eng. 


Diameter of blastnozzle  ...  ... 3 4 a} { sain. a) Variable | 44in.(v) | 2¢im (ce) | 2gin (uw) | 2}im.(u) | Variable (w) 2} in. (@)| 1p in. (y ‘ ore 2}fin. to 3 in. | 2g in. and 2% in, 


Maximum diameter of chimney... 18 in. 20 17 in. 14 in, 54 in. 10in. 10 in. 14 in, . 11 in. 8 in. 82 in. 30 in. 66 in. 


Minimum 18 in, 20 in. 17 in. 14 in. 5} in, 10 in. 10 in, 14 in. 15in, 1lin, 8 in, . 11} in. 11 in. 16 in. 


Least sectional area of chim ne in 
square inches J 254.47 314 16 226.98 153.94 23.76 78 54 78.54 153.94 176,71 95.03 50.26 99.40 95.03 176.71 


Firegrate area divided by least 
sectional area of cimnneg. ft 10.18 10.65 22.45 30.95 15.58 15.58 26.19 19.87 25.00 16.04 9.17 15.15 11,78 
Wo ressure of steam in 
ivan m - 11 Ib. 125 Ib. 125 Ib. 1101. | 1301b. 1301. ' 120 Ib, | 1250 150 Ib} = :10 Ib, 


Nature of fuel used .., eco on Bituminous! Bit. coal Anthracite | An thracite| Anthracite | Anthracite | Anthracite or Bit. c oal Bituminous (Bitumus. (z) Wood 
Tractive force for each pound of 
effective pressure per square inch 
Tractive Sass with an —— aa 
tons to four- 
fifths “the " er amen ney . eos! eco 14,976 5485 10,722 4006.1 6453 
Tractive force in a - 
pressed in per cent. 0 esion 
weight ... as ooo ove eco ove oe 22.02 . 22.81 21.19 ms r 23.05 


TENDER : 
Number of wheelsin tender... ... 8 8 8 8 ove - 8 8; 
Diameter of » oe eee 30 in. 33 in. 30 in. 30 in. ove 24 in. 24 in. 30 in. 33 in. Min. | ove 30 in. on 26in. a 20 io. 


Chilled } Chilled } | ¢ Chilled } “gree? ia | ¢ Chilled Chilled Chilled } f Chilled ) | { Chilled Chilled 
Material of ” ” a if _ { onion castiron castiron castiron § | be ‘on 4s | Pp cast iron ai castiron = cast fron 


(aa) 7 
Contents of coal space —- eno ove on ons ove 12,009 Ib, 10,000 Ib, 5500 Ib. oss 7924 Ib. os 4000 Ib. 


111.9 192 144 . 25.6 54.85 62.27 14 103.1 y 38,52 5 53.78 
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Contents of water tanks, Eng. gals.... eve 2000 2000 ovo 834 1000 1936 2000 913 on 1833 os 1000 | one 1666 
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Nots,—The Pennsylvania Railroad passenger engine (No. 2 in the Table), and all the engines employed in working traffic om the 


. In addition to the locomotives, particulars of which are tabulated here, there are a few others exhibited at the Centennial. Our Table, however, includes all shown within the building. Outside the Maryland State Building there are two engines, sent by the Baltimore and Ohio 


Railway, one the No. 6 of that railway, the other, No. 600. The former is one of a class built in 1835, and is with seven others still actively employed on shunting service. It was designed and bailt by Phineas Davis, of York, Pennsylvania, and has a vertical tabular boiler, 
fired from the front, through a projecting horizontal firebox, aud having two vertical cylinders attached to the rear of the boiler one on each side. The piston rods of these cylinders are connected with vibrating beams above the top of the boiler, rods being connected 
to the ends of the beams, and giving motion to two wrought-iron cranks. This motion is transferred through spur gearing to the wheels, which are four in namber, and 36in. in diameter. The reversing gear ists of an ingeni arrang t of sliding cams worked 
by levers, and by the foot. The weight of this machine is about 8 tons, and the working pressure 60 lb. The whole of the work is remarkably good, and in this respect it formsa striking contrast to the new locomotive, No. 600, whick forms the second engine exhibit of the 
Baltimore and Ohio Railroad. This is a heavy passenger engine of the “ Mogul” Ciass, and is built for working the traffic over the steep mountain sections of the railway. It weighs 90,400 lb. and has six coupled wheels, with cast-iron centres and steel] tyres, 60 in. in diameter, 
The cylinders are 19 in. in diameter and 26 in. stroke, and the boiler is 50 in. in diameter. The firebox is of steel. There is also another locomotive built by the Brooks Locomotive Works, employed in working the West End Passenger Railway. 





. Where no destination is entered in the Table the engines have not been sold. (c). This is a freight engine, but during the period of the Exhibition it will be used in working the traffic on the West End Passenger Railway. 


. This engine is on the single boiler Fairlie system, with two four-wheeled bogies. «). Measure to centre of truck at forward end. 
- The maio wheels on the engines Nos. 1 to § have, as is common in American practice, cast-iron centres and steel tyres. The tyres used are now almost exclusively of American make. They are shrunk on to the body, the amount of shrinkage being ,,;, in. per foot of diameter of 


wheel. In some cases the tyre is further secured by number of set screws passing through the rim of the wheel, and entering the tyre. These screws are furnished with a nipple at the end about § in. in diameter, and 3 in. long, which fits in a corresponding hole in the tyre, 


. These wheels are of the Washburne pattern, of cast iron, with steel tyres. In making these wheels the latter are heated, and the bodies are cast within them. The tyres are rolled with a bulge on the inside, so that the cast body cannot slip off. It is, moreover, claimed that 


® partial fusion takes place on the surfaces of contact between the iron and steel, making the whole wheel one solid maser. 


. This dimension is the travel of the crank, the Walschaert’s valve gear being employed. (f). This dimension refers to the wagon top of the boiler. U). Atfront end of boiler. 
. ‘That there are two dimensions for the height of the firebox is due to the fact that the grates are inclined, and ti the crowns also, The drawings of these engines, which we shall shortly publish, will explain this, 





The lesser of these dimensions refer to the back of the firebox, and the greater to the front. (m). Pennsylvania charcoal iron. (2). Fastened with copper ferrules. (0). Side sheets 4 in thick; back sheets J, in. 


). The firebox tube sheets in these two engines are 3 in. thick. (g)- Crucible steel. (r). Front tube plate J, in. (s). Wagon top plate ¢ in. (t). (n this firebox there is a combustion chamber of 3 cubic feet capacity. 
. These blast nozzles are square. Engines Nos. 2, 3, 7,8, have double nozzles, of which drawings will be published. (v). These nozzles are single. (w). From 3§ in. to 4§ in. (2). These nozzles are double. )». Single nozzle. 
. Will burn anthracite du its period of service at the Exhibition. (aa), Washburne wheels. (66). This engine and tender were built for exhibition by the apprentices in the Reading locomotive shop of the Philadelphia ant 


Reading Railroads. 
(ec). Counte ts are formed entirely in rims of driving wheels, dispensing with weights between spokes. (dd). it “i and 4 yO o ee At is ee YZ ). Tube plate y, in, ane on nal ai 
est Passenger way at the Exhibition, are with tingh tomatic brake, all trains for _ latter service are also 





fally equipped with this brake. 
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TABLE SHOWING THE LEADING PARTICULARS OF THE PRINCIPAL LOCOMOTIVES (@ 
AT THE PHILADELPHIA EXHIBITION. 









No. 


1 





il 


13 
4 





16 
17 


18 
19 
20 














37 


Freee & 


5 | 6 





¢ 
7 
8 
9 





EPIAGRAMS ee 3 3 4 8 10 11 | 12 14 16 17 18 
Phila- | rs’ Loco.) Dannemora/ 
del; The Dickson Manufacturing Danforth Locomoti W. Mason hi 
Name and address of manufacturer Burnham, Parry, Williams, and Co., Baldwin Locomotive Works, Philadelphia, Pa. {sam} Company, Scranton, Pa. Works, Paterson, NJ. { — } Works, jana, 
Dom Central = : Paterson, N. J. Sweden 
Pedroll. Railroad West End Passenger) West End &M. 
Railroad for which engine is built ... Pennsylvanjia Railrosd | + poiroad ® Ditto (bd); = (2) ® )) (>) Seon, Or. } Mobile & Mont- 
SES mug ay ceo.) /€ ema 
Whether passenger or freight engine} Passenger | Freight Freight | Passenger | Mining Freight (¢) |Fast freight) Passenger | Passenger | Mining Freight Passenger (d) Mixed 
Whether tender or tank engine . Tender Tender Tender Tender Tank Tender Tender Tender Tank Tank Tank Tender Tank 
Width of gauze... fied 4 ft, 9in. 4in. oft. 5ft. Zin. 4ft. 8}in. 3 ft. 6in. 3 ft,0 in. 4f.8jin. | 4%. Sgin.| sftort. 3 ft. Cin. 3 ft. 0 in. 5ft.0in. 3 ft. 33 in, 





a 


Number of wheels in truck ... 
Diameter of ,, jb 
Materials of main wheels... 
Material of track wheels 


CRANK 


Diameter of bearing of driving axle 


Length of 7 ” 


Diameter of main cranit-pin bearing 


Length of ” » 





CYLINDERS: 
Position of cylinders ... 
Diameter of ,, 

Length of stroke oo owe 


VALVES AND VALVE GEAR: 
Length of steam ports ii <n 
Width of a ooo ood 


Width of exhaust port = 


Outside lapofwalve .. .. .— 


Inside, 2 = oo 
Travel of valve... 

Throw of eccentvies .. 

Type of valve gear . 
Positionef ,, 





BOILER AND FIREBOX: 


Maximum internal diameter of boiler 


Minimum e - 


Height of centre of boiler above rails} &ft 4; in. 
Length of firebox inside at bottom... 


Widthot ,, 


Height of firebox crown above grate 


Number of tubes ove ooo 
Outside diameter of tubes” ... 


Inside ~~ wr —~ ww 
Length of tubes between tube plates| 2° *t- 11 in. 


Roller material _ 


8 ft, 6in. 


Note (7) 


Outside 


Shifting link 


Inside frame 








62 in. 


Swing 


7 in. 
7é in. 
3z in. 
33 ir 


17in. 
24 in. 


16 in. 
lfin, 
2yin. 
Fin. 
6 
Sin, 
Sin. 


cast iron 


64 in, 
74 in. 
4} in. 
5 in. 


Outside 
20 in, 
24 in. 


174 in. 
1}in. 
2} in, 

fin. 
0 
5in, 
5in, 


Shifting link 
Inside frame 





13 ft. 8 in. 





7in, 
Sin. 
4} in. 
4} in, 


Outside 
18 in. 
24in. 


IGin. 
13 in. 
2} in. 
fin. 

vy in. 
5§ in. 
5in. 


Shifting link 
Inside frame 


62 in. 





Sft. 6in, 


Win 
lj in. 
24 in, 
Zin. 
vy 2. 
5} in. 
5 in, 


Shifting link 


Inside frame 


3 ft. 10 in. 
3ft. 10 in. 


4 
4 
30 in. 





No 


or 


4in, 
6in. 
23 in. 
3in. 


Outside 


Sin. 
12in. 


7} in. 
gin. 
Lain. 
ve in. 


vx in. 


2} in. 
2 in. 


Shifting link | 


Inside frame 





8 

6 

37 in. 
17 ft. 8 in. 
11 ft. 8 in. 
Yes 
Swing 
2 

24 in. 


cast iron 


Sin, 
7 in, 
3} in, 
34 in. 


Outside 
12 in. 
16 in. 


10 in. 
lin, 
2in. 

vs in. 
ds in. 

44 in. 

3} in. 

Shifting link 


17ft,5in.(@)} 8 ft. Oin. 


Shifting link |Shifting link 


‘Inside frame | Inside frame | Inside frame 





Cast iron bo 


7 in. 
8} in. 
4} in. 
4in. 


Outside 
17 in. 
24 in, 


16 in. 
1}in. 
2} in. 

Fin, 
in. 


43 in, 


Inside frame 








24in. 
dies and ste/e] tyres 
cast iron a 


Sin. 4} in. 

6} in. 6 in. 
3in, 3 in. 

3} in. 3in, 


Outside Outside 
11 in. 9in. 
16 in. 12 in. 


9} in. 6in, 
lin, }2 in. 
2 in, 14 in, 
fin fin, 
4} in. 3 in. 
Shifting link |Shifting link 


Inside frame 


| 4ft 43 in, 









































513 in. 55g in, 53 in, 503 in, 248 in, 394 in, 49 in, 33 in. 293 in. 
«Gin. 534 in. 50in, 473 in. 233 in, 373 in. 48 in. 33 in. 28¢ in. 
6 ft. 2 in, 6ft.5in. | 6ft, gin. | 6 ft. Qin. | Sft. 4pin. 4 ft. 93 in. 6ft.5in, | 4ft. llin. | 3ft 6} in. 
6 ft. Of in. 8 ft. Oin. Sft. Sin. 8ft.6in, | 2ft. 52in. 4 ft. 6} in. 8ft.9in. | 6 ft,0in. 2 ft. 10in. 
2ft. 10pin. | 2ft, 10pim. | 2ft. 11gin.| 2ft. opin. | 2ft. Ogin. 1 ft, 10} in. 2 ft. 9gin.| 1 ft, Shim. | 14%, 12g in. 
58in. & 36in. & ) | { 564 in. & 324 in. & 
ci x sie Ge ims a | ett Gin, 3 ft. 9 in, 4ft. 1p im. | 2 ft. 11g am. | 9 ft. 43 in. 
138 159 163 43 124 163 92 65 
24 in. 24 in. 2 in. 2in. 1} in. 14 in, ee 14 in. te 
2.022 in | 2.282 in. 1.782.i0. 1 729 in. _— ree: 
20 ft. 7in. | 12ft. 20in. | 11ft. 4gin. | 11 ft 2im. | 6 ft. Sin, 8 ft. Of in. 11 ft. éin | 8ft. Shin. | 7 ft. 4g in. 
Steel Steel Iron Steel Iron Iron Iron Iron Iron 





6 
6 
36 in, 
10 ft. 10 in, 
10 ft. 10 in. 
No 





stee] tyres 





4} in, 
6 in. 
Sin, 
2} in. 


Outside 
11 in. 
16 in, 


Sin. 
Zin. 
1} in. 
gin. 


3} in. 
‘Shitting link 
\Insids frame 


364 in. 
85} in. 


4 ft. 6 in. 
2 ft. 5 in. 
3ft. lin. 


92 
14 in. 











7 in. 
3 in. 
3 in. 


Outside 
ll in. 
16 in. 


9 in. 

lj in, 
2} in. 
iin. 
dyin, 

4 in. 
Tin. (A) 
Walschaert 
Outside 


384 in, 
35} in. 

4 ft. 10} in. 
3 ft. 8 in. 
2 ft. 9 in, 
3 ft. 9 in. 











56} in. (¢ ¢) 


21 ft, Sin. 


14} in. 
1y, in. 
2} in. 
fin. 
grin. (dd) 


5in, 


Shifting link 


Inside frame 


487, in. 
47 in. 


5 ft. 10g in. 
5 ft. 0in. 


2 ft. 11 in. 


56§ in. and 
rs .- (ee 


2 in. 





_ 
8 ft. Llin. 









31} in, 








12 ft, 2 in. 
5 ft, 10 in, 





No 








34 in. 
5g in. 
sin. 
3 in. 


Outside 
11 in. 
16 in. 





¢} in. 
1 in. 
2 in. 


Outside 





345 in, 


4 ft. 3 in. 
2 ft. 6 in, 
8 ft. Of in, 
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MARINE ENGINE BUILDERS AND THE 
BOARD OF TRADE. 

AT the request of the President of the Board of 
Trade, the Clyde engineers have stated in detail 
their objections to the ‘‘ Instructions” issued by the 
Marine Department of the Board of Trade to their 
surveyors, and these objections we published in extenso 
in our last number, page 561. The importance of 
the questions raised is pretty well understood by 
our readers. What is the proper scope of Govern- 
ment interference? ought the policy of Govern- 
ment to be to extend that interference to the utmost 
limit which the letter of the law can be interpreted 
to sanction, or ought it to be confined to such 
measures as are necessary for the prevention of 
risk to life at sea? This is the political or free trade 
aspect of the question. Are these “ Instructions” 
practically sound in principle and in detail? This 
is the engineering aspect of this dispute. 

No doubt itis the intention of every Government 
that the action of their inspectors shall be, in all 
cases, such that it will be felt by only those who 
are doing wrong. It is, however, just possible that 
under any set of inspectors, in the great revolution 
that has lately been accomplished in marine engine 
building, there must have sometimes arisen points 
of difference. Although there is really no more 
danger with high-pressure steam than there is with 
low pressure, where the vessels containing it are 
proportionately strengthened, the granting of a 
certificate for 100 lb. pressure will we think, 
nevertheless, always be felt by surveyors as a heavier 
responsibility than the granting of one for 20]b. 
If the difference that now undoubtedly exists be- 
tween the engineers in the north and the surveyors 
has arisen from an undue sense of responsibility 
on the part of the former, or from an over-zeal 
to do their work thoroughly, perhaps a repre- 
sentation of the difference, in this spirit, at 
head - quarters, would have been more likely 
to procure an adjustment agreeable to all parties, 
and affording sufficient margin of give and 
take to prevent the return of such misunderstand- 
ings. In this spirit we have read over and now 
mean to review some of those paragraphs of the 





Instructions which have been criticised in the Clyde 
report. 

The “Instructions” under consideration are ‘ In- 
structions to Surveyors of ships appointed by the 
Board of Trade,” and it is as such they ought to be 
criticised. They are not ‘‘ Instructions to Engine 
builders.” We cordially agree with the report that 
much of the detail of the Instructions might be 
omitted, but we doubt whether abstract een a 
enunciated without examples, as is recommended 
would be of great use for the guidance of surveyors. 
The rule for shafts is; we suppose, that here alluded 
to in the report. The parts of the marine engine 
and marine boiler that are most the subjects of 
calculation are generally of wrought iron, and can 
be very well divided under a few heads ; one of these 
is the nearly uniform strain of which the torsion of 
the shaft is an example, and instead of objecting to 
the definite limiting formula provided for shafts, it 
would we think be wiser to open up that formula to 
obtain from it the strain allowed in that case, say, 
9000 Ib. per — inch, and to look to that as an 
indication to the surveyor what static strain he may 
allow in other examples of nearly uniform strain, or 
of strain varying only in amount and not in direction. 
Some of the surveyors have for many years immedi- 
ately preceding their appointment been sea-going 
engineers with little or no experience in the 
numerical estimation of strength, and it must be 
valuable to such a one when beginning his inspecting 
to have even the few rough rules contained in the 
Instructions. He knows, that; these rules, whether 
absolutely correct or not, are at least workable, and 
there are few engineering books in the English 
language in the hands of practical engineers of which 
so much can be said. We have sometimes reviewed 
engineers’ pocket-books ; our readers may remember 
some of these, and we cannot help thinking that it 
would hardly be safe to trust a surveyor with any 
one of these instead of his book of instructions 
even in regard to the few engineering formule it 
contains, The formule in the Instructions when 
first published may contain errata, butthey are sure to 
be detected and corrected—this is not always the case 
with engineering pocket-books. The ventilation of 
the formule by the criticisms of the Glasgow engi- 
neers is also a great advantage to the surveyors, and 
to engineers in general, We donot think that engine 
builders on the Clyde can be in any way taught by 
surveyors, but we do think that a surveyor, if 
possessed of common intelligence, must see into the 
wear and tear of engines and boilers more fully than 
the many engineers who are mostly engaged in 
making new engines, which they seldom see after 
the trial trip. 

The first point to be examined is, whether the in- 
structions are substantially in accordance with cor- 
rect engineering knowledge. For this we need not 
do more than compare the statements of the Clyde 
engineers on the paragraphs they criticise with the 
paragraphs themselves, 

It is stated in the “Instructions” that the 
maximum strain on boiler stays should not exceed 
5000 Ib, for each effective square inch of area, 
It is objected to this, that this represents a factor 
of safety equal to 9 or 10 instead of 6, which is al- 
lowed for boiler shells. This requirement is for new 
boilers. If we turn to “‘ Bourne on the Steam En- 
gine,” we find he prescribes that the strain on the 
stays of marine boilers shall be limited to 3000 Ib. 

er effective square inch of section. This rule of 

ourne’s is quoted by Professor Rankine as worthy 
of notice. It appears then, that at this date, for 
some reason not indicated, the Board of Trade is sanc- 
tioning a strain 66 per cent. higher than that given 
in what was formerly a standard work on the 
steam engine. Stay strains do not act under the 
same conditions as the shell strains. According to 
how a stay is screwed up, will be the strain that will 
come upon it ; the strain can never be, with any cer- 
tainty, divided equally over the stays, hence the great 
reduction in the average strain allowed. Although 
the stays may be calculated for only 5000 Ib. strain, 
some of them may be subjected to double that strain 
when the steam is up. We have no doubt that a 
higher strain might with safety be allowed, but we 
understand that a certain reduction in section is 
always allowed before the pressure is reduced. As the 
stays are now mostly all screwed stays, with care a 
better equalisation of strain may be obtained than 
with pin stays, and, consequently, a higher average 
strain might be allowed without increase of danger. 

The most important paragraph in the Instructions 
is No. 90, and it is the one that has been most 
objected to. It is somewhat difficult to grasp all 





its details,‘so as to be able to judge of it as a whole. 
To enable us to see through it a little better, we 
have arranged the clauses of the paragraph in an- 
other form, and we give it below in that form, with 
its application to a boiler with the circumferential and 
pres sea seams lapped and double rivetted, made 
of plates punched before bending, and fired from both 
ends. The figures inthe last column are those inserted 
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for the particular boiler, for which the modified 
factor of safety has to be calculated, The modified 
factor of safety arrived at is 7.3. This has to be 
applied to the strength of the seam, allowing 23 tons 

er square inch as the strength of the iron, The 
ast clause of the table of increments to the factor 
of safety to be used in calculating the pressure to 
be allowed is one which can scarcely be meant to be 
literally enforced ; it is, however, one of which we do 
not propose to say more here, although we shall 
have to refer to it hereafter. 

The objections raised by the Clyde engineers 
to the Board of Trade rules for calculating factors 
of safety given in paragraph 90 of the “ Instruc- 
tions,” deserve more detailed discussion than we 
can give them on the present occasion, and we 
therefore propose in an early number to investigate 
them at length, taking into consideration the results 
of the experiments recently made by Messrs. J. 
Elder and Co., on the ultimate resistance of a 
marine boiler and superheater which had been six 
years in service. e may, however, make some 
general remarks on the value to be given to factors 
of safety for boilers. It must be remembered in 
criticising the Board of Trade “ Instructions” that 
precedent and precept on the part of the best 
authorities can found for a nominal factor of 
safety equal to eight to insure under the most 
unfavourable conditions a bursting pressure not less 
than six times the allowed working pressure. The 
Board of Trade rules appear to be founded on these 
authorities. We think, however, a lower actual 
factor of safety would be quite safe, and as ex- 

lained by us on page 416 of our last volume. 

r. Fletcher, of the Manchester Steam Users’ 
Association, considers a fourfold strength as suffi- 
cient. We think this a point that might very 
well be settled for the Board of Trade by some 
independent authorities outside the department, as 
proposed by the Clyde engineers. By adopting 
this suggestion the Board’s surveyors would be 
relieved of a great part of the responsibility now 
resting with them, forthey would then have to certify, 
not that the boiler was in their opinion sufficient for 
the service intended, but that in their opinion the 
boiler would not burst at less than a certain hydraulic 
pressure, . 

The rules in the ‘ Instructions” are intended for 
the cylindrical marine boilers now almost universally 
adopted, The seams of these, at least the longi- 
tudinal ones, are always double rivetted. The rules 
make the deduction for single rivetting twice over, 
and this we think must be an oversight. there 
are no single rivetted marine boilers coming under 
this rule the difference is practically of no import- 
ance, but unless there are ds for the double 
reduction unknown to us it is unreasonable, 

The only other paragraph of the Instructions on 
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which we propose to comment here, is the one refer. 
ring to dish ends. Under certain circumstances 
it seems the Instructions require dished ends to 
be stayed, and the memorialists represent that 
“« hitherto engineers have held the opinion that any 
portion of a sphere, made of plate suitable to the 
intended pressure and to the diameter of the sphere 
of which it is a portion, required no stays.” e are 
afraid that it will be difficult to substantiate this 
statement, and that almost the only engineer who 
will care to seriously maintain it is our contemporary 
The Engineer, who \ast week emphasises this criti- 
cisin thus: “ Any section, however small, of a sphere 
strained from the inside by an elastic fluid, will be 
subject to a tensile strain, and a tensile strain only. 
. . . Itistrue that steam receivers are always the 
better for a heavy longitudinal stay, but this stay is 
required to spare transverse seams of rivets some of 
the strain that would otherwise be brought on them, 
and for no other reason.” Now, what engineers do 
tell us about this is very different from the above. 
They say, that when a section of a hollow sphere 
is submitted to internal pressure, if at the circum- 
ference of the section itis held in position only by a 
force perpendicular tothe plane of the section, then the 
strain on any section through the centre of the 
segment of the sphere is such that on a dished end 
40 in. in diameter, having a rise at the centre of 
5 in., and subjected to a pressure of 60 Ib. per square 
inch, the total strain on that section is about 
80,000 Ib. compression, if the end is dished truly 
spherical, 

The problem here stated is a very simple one; 
draw the chord of the segment, and from its ex- 
tremities draw radii to the centre of the sphere. 
‘The compression strain is measured by the pressure 
over an area equal to that triangle, while the tensile 
strain on the same section is represented by the 
pressure per square inch over the area of the seg- 
ment of the circle formed by the dished end and its 
chord, The compression part is 90,000 Ib., and the 
tensile part is only about 80001b. In this example 
the compression strain cannot be wholly prevented 
unless the horizontal strain all round the dished 
end is equal to the whole internal pressure on 
18} in. length of the cylinder. Unless the flanges 
or angle irons at the circumference have a sufficient 
section to support this crushing strain, the dished 
end must bend at the circumference every time the 
pressure varies, and when the defect of resistance is 
of considerable amount the extent of this bendin 
must produce dangerous channelling of the dish 
end round the circumference, At page 132 of the 
first volume of ENnGingertne there are engravin 
of a gasholder, showing on Figs.2 and 7 a sub- 
stantial box girder running round the upper corner 
of the gasometer to take the compression off the 
balloon top. The gasometer top is, when the gas is 
in it, a dished end requiring an enormous horizontal 
force to keep it in shape. A similar requirement 
exists with dished ends in boiler construction, not 
always to such a degree as to require either extra 
flanges or staying, for staying may obviously be 
substituted for the compression rings. It is instruc- 
tive to read our contemporary’s criticisms on these 
*‘ Instructions.” He explains, that after all, these 
vessels with dished endsarethe better for aheavy stay 
just where the surveyors request it to be fitted, but, 
says TheEngineer, this is required “ to spare trans- 
verse seams of rivets some of the strain that would 
otherwise come on them, for no other reason.” 
Does our contemporary not know yet that the strain 
on the transverse seams of cylindrical vessels is 
just one half of that of the longitudinal seams? If 
heavy longitudinal stays are requisite to save the 
transverse seams, as the other seams have double 
their strain, the writer in our contemporary ‘‘ may 
= feel himself competent to teach a Caird, a 

Yapier, a Rowan, or a Simons” that cylindrical 
boilers would be improved by the addition of heavy 
transverse stays to spare the longitudinal seams some 
of the strain that now comes upon them Of course 
Board of Trade officials are not teachers of eminent 
engineers, but Zhe Engineer might be taught some- 
thing about boiler strains by any of the junior 
surveyors, We will return to this again. 





NOXIOUS MANUFACTURES. 
Desrire all the legislative enactments of the last 
and preceding years, little improvement seems to 
have arisen in districts where chemical manufactures 
are carried on, Much benefit has no doubt been 
derived from the Alkali Acts, a great diminution of 
escaping acid gases has been effected, but still the 


nuisance is very bad. Only last year the Noxious 
Nuisance Act came into operation, but its provi- 
sions seem to have been ome | inadequate to the 
exigencies of the case, although it apparently gave 
ample powers to local authorities to abate nuisances 
caused in their own or distant districts. As far as 
the metropolis is concerned, we have frequently 
called attention to the state of matters on each side 
of the Thames within the boundaries of the Metro- 
politan Board of Works. Here the Act has signally 
failed. 

The landowners and inhabitants of each bank of 
the Tyne some time ago took active measures to 
remedy the evils they suffer from, owing to the 
escape of gases and vapours from mineral and 
chemical factories on the banks of that river. 
The Duke of Northumberland lately a the 
question before the House of Lords. e laid 
on the table an address to Her Majesty, asking for 
a Royal Commission to inquire into the working and 
management of works and manufactures from which 
sulphurous acid, sulphuretted hydrogen, and am- 
moniacal or other gases and vapours are given off. 
It was also asked that the Commission should re- 
port on the means that could be adopted for the 
prevention of injury arising from the escape into the 
open air of these fumes in respect to animal and 
vegetable life, including both mineral and alkali 
works; and on the legislative measures requisite for 
that end. He pointed out that local interests greatly 
interfered to prevent the authorities taking active 
steps, and for that reason urged the appointment of 
a Commission. In an able speech the Archbishop 
of Canterbury pointed out the physical and moral 
evils that arose from such causes in the Thames dis- 
trict. Lord Aberdare also approved the appoint- 
ment of a Commission. 

In reply, the Duke of Richmond assured the 
House that the Government were fully alive to the 
importance of the subject. He feared that if addi- 
tional inspectors were appointed the result would be 
that the local authorities would thus shirk the re- 
sponsibility under which they were now legally 
sleesd. He showed that when such authorities were 
remiss the Local Government Board could and would 
step in to remedy the evil. Eventually he accepted 
the motion with the omission of the portion refer- 
ring to legislative enactments, and after some re- 
marks from the Lord Chancellor the motion was 
agreed to, and a good working committee appointed, 

We have thus another Royal Commission, despite 
the little value that has arisen from many previous 
similar appointments. Take for example the recent 
instance of the Rivers Pollution Commission. They 
have been issuing reports almost annually from 1870 
to the present year, yet no results have accrued. 
The Government brought in a Bill last session, and 
ended by withdrawing it. Although an immense 
amount of talk arose, yet this year the pollution of 
rivers was never named in the royal speech. Re- 
cently, however, a Bill was introduced into the 
Commons by Mr. Sclater-Booth, having for its 
object “ the better prevention of the pollution of 
rivers.” But it at present simply aims at preventing 
“solid” pollution, and really is one that even the 
most polluting manufacturer would gladly welcome. 
It appears to be of so milk-and-water a character 
as to have little value. Its provision we shall sub- 
sequently analyse. Already it has been surmised 
that this infantile measure cannot be passed this 
session for want of time. 

The Chief Inspector, appointed under the Alkali 
Acts, Dr. Angus Smith, has issued some excellent 
and exhaustive reports. In his last one, he 
enters into lengthened explanations of what has 
been and may be done in furtherance of the objects 
of the Acts. He states that as a rule the manu- 
facturers have spent large sums in improving their 
plant, not only to suppress existing nuisances but 
also with some expectation of getting a profit. In 
many districts the waste of chemical manufactures 
has been shot on to open ground, where, by the 
action of air and moisture, a constant exhalation of 
offensive gas has long been going on and is likely 
to continue. In fact, one of the great difficulties of 
the case is how to dispose of this waste, owing to the 
enormous quantity annually produced, A perusal 
of the Inspector’s reports by members of Parliament 
would do a great deal more good than a Royal 
Commission, for all the latter can do will be to 
get up evidence from which no new fact can possibly 
be extracted. 

The chief gases or vapours, as sulphurous acid, 





sulphuretted hydrogen, chlorine, &c., are all 
readily soluble in water, affording valuable com- 





mercial products; and nothing is required but 
that the owners of the factories or other works 
should be compelled to absorb them. When this 
course was e compulsory on the factories emit- 
ting muriatic acid, the alkali manufacturers saw 
nothing but ruin before them—they now thank the 
Acts for an actual and large profit. We want no 
Commission, but a strict enforcement of existing 
laws, which are sufficient for the purpose. 


THE ROYAL MINT. 

Tue sixth annual report of the Deputy-Master of 
the Mint is a model document, It is not too long, 
nor is it so brief as to be meagre. The interest of 
these reports is four-fold—viz., statistical, financial, 
metallurgical, and mechanical. The total number of 
British coins struck during 1875, the year to which 
the report relates, was 38,681,082, the aggregate 
value being 924,359/. 10s. 24d. This includes a very 
—7 contract for copper coin, value about 12,000/., 
whichwas executed by Messrs. Heaton, of Birmingham. 
No sovereigns were coined last year at the Mint, and 
the number of half-sovereigns issued was inconsider- 
able, the demand for gold being met by a large 
importation of Australian sovereigns. ‘The great 
pressure of work has prevented the Mint authorities 
from undertaking the execution of any colonial coin- 
age during the year, but large contracts have been 
entered into with private firms for the supply of the 
necessary specie. 

Viewed as a commercial speculation, the Royal 
Mint is more than self-supporting, and the accounts 
last year showed a balance on the right side of 
75,802/., after paying all expenses connected with 
the department. In 1872 the profits were 98,000/. 
The largest portion of this profit is due to the dif- 
ference in the ordinary market price of silver, and 
the rate at which it is issued to the public after it has 
been coined. For instance, the average price of 
silver during 1875 was 4s. 83d. per oz., and as silver 
coin is issued by the Mint at 5s. 6d. per ounce, the 
‘‘seignorage,” as it is called, or profit accruing to 
the'State, has been at the rate of 93d. per ounce, or 
16 percent. For some years past the price of silver 
has been gradually going down, consequently the 
rate of seignorage has been going up, and the profit 
made by the Mint has been increasing. Those who 
delight to spend their strength on the Currency 
Question, tell us that momentous results arise from 
a too large discrepancy between the real and nominal 
value of the coinage of a country, and this point is 
discussed at considerable length by Mr. Fremantle. 

The strictly mechanical portions of the report are, 
it must be confessed, not of very great importance. 
The chief addition to the machinery during the year 
consisted of one of Uhlhorn’s lever coining-presses, 
made by Messrs. Heaton, of Birmingham. Mr. Hill, 
the superintendent of the operative department, 
‘* cannot speak too highly of its performance.” The 
destruction of dies is considerably less than with the 
old-fashioned screw-presses in use in the Mint ; and 
whilst a screw press produced only 22,696 pieces 
with a single pair of dies, the Uhlhorn press turned 
out 35,920 pieces during the same period also with 
one pair of dies. The coins produced are superior 
in quality, and the lever-press is noiseless, whilst it 
does not require so much driving power. The 
coining machinery in use at the Mint can only be 
properly described by the word “ ramshackle,” and 
the officers appear to live in constant dread of 
break-downs. Last year it was necessary to 
cease work for three weeks whilst the machinery 
was being repaired. In 1874 coining operations 
were suspended for six weeks, and in 1873 for 
twelve weeks from the same cause. Mr. Fremantle 
has repeatedly drawn attention to the “serious 
risks to which the Mint is exposed from defective 
organization, and to the inadequacy of its present 
arrangements to meet the requirements of the pub- 
lic,” but the prospect of an entirely new building 
and machinery seems as remote as ever. The 
Deputy-Master does not, however, despair, and he 
again expresses ‘‘ the hope that the earliest oppor- 
tunity may be taken to secure a site to which the 
Mint may be removed, and to place it upon a footing 
which will enable it to discharge with efficiency the 
important duties committed to it.” 

“he practice of using thin silver bars has been 
attended with a notable economy. Formerly the 
bars were cast one inch in thickness, but latterly 
bars three-eighths thick have been employed. Much 
better fillets are obtained, whilst broken or split 
bars have entirely disappeared, and the use of the 
draw-bench has been discontinued. Under the old 
system it was not an uncommon circumstance to find 
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over 7,000 ounces in the turn-out of the day’s work 
rejected in consequence of the breaking or splitting 
of the bars, which were thus rendered unfit for 
being coined. The bars for the bronze coinage have 
likewise been reduced from half-an-inch to five- 
sixteenths of an inch in thickness, The process of 
blanching the silver and bronze blanks by the acid- 
bath has been abolished, and the new mode of an- 
nealing in copper tubes has been an 
adopted. This improvement is due to Mr. Hill, who 
made the ae in 1869. He states that it has 
never been the practice hitherto in any mint to dis- 
pense with the process of blanching, at all events 
when operating on a large scale. 

The Die Department has been called upon to pro- 
duce a very large amount of work during the year, 
no less than 3,557 matrices, punches, and dies of 
various denominations, having prepared for use, 
besides 37 medal punches and dies, and three dies 
for the Standards Department of the Board of Trade. 
The average number of pieces struck ay pair of 
dies in 1875 was 27,356, showing a slight improve- 
ment on the results obtained in 1874, and a consider- 
able increase on those of 1873, when the average was 
only 16,938. ‘The report admits that ‘the average 
production is still considerably below what it ought 
to be, in consequence of the continued difficulty 
experienced in procuring steel fit for die-sinking.” 

Whatever may be the defects in the mechanical 
arrangements of the Royal Mint, they do not seem 
to affect in the slightest degree the maintenance of 
the standard of our coinage, both as regards weight 
and fineness. The examination of the coin at the 
annual Trial of the Pyx, which is conducted in ac- 
cordance with the provisions of the Order in Council 
of June 29, 1871, is admitted to be of avery stringent 
nature. Those who have a passion for accuracy will 
find full satisfaction in the records of these trials, 
and the marvellous exactness with which the coining 
operations are conducted at the Royal Mint, The 


standard of fineness of gold coin is 916.66, or 22 
parts of pure gold in every 24 parts of the metal of 
which the coinage is made. A slight ‘‘ remedy” or 
variation from this standard is allowed, but of late 
years, at all events, the variation has always been 
well within the permitted limits, The memorandum 
of Mr. Roberts, chemist of the Mint, contains a 
very interesting diagram showing the variations of 
the coinage from the statutory standard during the 
last five years. Another curious point is also touched 
upon by Mr. Roberts. In the Trials of the Pyx not 
only are individual coins assayed, but an ingot is 
formed by melting together several coins taken at 
random from the bulk of the coinage of the year. 
Now the standard of the ingot so obtained is always 
slightly delow the average standard as given by the 
assay of individual coins. Mr. Roberts has set him- 
self to find out the reason of this, and, starting with 
the theory that the depression of standard exhibited 
by the ingot was due to the partial oxidation of the 
copper during the pouring of the molten metal, he 
devised a method of preventing, to a great extent, this 
supposed action of the oxygen of the air. The average 
composition of the coins experimented upon was 
916-72, and the mean of eight very concordant assays 
made on the ingot was 916-77, thus showing that the 
composition had only been elevated to the extent of 
zo0%s55ths. Although the question is of no import- 
ance to the public, since the mean of the assays on 
the ingots only exhibits a variation of 2% ,>ths 
or 13,ths of the ‘ remedy” allowed by law, the 
investigation is of importance to the department, 
and is of considerable scientific interest. 
further proof were wanting of the extreme accuracy 
of the British coinage we may mention that some 
time back the whole gold coinage of the year, 
amounting to 8,000,000/., was only one ounce short 
of the exact statutory weight. On another occasion 
when the turn-out amounted to nearly 7,000,000/., 
the weight was absolutely correct. 

Turning now to a less recondite portion of the 
report, we have to notice a very curious section on 
the manufacture of counterfeit coin. Some of the 
information on this head might perhaps have been 
omitted with advantage, lest it should induce any 
impecunious persons to try their hands on this 
species of fraud. Justice, however, more than 
keeps pace with the efforts of the coiner, and it is 
satisfactory to find that the number of offences 
against the coinage laws is steadily and rapidly de- 
creasing. It is well that the public should be in- 
formed that florins and shillings are the coins which 
are most frequently counterfeited. The instrument 
known as a “detector,” and used for bending coin, 








affords no proof that a piece is not genuine, and it 
is, moreover, illegal under the “Act to ent the 
defacing of the current coin of the ” passed 
in 1853. ‘‘Dumb” coins are not necessarily bad, 
and the practice of “ringing” is very liable to 
bring a piece into that condition by omne™. 

Blue-books are generally very hard and dry read- 
ing, presenting nothing but an arid desert of 
“‘ facts,” valuable, it is true, but useless as food, 
except to those who delight in very strong meat 
indeed. The report of the Deputy-Master of the 
Mint forms, however, an exception to the rule ; 
and Mr. Fremantle’s pamphlet of 55 octavo pages 
(published at the moderate price of threepence half- 
penny) might well furnish a text not for one but for 
several articles. 








LOCOMOTIVES AT THE PHILADELPHIA 
EXHIBITION.—No. I. 

WE have already remarked in one of our general 
articles on the Centennial Exhibition that the show 
of locomotives at Philadelphia is essentially an 
American one. In fact, with the exception of a 
small locomotive from Sweden, the whole of the 
locomotives exhibited are of American construction. 
That this should be so will no doubt decrease the 
interest of this section of the Exhibition to American 
visitors, but by visitors from Europe it will scarcely 
be regarded as a fault. At our own Exhibition of 
1862, at Paris in 1867, and at Vienna in 1873, Euro- 
pean railway engineers have had good opportunities 
of studying the varieties of locomotives in use on 
their own side of the Atlantic, but with the excep- 
tion of a single locomotive shown at Parisin 1867, 
American locomotive practice has been entirely un- 
represented at each of the exhibitions we have 
mentioned, and the pict | now afforded of 
studying that practice at Philadelphia will therefore 
be regarded with much interest. 

Through the courtesy of the makers we shall be 
enabled to illustrate in future numbers of ENGINEER- 
ING nearly the whole of the locomotives shown at 
Philadelphia, but before entering into a detailed ac- 
count of any particular engine we desire to lay before 
our readers some general particulars of the whole of 
the engines exhibited. For this purpose we have 
prepared a two-page Table containing the leading 

articulars of all the engines shown within the 

uilding, and this Table we publish with the present 
number. We also give on; page 10 aseries of out- 
line diagrams of the various engines, these diagrams 
being figured to correspond with the reference 
numbers at the head of the columns of our Table. 
The diagrams on page 10 are all drawn to the same 
scale, so that they not only convey a fair idea of the 
general arrangements of the engines, but also of their 
relative sizes. 

On reference to the diagrams just mentioned, the 
most striking feature which will be noticed is the 
almost universal employment of the bogie. Of the 
eighteen engines referred to in the Table, but four 
are unprovided with bogies, while of these four, one 
(the Swedish engine) is fitted with radial axle boxes, 
and of the three others two are small four-wheeled 
tank locomotives. The next feature which will 
probably be noticed is the large size—and in some 
cases peculiar form—of the fireboxes ~~ +o on 
the anthracite burning engines. With the excep- 
tion of the large grates required for the anthracite 
fuel, however, the proportions of the American 
locomotive boilers do not differ greatly from those 
adopted in English practice.* As regards the ma- 
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, however, there is a striking contrast, but 
one of the — exhibited having a copper fire- 
box, while in the whole of the engines the tubes are 
of iron, With the single exception mentioned the 
whole of the fireboxes are of steel. 

As regards general arrangement it will be noticed 
that all the engines have outside cylinders, and—with 
two exceptions—inside valve gear, inside cylinders 
being almost unknown in American practice, while 
outside valve gear is, so far as we are aware, only 
used in some narrow gauge engines, Of the eighteen 
engines enumerated in the Table eight are for gau 
between 3 ft, and 3 ft. 6in., one of these (made 4: 
Mr. W. Mason, of Taunton) being of the Fairlie type, 
a type of which Mr. Mason has now made a con- 
siderable number for use in the United States. The 
Fairlie engine exhibited, however, has but one steam 


* With regard to this we, may refer our readers to 
page 463 of our sixteenth volume, where we gave a summary 
of the proportions of some of our most recent of! loco- 
motives, and compared them with those of the inental 
engines shown at Vienna, 





bogie, the other bogie being merely a’ carryin 
truck, not fitted with steam cylinders . 

It is not our intention in the present article to in 
any way attempt to summarise the peculiarities of 
American locomotive practice, but , a8 we have 
said, to direct attention to some of the leading 
peculiarities recorded in our Table. In our next 
article we shall commence our detailed description 
of the engines exhibited, and we shall hereafter have 
something to say respecting the lessons to bedrawn 
from these locomotives. 


LITERATURE, 


An Elementary Treatise on Steam and the Steam Engine, 
Stationary and Portable (being an extension of the 
Elementary Treatise on Steam of Mr. John Sewell.) 
By D. KINNEAR CLARK, C.E., Memb. Inst. C.E. With 





numerous Illustrations. London: Lockwood and Co. 
[Price 38. 6d.) 
To produce a satisfactory elementary treatise on the 


steam engine is by no means an easy task, and the 
difficulty is certainly by no means lessened when it is 
attempted to found such a treatise upon a previous 
book which has become out of date, ‘This being so, 
the author of the work before us ought perhaps to 
be leniently criticised, for although not so good as 
we believe Mr. Clark could have produced had he 
written the whole work de novo, yet the book in 
several respects affords a pleasing contrast to many so- 
called ‘‘ revised editions,” which have of late years 
made their appearance. In fact, as Mr, Clark 
observes in his preface, ‘‘Mr. Sewell’s work has been 
‘recast, and to a considerable extent rewritten,” 
— a large amount of entirely new matter has been 


The first chapter, extending to 85 pages, and 
dealing with the history of steam and the steam 
engine, has been simplyreproduced from Mr. Sewell’s 
treatise, although it might, we think, have been very 
beneficially subjected to revision and condensation. 
The lengthy, and in some respects incorrect, de- 
scription of Ericsson’s hot air engine might well have 
been modified, and the concluding portion of the 
historical notice might have been advantageously 
brought down to a later date. The next chapter 
is a short one, treating of gases and their properties, 
and this is followed by one on air and pressure 
gauges, ‘To the composition of this latter chapter 
we must take exception, for while over two pages 
are devoted to an account of Dent's aneroid baro- 
meter—which has nothing to do with a steam engine 
—and descriptions are given of some absolute forms 
of pressure gauge, nothing whatever is said of the 
Bourdon gauge, or of other modern types now in 


use, 

Chapter IV. treats of water and its properties, 
and here under the head of ‘forcing power of 
“ water,” we find a devoted to recording the 
performances of hydraulic presses during the erec- 
tion of the Conway and Britannia tubular bridges. 
Why it should have been thought desirable to 
devote space to such a subject in an elementar 
treatise on the steam engine, we cannot understand, 
neither can we comprehend why Mr. Clark should 
allow the action of an hydraulic press to be ascribed 
merely to water “being almost incompressible.” 
In the sub-section relating to the ‘weight and 
‘*measure of water” we find it stated, evidently 
by a typographical error, that ‘“‘there are 62.355 
‘* gallons of water in one cubic foot.” The tables 
of measures of capacity which follow have 
been reproduced from Mr. Sewell’s book, the im- 

rial gallon being given as equal to 277.274 cubic 
inches, although the Act of Parliament which gave 
it that value has long been repealed. ‘The true 
value is 277.123 cubic inches, that being the correct 
me of 10 1b, of water at a temperature of 62 deg. 

The next chapter, which is devoted to heat, is 
for the most part reproduced from Mr. Sewell’s 
treatise, but it includes three new sections dealing 
respectively with ‘‘ the mechanical theory of heat ;” 
‘heat of combustion;” and a ‘summary of the 
chemistry of combustion,” and it has throughout 
been carefully revised. Chapter VI., dealing with 
coal and coke, elthough it has been rearranged, con- 
sists almost entirely of matter written by Mr. Sewell, 
the descriptions and engravings of the coke ovens 
being amongst other things reproduced from the 
book of 1852, and nothing being said about more 
modern arrangements. e succeeding chapter 
treating of peat isa new one. Chapters IX., X., 





and XL, are entitled respectively ‘‘ General Notions 
on Steam” (a somewhat singular title by the way) ; 
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‘‘ Investigations on the Properties of Steam ;” and 
‘Boiling Points,” and they include much matter 
reproduced from Mr. Sewell’s book that might well 
have been replaced by more modern information. — 

We now come to a part of the book which is 
entirely Mr. Clark’s own, and it is this part which 

justifies the opinion we have already expressed that 

ir. Clark would have done better if he had dis- 
carded Mr. Sewell’s treatise altogether. After a 
short chapter on the pressure and expansion of steam, 
and another on the flow of steam, which is written 
in accordance with the recently accepted laws, our 
author gives a chapter on steam boilers, in which 
the various chief types in use are succinctly de- 
scribed, and the strength of boilers is dealt with. 
Then comes a brief—too brief we think—chapter 
on sectional boilers, and this is succeeded by 
another short chapter, in which engines are classi- 
fied and defined, 

The five next chapters, which treat of the distri- 
bution of steam in a cylinder, the action of valves 
and gear, the indicator and the performance of 
steam used with and without expansion, are excel- 
lently written, and are, in fact, just what such 
chapters in an elementary treatise should be. ‘The 
same may also be said for Chapter XXIIL, dealing 
with compound engines, in the course of which 
Mr. Clark has with good judgment quoted largely 
from an excellent paper read by Mr, David Thomson 
in 1873, before the Loudon Association of Foremen 
Engineers, 

Chapter XXIV., and last, is a descriptive one, 
and contains an account of various types of 
stationary and portable engines. With this chapter 
we have several faults to find. ‘Thus in the first 
place, Mr. Clark commences by saying: ‘It has 
* been seen that the beam engine was the form of 
‘engine matured by James Watt, and the beam 
‘* has never ceased, since his time, to be a leading 
‘¢ feature in the modern steam engine.” Now it so 
happens that the absence of the beam is one of the 
most distinctive features of modern practice A 
few beam engines are still made it is true ; but their 
number is*exceedingly small, while such engines 
are daily being replaced by others of a direct-acting 
type, more suitable for the piston speeds now 
employed. Next we find our author describing the 
Saltaire engines, not as they now are, but as they 
used to exist prior to the application of the Corliss 
gear, no notice being taken of this important altera. 
tion. In the part of the chapter devoted to traction 
engines, too, we find no description of any recent 
type. Curiously enough, Mr. Clark, in his preface, 
speaks of ‘ that nearly forgotton class of labouring 
‘* machines—the traction engine” —and certainly 
the term “ nearly forgotton” would apply aptly to 
any class he describes. Why Mr. Clark should, 
however, speak of traction engines generally as 
‘*nearly forgotton” we cannot understand. ‘There 
was certainly never a time when more traction 
engines were made than now, and there is every 
reason to believe that such self-moving engines will 
eventually be employed for agricultural purposes, 
almost to the exclusion of the ordinary portable 
engine. This be'ng so, it is a pity that more recent 
atterns of such engines were not illustrated in the 
ook before us. ‘lhe most recent engines there 
shown are one of Messrs, Aveling and Porter's, with 
the small disc steering wheel in front, and one by 
Messrs, Robey and Co., with two pairs of pitch 
chains, both these being types which have for many 
years been discarded by their respective makers. 

We have now concluded our review of Mr. 
Clark's treatise, and from what we have said it will 
be seen that the work is a very unequal one. It 
contains much that is good and well arranged ; but 
it also contains much that is old, and much more 
that is, to some extent, out of place in such a 
treatise. About the details of engines—with the 
exception of the valve gear—nothing is said, while 
the description of the arrangements <f engines is 
very brief, and the question of their proportions is 
in no way dealt with. This is the more to be 
regretted, as Mr. Clark is an author quite capable 
of dealing with his subject thoroughly, and we 
cannot help thinking that in the present instance he 
has been overweighted by the desire to reproduce 
a greater proportion of Mr, Sewell’s treatise than it 
was really desirable to utilise. 





THE PoLLUTION oF Rrvers.—A public meeting of sani- 
tarians and ——. interested in riparian property, will 
be held on Thursday next, at 20’clock, in St. James’s Hall, 
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NOTES FROM THE NORTH. 
Giaseow, Wednesday. 
Glasgow Pig Iron Market.—The pig-iron market was 
steady on Thursday forenoon, with a small amount of busi- 
ness done in warrants at 57s. 6d. and 57s. 64d. cash, closing 
sellers at the former and buyers at the latter. Quietness 
reigned in the afternoon, no business was reported, and 
prices remained as at the close of the forenoon market. 
There was a decided flatness cn Friday forenoon, with a 
limited business done in warrants at 57s. 44d. cash, closing 
rather sellers, buyers offering 57s. 3d.; and the market 
continued flat in the afternoon with no alteration in prices. 
The flatness was even increased on Monday forenoon, still 
a large amount of business was done at 57s. and 56s. 11d. 
cash, closing buyers over at 57s., sellers 57s. 14d. There 
was a steady market during the afternoon, without change 
from the forenoon prices. A quiet business was done 
yesterday forenoon at 57s. and 56s. 11d., the market closing 
with buyers at 56s. 10jd. cash, sellers 57s. The afternoon 
market continued quiet, sellers asking 56s. 10}d. cash, 
buyers offering 56s. 9d. Flatness was again the rule this 
forenoon, and a large business was done in warrants at 
57s. 9d. one month open, and 57s. 9d. to 57s. 8d. cash, 
closing buyers at the latter, sellers 57s. 9d. cash. There 
was practically no change in the afternoon. Lower prices 
are anticipated on a number of hands. A considerable 
quantity of iron has been sent into the warrant stores 
} vo the last week or ten days. Messrs. Connal and 
Co., in their monthly circular dated the first of July state 
that the stock then in store was 65,330 tons, being an in- 
crease of 1802 tons, with warrants in circulation for 
55,800 tons, and the last month’s fluctuations in prices onl 
amounted to 6d. per ton. The shipments for last wee 
were 9548 tons as against 14,101 tons in the corresponding 
week of last year. Up till the 1st of July there had been a 
falling-off in the shipments to the extent of 47,376 tons from 
last Christmas. 


Water Pipes for Rio Janeiro.—A contract for water pipes 
has just been placed in Glasgow, which, for its extent, its 
money value, and its importance from coming just at the 
very time when it was most wanted, is, we & nal quite 
unparalleled in the{history of the pipe-founding trade. It 
is one for 80,000 tons, and is intended for a great water 
supply scheme which is projected for the city of Rio de 
Janeiro, and we understand that the contract price for the 
pipes delivered at that port is about 1,700,000I. ; so that in 
various respects it is an order whose importance can 
scarcely be over-estimated in the present depressed condition 
of most branches of the iron industries. As many of our 
readers are well aware, Glasgow has long been the principal 
seat of the pipe-founding trade, both for our extensive home 
demands and for exportation to almost all parts of the 
world. For along time that branch of trade has been very 
busy, but latterly the various pipe-founding firms have been 
growing anxious as to the immediate future. This contract, 

owever, now removés much of the anxiety which existed. 
When it became known, a few months ago, that there was 
a contract of very gigantic proportions for water pipes about 
to be thrown upon the market, pipe-founders both at home 
and abroad, iron merchants, and other interested persons, 
did their best by instituting inquiries and opening negotia- 
tions to determine the direction in which it should go; but 
when the principal contractor became thoroughly assured 
that in Glasgow alone were there the requisite facilities for 
taking in hand such an immense order, so as to execute it 
with the necessary prompitude and on such advantageous 
terms as seemed in his eyes to be a sine gud non, he showed 
a leaning in favour of the offerfromthat city. Practically, 
we believe, there was only one genuine offer from Glasgow, 
because it was found that the order was one of such unusual 
proportions as to require that it should be taken in hand by 
the three leading pipe-founding firms in alliance. Eventually 
the order was taken by Messrs. R. Laidlaw and Sons, for 
themselves, and by concert with Messrs. Thomas Edington 
and Son and Messrs. D. Y. Stewart, both of which firms 
have such facilities for a large turn-out in this branch of 
manufacture as are not excelled, if even equalled, by those 
of any other firm in the kingdom. For several years they 
have been jointly engaged in carrying out some very large 
water works contracts, and now for the first time in con- 
nexion with such contracts there are to be leagued together 
no fewer than three eminent s. The scheme for 





to consider the question of River Pollution, and especially 
the provisions of Mr. Sclater-Booth’s Bill. 


furnishing Rio de Janeiro with an abundart supply of water 


Theory of 


capital for ing out that undertaking is to be provided 
exclusively b: Brasil out of her own resources, without the 


necessity for having recourse to the London money market. 
The chief contractor is Signor Gabrielli, an Italian gentle- 
man, but also a British subject. He is well known asa con- 
tractor, three of his undertakings being the Vienna Water 
Works, and the new dock works at Malta and Chatham. 
There are to be two conduits leading from the reservoir or 
source of supply to the City of Rio de Janeiro, and the 
present contract is limited to supplying the pipes for the 
same, the area of distribution within the city being already 
completely and efficiently laid with mains. The pipes just 
poem in | for are chiefly 314 in. in diameter, only about 
10 per cent. of the whole being of smaller sizes. Within 
the next couple of months or so the delivery will be com- 
menced, and it will be continued in r quantities over 
a period of two-and-a-half years from the time of closing 
the contract. As this is such an exceptional stroke of 
business in connexion with the iron trade we feel bound to 
offer our congratulations to the Glasgow pipe-founders who 
have been so fortunate in securing the order. Let us hope 
that it may be a profitable one to all concerned. 


Pig Iron Prices and the Great Pipe Contract.—Under 
ordinary circumstances the knowledge of the fact that an 
order for 80,000 tons of cast-iron pipes had been placed in 
Glasgow would have caused an immense amount of excite- 
ment amongst the iron merchants meeting on ’Change, and 
prices would have gone up; but the several contracting 
firms were discreet enough to secure their pig iron quietly 
before the information was ‘‘ blown.”’ 


The New Water Works for Dundee and the Contractors’ 
Claims.—A meeting of the Works Committee of the Dun- 
dee Water Commission took place yesterday forenoon, 
when the claims of the contractors for the Lintrathen 
Water Works were considered. The claims for extra work 
amount to upwards of 20,0007. In the afternoon the com- 
mittee again met, when these were also present. Two 
members attended from each of the contracting firms (both 
hailing from Glasgow), and a long conference took place ; 
but it terminated without any arrangement being come to. 


Proposed Steam Tramway between Aberdeen and Peter- 
head.—A preliminary meeting of gentlemen interested in 
the proposed formation of a steam tramway between Aber- 
deen and Peterhead by way of the new bridge across the 
Ythan at Newburgh, was held yesterday afternoon in the 
chambers of Sir Kies. Anderson, Aberdeen. Mr. Coch- 
rane, Little Hadow, occupied the chair. Mr. Caddell 
Bruee, C.E., Edinburgh, submitted a report on the subject, 
from which it appeared that the district is exceedingly 
populous and has a large general trade, especially in gra- 
nite, but is many miles from the railway. The length of 
the tramway would be 33 miles, and the estimated cost 
1000/. per mile, 2501. per mile being required in addition to 
the construction of sidings and stations, exclusive of the 
terminus at Aberdeen. The mechanical power to be used 
would be Porteous and Bruce’s patent smokeless and noise- 
less engine. Ultimately a highly influential and represen- 
tative committee was p Medeor | to verify the estimate of 
cost and make the necessary inquiries. 


Trials of Agricultural Implements.—Under the auspices 
of the Glasgow Farmers’ Society, an interesting trial of 
mowing machines took place yesterday near Glasgow. 
There were thirteen competitors, and the awards were—1. 
(gold medal) Harrison, Macgregor, and Company, Leigh 
Lancashire (Albion combined reaper and mower) ; 2 (gold 
medal) Walter A. Wood; 3. (gold medal) W. Anson 
Wood. Prizes were also given to the three best drivers. 


Tay Bridge Works.—Last Friday morning one of the 
great piers of the Tay Bridge was successfully floated to its 
place on the north side of the river. There are fourteen of 
those piers, all of which are sunk in the deepest part of the 
Tay. Already seven have been putin position—four on the 
north and three on the south side. Some idea of the diffi- 
culty attending the deposit may be gathered when it is 
stated that each of these columns is of solid ,brick and 
cement, of the height of about 45ft., and weighing som 

150 tons. A party of twenty gentlemen, chiefly directors 
of the Midland Railway Company, were present while the 
pier was being floated out and = Bee in position. After 
witnessing the operation, they made a general inspection 
of the unde: ing, and expressed their surprise at the 
stability of the work and the admirable way in which it 
was being carried on. They left early in the afternoon 
highly gratified with the result of their short visit. 





Tue Parent Law AMENDMENT BILL.—At a meeting 
of patentees and others interested, held at the Patent 
Office, 2, Nassau Street, Dublin, on the 4th inst., BR. E. 
Donovan, Esq., in the chair, and J. A. Fahie, acting as 
hon. secretary, a petition in reference to certain clauses in 
the above Bill was agreed to, and ordered to be forwarded 
to Sir Arthur E. Guiness, Bart., for presentation to the 
House of Commons. 


Tue Patent Bruu.—According to the last published 
report on public petitions, only one petition any re- 


sented in favour of the Patent Bill, 33 praying for various 
alterations (in some cases so extensive as to strike at the 
root of every — of the Bill), one asking that the 
Bill do not pass, and one for referring it to a Select Com- 
mittee. The Bill has been down for the second reading on 
nearly every Thursday night for months past, but the time 
has now arrived when the Government may reasonably be 
called upon to declare their intentions with regard to it. 
There is very little chance indeed that the Bill will make 
any further progress, unless the Ministry is prepared to 
sacrifice other measures in which great public interest is 
manifested just now. Perhaps Mr. Mundella or Mr. Dill- 


wyn, both of whom have motions on the notice paper, will 
General. 





is an undertaking of the Brazilian Government, and all the 


undertake to put a question to the Attorney- 
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NOTES FROM THE SOUTH-WEST. 
Bristol Water Supply.—There is a Bon pes that new 
water works for Bristol are being projected, the supply to 
be pumped from iron mines at Frampton Cotterell, which 
are nearly worked out. 


South Wales Coal.—Trade at Cardiff is in an unsatis- 
factory condition. The exports still reach a high figure, 
although there is a considerable falling off as compared 
with last week. But this apparent activity does not gene- 
rally bring profitable results. Prices have fallen in many 
cases below the line which divides profit from loss. More 
than one coal-producing firm is limiting its output, in order 
to reduce as far as possible the loss resulting from expensive 
workings. The foreign demand is not particularly good ; 
but even if it were better than it is, many local coal mines 
would be working at a loss. 


Coal Winnvng.—Messrs. Lewis and Evans, proprietors 
of the Llantwit Colliery, have again proved the Llantwit 
9ft. seam at their Glanant pit. This seam is justly con- 
sidered the best in the South Wales house-coal field. 


South Wales Atlantic Steamship Company.—We are 
informed that the steamships Glamorgan and Pembroke, 
formerly running between Cardiff and New York, have 
been sold to a Liverpool firm for 52,0001., and that they will 
in future be engaged in the East Indian trade, sailing from 
Liverpool. 


Wagon Building in the Forest of Dean.—The mechanics 
in the employment of the Newnham and Bullo Wagon 
Works Company, Forest of Dean, have commenced on an 
increase of three hours per week. The scale of wages re- 
mains unaltered. 


Ebbw Vale Steel, Iron, and Coal Company.—The annual 
meeting of this company was held on Tuesday at Man- 
chester. The chairman (Mr. Alderman Curtis) gave a lucid 
statement of the position and prospects of the company, 
and Mr. Stretton afterwards proposed the appointment of a 
committee to at once confer with the directors as to the best 
means of strengthening the board of directors by the elec- 
tion of gentlemen conversant with the iron and coal trades, 
and also to consider as to the future management of the 
company. This was agreed to, and the meeting was ad- 
journed for the reception of the committee’s report. 


Mining in the West.—The mineral statistics of the two 
western counties, which Dr. Le Neve Foster has just 
issued, are far from cheering. The number of mines work- 
ing in Cornwall and Devon last year was 259, and 22,134 
persons were employed, being 2132 fewer than in the pre- 
vious year. ‘The tutwork men earned monthly on an 
average 31. 10s. as compared with 41. 1s. 6d. two years ago. 
Of block tin Cornwall produced 769 tons less in 1875 than 
in 1876, although the quality of tin stone raised was 
43.09 greater. On the other hand, there has been a large 
increase under the heads of arsenical pyrites and zinc ore ; 
but the amount of arsenic raised in Devon is 600 tons less, 
though Cornwall has increased its supply. Copper ore, 
iron ore, and lead ore have also fallen off. Accidents are 
somewhat more frequent, and one boiler explosion arose 
from ‘‘ disgraceful fool-hardiness.”’ 


Loughor.—The depression in the tin-plate trade at this 
place continues. The Yspitty tin works have only worked 
one week for the past three weeks, and it is now rumoured 
that they will be idle for the next fortnight. The Wain 
Colliery Company have lately won the 4 ft. seam at Upper 
Loughor, and are now contemplating making a branch line 
from the colliery to the mainline of the Great Western 
Railway Company. The Broad Oak Coal Company have 
been working well for the past few weeks. 


Nantymoel.—The colliers at the Wyndham pits brought 
their tools out on Saturday, the notice having then ter- 
minated. Several of the men have found employment else- 
where, but the majority can be said to have no prospect 
in view until the Wyndham pits start again. About 400 
persons have been thrown out of employment owing to the 
stoppage of this extensive colliery. 


New Tredegar.—On Friday, in consequence of a dis- 
agreement having arisen at Powell’s Duffryn Pit, New 
Tredegar, a large number of workmen brought out their 
tools, according to a decision which had been arrived at on 
the Thursday previous to strike against a scheme adopted 
by the company for weighing small coal brought to bank 
in trams. The men not being unanimous on the subject, a 
meeting was held on Saturday morning, and a deputation 
having waited on the manager, the difference which 
existed was removed, by the substitution of an inch screen 
for a 2-in. screen formerly used, and which was the chief 
source of complaint by the workmen. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Davey Brothers and Company (Limited), Sheffield.—The 
annual report of the directors of this large engineering con- 
cern refers to the total collapse of the North of England 
iron trade, and to the general depression of trade. A 
dividend of 21s. per share is now recommended, making 
with the interim dividend 8 per cent. for the year. All the 
plant has been efficiently maintained. 


The Leeds Water Works System.—In addition to the en- 
largement of the Eccup reservoir mentioned last week, it 
has been resolved to reconstruct the Stubhouse conduit, 
which is out of yee and insufficient, either by forming a 
larger conduit or by laying a line of iron pipes; to pur- 
chase land adjacent to the Weetwood filter for future 
enlargements ; and to J erg plots of land for additional 
service reservoirs at Tinshill, Harehills, Wortley, Annley, 
Beeston, and Windmill Hill (Hunslet). It is also proposed 
to obtain powers to supply local boards and sanitary autho- 
rities by meter. 








Colliery Managers’ Examination at Leeds.—An examina- 
tion of candidates for certificates as colliery managers under 
the Coal Mines Regulation Act took place on Tuesday at 
Leeds, the examiners being Mr. T. W. Embleton and Mr. 
Thomas Carrington, mining engineers, and Mr. W. Evans, 
manager of mines. The subjects were ordi arithmetic, 
surveying, levelling, dialling (by both fast and loose needle), 
testing of instruments for surveying, plotting, workin 
plans and sections, ventilation, air, gases, practica 
mechanics, winning and working of coal, the Act of 1872, 
and the special rules in force in the district. 


The Water Supply of Heanor.—It has been resolved to 
erect auxiliary water works at Heanor at a cost of about 
80001., the present sources of supply only affording about 
five gallons per head perdiem. ‘The additional land will be 
bought from the Butterley Iron Company at about 2s. per 

ard, and it is understood that the works will be put in 
and at once. 


The Wakefield Water Works Undertaking.—A special 
meeting of the Wakefield Town Council was held last week 
for the purpose of considering certain negotiations which had 
been entered into for the purchase of all the rights, works, 
&c., of the Wakefield Water Works Company. It was 
shown that the committee which had had the matter in hand 
recommended the paymentof 481. for each original 252. share, 
241. for each original 121. 10s. share, and 111. for each 101. 
share. The meeting discussed the matter at great length, 
and ultimately decided in favour of the proposal by a 
majority of twelve votes to eight. The cost of the pur- 
chase will be about 200,000. 


The New Manver’s Main Colliery.—The new pit of the 
Manver’s Main Colliery Company, near Mexborough, is 
now completed so far as to allow of coal getting, which wi 
be commenced to-morrow. The seam worked is the Barnsley, 
eres 8 ft. 6 in. in thickness and ata depth of about 200 
yards, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday at the weekly 
iron market there was an average attendance, but again 
the amount of business was exceedingly small. Makers 
asked 45s. 6d. per ton for No. 3 Cleveland pig iron, but 
brokers quoted that quality as low as 45s., and in some in- 
stances declared that for prompt payment business could be 
done for less money. The pig trade is in a very sluggish 
condition, as will be seen from the official returns. 


The Make and Disposal of Pig Iron.—The official returns 
of the Cleveland Ironmasters’ Association, showing the make 
and disposal of pig iron up to the end of June, have just 
been published. From these returns it appears that of 158 
blast furnaces 117 are in operation, 41 being idle. There 
are three new furnaces in course of erection. Itis estimated 
that each furnace costs about 25,0001. 


Contemplated Reduction of Wages.—The continued de- 
pression in the iron trade has caused the pig makers to 
seriously consider the cost of production. With the view 
to lessening the cost, it is whispered that the masters in- 
tend giving notice to the blast furnace men proposing a 
reduction of 10 per cent. in their wages. 


The Finished Iron Trade.—There is more hope that the 
finished iron trade will soon revive. It is encouraging that 
the Consett Iron Company have recently secured an Ame- 
rican order for rails. Boleckow, Vaughan, and Co., too, have 
gota rail order for the North Eastern mom | Company, 
which will keep their works at Middlesbrough in opera- 
tion. Only a week or two ago the mills and forges were 
to be closed by this firm for want of orders. 


The West Marsh Works-—These works, situate at Mid- 
dlesbrough, which, it will be recollected, stood idle so long, 
have been purchased by Messrs. Dorman, Long, and Co., 
and will be started by these gentlemen. 

Engineering and Shipbuilding. —In these important 
branches of industry there is nothing new. Business is 
very flat. 


The Coal and Coke Trades.—There is no change in the 
coal and coke trades. 











FOREIGN AND COLONIAL NOTES. 
Working Expenses on the Ciudad Real and Badajoz.— 
The net profits realised on the Ciudad Real and Badajoz 
Railway in 1870 were 14,890/. ; in 1875, the corresponding 
profits rose to 54,3951. The ratio of the working expenses 
to the traffic receipts has been as follows during the last 
six years: In 1870, 83.88 per cent.; in 1871, 69.27 per 
cent. ; in 1872, 65.07 per cent; in 1873, 57.51 per cent. ; 

in 1874, 59.42 per cent. ; and in 1875, 60.91 per cent. 


Dunkerque.—W orks for deepening the port of Dunkerque 
are in full activity. A dredger similar to the dredgers em- 
ployed in the execution of the Suez Canal has been in 
operation for some little time, and removes every day from 
the channel a considerable quantity of sand. ‘The works of 
a new basin are also being carried on with vigour. 

Coal at Boston.—Sales of English, Scotch, and American 
cannel have been confined to small lots. Nova Scotian coal 
has been quiet at Boston, and no sales of importance have 
been made of late. Cumberland (Maryland) coal has ruled 
low at shipping points, and considerable sales have been 
made on private terms. Anthracite coal has been dull at 
Boston, and both shippers and retailers have reported a 

ight business. Retail sales of anthracite coal have been 
ected at 7 dols. to 74 dols. per ton. 

Madrid, Saragossa, and Alicante Railway.—This com- 
pany is profiting materially from the cessation of the war 
in Spain. The increase in the receipts thus far this year is 








officially returned at a trifle over 90,0001. The shareholders 
received no dividends for many years, but for 1875 a distri- 
bution is to be made upon the’ share capital at the respec- 
table rate of 44 per cent. per annum. 


New Zealand Steel.—The Titanic Steel Company’s works 
at Taranaki, New Zealand, are reported to be “‘ practically 
completed.”’ 


American Mercury.—The new Almaden mines of mer- 
cury have yielded 46,393,654 lb. of mercury since 1853. 
These mines are near San José, California ; they are 1300 ft. 
deep, and they employ about 600 men. The mining opera- 
tions carried on from January, 1864, to December, 1875, 
cost 1,000,000 dols. 


Permanent Way on the Madras.—The expenditure 
made by the Madras Railway Company in the second half 
of 1875 in the maintenance of its way, works, and stations 
was 73,8031. This total did not include a special outlay 
made for the reconstruction of bridges ; at the same time, 
12,4521, was expended during the six months upon bridges 
and tunnels, and was included in the total of 73,8031. The 
extent of line maintained during the half-year was 940 miles. 


Coal in France.—Speaking at the recent Douai mineral 
congress, M. Gruner, the president, observed that the pro- 
duction of coal in the basin of the Nord might possibly be 
largely increased. On the other hand, M. Gruner considered 
that the production of the basin of the Loire had reached 
its maximum. 


The Messageries Maritimes.—The value of the fleet of 
the Messageries Maritimes was officially estimated at the 
close of 1875 at 4,342,6531., or 10,242/. less than the corres- 
ponding value at the close of 1874. Two steamers of first- 
class dimensions were brought into operation last year, viz., 
the Djemnah and the Equateur. ‘he first will run to 
Shanghai and the second to La Plata. 


Indian Railway Extension.—The Secretary of State for 
India in Council has sanctioned an extension of the Dakor 
Branch of the Bombay, Baroda, and Central India Railway 
for 14 miles to Palee, and the directors have accepted the 
extension as an addition to the undertaking of the Bombay, 
Baroda, and Central India Railway Company. The works 
have been let by contract; itis estimated that the cost 
will be about 40001. per mile. 


Ipswich (Queensland) Water Supply.—Arrangements 
are being made for securing an iaapeeren water supply for 
Ipswich, Queensland. The cost of the works contemplated 
is estimated at nearly 25,0001. 

Locomotives for the Central Pacific.—The Danforth 
Locomotive and Machine Company at Paterson, New 
Jersey, is building ten heavy locomotives for the Central 
Pacific Railroad Company. 








Tue Portruaursse IRoncLAD, Vasco DE GamMA.—An 
ironclad vessel, which is to be the first ironclad possessed 
by the Portuguese Government, and to which the name of 
the Vasco de Gama has been given, had a successful trial 
trip on Saturday. She has been built by the Thames Iron- 
works Shipbuilding Company, with engines by Messrs. 
Humphrys and Tennant. A model of her is to be seen in 
the Loan Collection of Scientific Apparatus at South Ken- 
sington, and another was shown by the King of Portugal 
to the Prince of Wales on his recent visit to Lisbon. ‘The 
Vasco de Gama is a swift, handy, and powerful sea-goin 
ironclad, mainly intended for the defence of the Tagus an 
of Lisbon Harbour. Her displacement to: is 2479 
tons. Her length over all is 216 ft. ; her breadth, 40ft. ; 
her depth is 25 feet. She is fitted with a ram, and has in 
her fixed octagonal battery, which projects beyond the 
sides between funnel and forecastle, two rifled Krupp 
400-pounders, firing ahead, which can be so trailed that the 
shot will converge ata distance of 300 yards. The 
are of 26 centimetres. They-are made of cast steel. There 
is also a stern-chaser, throwing shot of 110 lb. It is of 15 
centimétres bore, and, acting in ‘conjunction with the turret 
guns at after ports, it can converge with either of them 
upon an object at 90 yards’ distance. An all-round fire is 
thus attained. Four smaller are provided for sig- 
nalling and other purposes. She also carries a Gatling 
gun, by Armstrong. Great care has been taken in strength- 
ening the bow, the armour-line being carried down to the 
extreme point of the ram, which is 8 ft. below the water- 
line. The ram will thus be firmly supported, and the acci- 
dent of shots piercing the hull when the bow lifts on the 
crest of a wave will not be likely to occur. There is a 
raised forecastle forward, which was designed for 
protection against the heavy seas sometimes to be en- 
countered at the mouth of the T: . A poop aft covers 
the stern gun, The vessel is nal neon the cellular prin- 
ciple, with double-bottom, iron water-tight decks and bulk- 
heads, having in all 47 iron water-tight compartments. 
She is fitted with three masts, and the foremost is square- 
rigged, so that the Vasco de Gama will be capable of cruis- 
ing to the Azores or to any part of the Portuguese colonies. 
Her draught is 19-ft. aft and 16 ft. 10 in. forward—that is, 
with 700 round of shot and 50 tons of coal in her, and with 
all her water and stores onboard. The engines are vertical 
twin-screw engines, constructed by Messrs. — s and 
Tennant, according to the regulations applicable to engines 
for the vessels of our own Government. Their nominal 
horse-power is 450; they developed 3625 horse-power 
during the trial. The vessel, with her engines, cost about 
125,0001. The Vasco de Gama left the Government moor- 
ings at Sheerness between 4 and 5 on Saturday afternoon 
and reached the Maplin just before 5. She made four trial 
trips, the wind blowimg up and down the course, a direction 
considered less favourable than when it blows athwart. The 
tide was running up. The — 8 attai was at 
the rate of 134 knots per hour. The ship turned in 430 ft., 
and occupied on the average about four minutes in the 
operation.—Times. EEE 
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REILLY'S COMBINED BOILER SETTING 
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We have recently had brought under our notice a novel 
arrangement of boiler setting, or rather a kind of economiser 
which also forms a setting, which has been designed and 
patented by Mr. James Reilly, of the new Globe Mahogany 
Chair Works, Manchester. Mr. Reilly is also the proprietor 
of the Pomona Gardens, Manchester, where, it will be re- 
membered, he organised last year and the year previous 
well-arranged exhibitions of machine tools, engines, and 
other objects of engineering interest. A boiler, provided 
with the setting or economiser above referred to, has been 
erected and put to work at the New Globe Mahogany Chair 
Works, and it is of this boiler and of some results obtained 
with it that we propose now to speak. 

The boiler in questidn is of the new Galloway type, and 
is 18 ft. long by 6 ft. Gin. in diameter. It has two furnaces 
each 2 ft. 7 in. in diameter, opening into a combustion 
chamber which extends the remainder of the length of the 
boiler, this combustion chamber being traversed vertically 
by 17 Galloway tubes. Instead of being set in brickwork 
as usual, the boiler, which is worked at a pressure of 50 Ib. 
per square inch, is supported by the water-casing constructed 
on Mr. Reilly's plan, this casing, which is worked at a pres- 
sure of about 20 Ib. per square inch, constituting the setting 
and also forming a water-heater or economiser. The ar- 
rangement is shown by the illustration annexed, in which Figs. 
1 and 2 are respectively an elevation and plan of the boiler 
with the casing in section, while Figs. 3 and 4 are a couple of 
cross sections. As shown in these views, the boiler marked 
a is enclosed in an iron casing having hollow sides 5, a hol- 
low bottom c, and a hollow back enc d, the bottom being so 
formed as to have hollow standards ¢ forming the seatings 
or supports of the boiler. For allowing water to circulate 
from the sides to the bottom, and to maintain strength, cross 
pipes / are fixed asshown. In the particular arrangement 
shown the casing is supported on metal cross frames g placed 
in a pit below the floor line 4, the meta) being coated as 
required by fireclay or firebricks, while in the hollow back 
end there are horizontal tubes i through which the products 
of combustion pass on their way tothe chimney. At the 
back of the flues & in the boiler there is a firebrick wall /, 
between the boiler and the back end of the casing, in order 
to form a down flue from the boiler to the passage m be- 
tween the longitudinal seatings or supports e. From this 
bottom flue the hot gases pass to the flues n between the 
casing and boiler and through the horizontal tubes i, from 
whence it returns through the central flue o below the casing 
to the side flue p, and from thence to the chimney. The 
pressure in the casing being lower than in the boiler, the 
temperature of the contained water is lower also, and it is 
therefore better able to take up beat from the product of 
combustion at the latter part of their run. Of course the 
difference of pressure in the boiler and casing renders it 
necessary to pump the feed into the latter and then repump 
it from the casing into the boiler. 

The boiler which has been erected by Mr. Reilly, and of 








which we have just been speaking, has 24 square feet of 
grate area, and the heating surface is as follows :— 


Roof and sides of furnaces . ‘a 
Half surface of combustion chamber... 
17 tubes and 4 side pockets .. 

Outer shell of boiler enclosed in the casing 


Total on sce eco 


To this must be ‘added ‘the surface exposed by the casing, 
this amounting to 1007 square feet, made up as follows: — 


Square feet. 


385 
156 


Inside of casing eee 
159 tubes at end and bottom of casing ove rea 
Under side of casing . sos ove 


Total an ove e+ 1007 
The combined heating surfeces of the boiler and casing 
thus amount to 1466 square feet, there being thus 61 square 
feet of heating surface to one square foot of grate surface. 
The boiler and setting, arranged as above described, has 
been the subject of a series of experiments by Mr. William 
Ashton, of Manchester, an engineer known to most of our 
readers as one of the patentees of Ashton and Storey’s 
steam-power meter, of which a description appeared some 
time ago in our pages. In one of these trials, made on May 
18 last, of which particulars have been placed at our dis- 
poeal, the experiment was continued for nine hours, the 
coal used being Uldham Black Mine “ burgy,” and results 
being as follows :— 


bg quantity of water anapenaien auieg 


Total quantity of coal consumed - 
——_ of water evaporated I yt hour from 
——— of the feed (67.8 deg.), per Ib. 


rain evaporation from a temperature of 
r lb. of coal ove 
Quantite reed coal ye per square foot of 
grate surface per hour 
Ditto ditto per square foot of total heat- 
Pn Frey a  - ted h 
y oO evapora our 
square foot of total heating eurface per 2.003 
Temperature of escaping gases .. 250 deg. 
In the above experiment the ompentan took place at 
atmospheric pressure, the steam escaping from a 9 in. pipe 
leading from the dome of the manhole, and there were no 
signs of priming. The fire was about 4 in. thick and 
all coal used was weighed, while the water was measured in 
a tank of 1 cubic yard capacity. The quantities of water 
in the boiler and casing as well as the state of the fire were 
the same at the end as at the beginning of the run, and the 
quantity of ashes collected during the trial was 170 Ib., or 
about 8} per cent. of the weight of coal used. 


The rate of evaporation recorded as obtained during the 


13.5 
9.69 
0.153 
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above experiment is exceedingly high, and it would of 
course be desirable to have the result checked by further 
trials; but at the same time we have no reason for doubting 
either the care with which the experiment was made or the 
at all events approximate accuracy of the figures given. It 
must be remembered, in considering the results, that eva- 
poration was conducted at a very moderate rate per square 
foot of heating surface, an element which has a most impor- 
tant effect in such cases. The advantage of Mr. Reilly’s 
arrangement is that it enables this slow rate of evaporation 
to be carried out readily by providing a large heating sur- 
face within a moderate space, a portion of the surface being 
in contact with water at a lower temperature than that 
in the boiler. As regards the mechanical construction of 
Mr. Reilly’s setting, an improvement may, we think—and 
probably will—be made. The form we illustrate isin some 
respects difficult to stay properly, and is not well adapted 
for being worked at even a low pressure like 20 1b. per 
square inch. This, however, is a matter of detail in which 
an improvement can readily be made; and altogether we 
shall be glad to hear of the system being further tested. 





QueBEc Harsour ImprovemMENts.—Last autumn de 

ed surveys and soundings of Quebec Harbour were made 

by Messrs. Kinipple and Morris, the engineers to the Har- 

bour Commissioners, and we understand that the Com- 

missioners have now given instructions for the detailed 

contract plans to be prepared to enable tenders for the im- 
provement works to be got in as soon as possible. 


PERFORMANCE OF THE WHITE STAR STEAMSHIP 
Britannic.—The White Star steamer Britannic, which 
arrived in the Mersey on Monday last, has by her perfor- 
mances again turned public attention to the oft-announced 

“* most rapid passages,”’ her last outward Lg we oh having 
been made in 7 days 16 hours 35 minutes from Roche ’s Point 
to Sandy Hook, which is upwards of an hour and a half less 
time than the previous fastest run, made by the City of 
Berlin in tember, 1875, her time being 7 days 18 hours 
2 minutes. The Britannic’s daily —= were from Roche’s 
Point—June 10, 290 knots; June 11, 360; June 12, 373; 
June 13, 380 ; June 14, 382 ; June 15, 404 ; June 16, 393 ; 
June 17, 272 ‘to Sandy Hook ; total dis knots. 
It will be seen that on June 15 she tees 404 knots (there 
being no wind), a performance never before equalled. The 
Britannic’s homeward voyage is also remarkable for the 
short time in which it was made, namely, 7 days 20 hours 

Sento time ago we 
an account of the fastest run homeward, which 
y the Germanic, a sister-ship of the Britannic. 


published 
She has elac just completed extraordinary run outwards 
e com an run ow 
of 7 days 17 hours 28 minutes. The splendid feats of steam- 
ing which have been performed ate sian — Reena 
S - re i ois lise, t ‘ail to t rent that 
= oO o! canno ou 
he modern ocean steamer, although ae i pin ot cat 


of theold style, is fully equal to them as token 
and much superior in So of =p which is one of the 
first objects for a royal mail steamer 
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GRINDING AND THE FACTORY ACT. 
To THE Eprror or ENGINEERING. 

Srr,—It is so well shown that the dust, formed in the 
use of the dry stone for grinding forks, razors, and scissors, 
is injurious to the men who use them, that, poe lf 
in this neighbourhood, I determined to avail of the 
acter Aad see what means are used to remedy an 


Mentioning my desire to a friend en in the manu- 
facture of. cutlery, he offered to conduct me to where I 
could see the men at work, informing me, however, that, 
by the use of the fan, the evil had been remedied, and that 
a clause had been provided in the Factories Act, rendering 


its use compulsory. 

First allow me to show you, by the oe Mage 
sketch, the grinding wheel and fan as they should be, and 
then describe how I found them. 





A is the seat upon which the fete sits astride, 
as upon the back of a horse, and holding the article to be 

ound to the surfaces of the wheel B, which is revolving 
Som him in the direction indicated by the arrows. 

The theory is that, as the fan E revolves, it will suck in 
air at the opening of the pipe C, which air, as it can ay 
approach at the front of the cover D, will carry along wit: 
it the sparks and dust formed by the contact or friction of 
the article upon the surface of the grindstone. 

In the first room to which my friend conducted me, we 
found a man and boy, the latter about sixteen years of age, 
at work. On approaching the man and informing him of 
the object of our visit, he smiled, walked gravely to the side 
of the room, adjusted a bolt, and then, for the first time, 
we heard the hum of the fan. Of course, we asked him 
why the fan was not at work when we entered ; his reply 
was, that the pipe leading to it had a bend, or curve, in 
which the dust collected, and it was choked up and useless, 
and on remonstrating with him for leaving it in that state, 
he seemed to think there was no harm done. 

Noticing that he had a pair of spectacles with exceed- 
ingly large glasses, at least 14 in. in diameter, I asked his 
object in wearing them ; his reply was, to protect his eyes 
from the particles of steel, but, I said, ‘‘If the steel dust 
will go into your eyes, it will also go into your mouth and 
lungs,” at which he smiled and said, ‘‘ Well, you know the 
doctors give steel to people to strengthen them, so it cannot 
do much harm.” 

Now this man was intelligent in other respects, and 
educated ; he had even in his possession works by Dr. 
Holland and Dr, Hall, explaining the object of the fan, 
and even criticised one of their statements as to the quan- 
tity of dust made in grinding a certain number of razors, 
but still the result was as I have described. 

In another room we found three men at work, but the 
fan was silent, as the men were only “‘ glazing,” a process 
which did not seem to require its employment. I noticed, 
however, that the coverings D were only broken boxes, 
and of no possible use. 

We went then to another building, where the men were 
wholly occupied in grinding forks ; the result was precisely 

same, one man was seated behind a large stone, at least 
2 ft. in diameter, while the cover D was only Gin. or 7 in. 
high, and consisted of the remains of a box from which 


back and front were both gone, so that the air could enter | “ 


the pipe C from all sides alike. 

I noticed in this case, also, that this man wore a similar 
pair of large glass spectacles to protect his eyes; while, 
most ominous of all, in the trough at F was a large deposit 


of fine steel dust which should, had the fan been in proper | used 


order, have passed down the pipe C. Having called the 
attention of my friend to the above, he explained that the 
proprietor of the building simply lets the men the use of 
the room and steam power, they or their party providing 
their “‘tools,”’ sooner which are included their grinding- 
stones and the cover D, which latter, being the most essen- 
tial part connected with the use of the fan, is of course 
least understood, and indeed the men seemed to think it 
was more intended to prevent articles falling down the pipe 
than to collect the air from the immediate neighbourhood of 
the grindstone. 

Another friend also informed me that on a recent occa- 
sion, having taken a visitor from the United States, who 
especially wished to see the same feature, he found the same 
want of system, the fan not being in use. 

The defect is, I think, caused by crude legislation, and 
defective inspection to see that it is carried out and rendered 
effective. 

An instance of the former I think I can show you in the 
clause in the Mines Regulation Act, which has reference to 
the safety-lamp. 

Now, although there is not probably a person of any 
scientific culture who is not acquainted with the safety- 
lamp, yet this clause simply provides that there shall be 28 
wires i in the gauze, without specifying of what 
thickness or gauge they shall be. 

If therefore I, as a workman, simply want a lamp that 
shall give as much light as possible without regard to the 
—=— of safet ia oe me by gauze made of as 

ne wire as possible, in which case, roviding more space 
between the wires for the air to ented, the lamp burns more 


and there is less interference with the radiation of | Mr 


freely - 
light, but, at the same time, the lamp is no longer a safety- 
lamp ; it is a lamp surrounded with gauze in compliance 
with the Act, but that is all. . 

I was never more puzzled than, on one occasion, when a 





miner informed me that he preferred the lamps of —— 
those of ——, because ‘“‘they gave a better t,”” both 
being the same pattern lamp; but the was solved 
when I asked a manufacturer what ¥ 
wire gauze he used, and his reply was “‘ gauge, 
except when they are specially ordered by certain colliery 
companies, which will have them of 26 gauge.” 

A very little consideration will show clearly the t 
necessity for stating definitely what thickness of wire should 
be used in the manufacture of gauze for safety-lamps ; it 
would not be too arbitrary to do this, as also to insist ist that 


the cover D, mentioned above, should be of a certain size | dra’ 


and fixed in its position, and if, in addition, a few men 
were appointed as active inspectors, with power to insist 
upon fines for non-compliance with the Acts, a few examples 
would have a very salu effect. 

I have not the means which would enable me to refer to 
the clause in the Factories Act rendering cémpulsory the 
used of the fan, in those places where men work with a dry 
grindstone ; but I have no doubt, judging by the facility, 
become provérbial, with which a coach and four can 
driven through any Act of Parliament, that it simply 
prescribes that a fan ‘‘shall be’’ used, without prescribing 


any d x 
Now it will be evident on examination of the following 
sketch that the beneficial action of the fan depends entirel: 


y 
upon the cover D, and that it may be rendered wholly 





inoperative either by having too small a cover, or one not 
open only at the side fronting the grindstone ; for, in the 
former case, the dust and steel particles will pass away, 
and mingle with the air in the room, while in the latter 
case, the air, drawn into the pipe by the power of the fan, 
will approach the opening of the pipe from all sides alike. 

The above is a rough sketch of a fan which I saw at 
work, the cover (D) for which was not only very small, 
allowing the dust H to pass over it into the room, but at 
the same time it was open at the back as well as at the front, 
so that the air approached the fan with equal freedom from 
Gasfrom H. am aware that a difficulty exists, from 
the custom which prevails of allowing men to provide, and 
considering as “tools,” all those things which they use 
and are ‘‘ portable.” 

This I consider peculiarly unfortunate, both with regard 
to the action of the fan and the use of the safety-lamp. 
Permit me to show why. 

In the use of the fan educated knowledge is ni to 
understand its object, and this the men do not possess—they 
can neither see nor realise the air in motion, nor appreciate 
the ultimate injury to themselves, as a result of the taking 
into their system of a small but continued succession of fine 
steel particles : hence they neglect precautions intended for 
their benefit. 

This is also peculiarly the case as applied to the safety- 
lamp. The miner has not the education which will en- 
able him to realise that it is a scientific instrument, involv- 
ing a fine and subtle principle. All that he knows is that 
it is a something intended for his safety, and for which he 
is indebted to ‘‘ Davy’ and “‘ Geordie.’”’ He also knows 
that he has to buy it as he buys his pick, and he buys the 
cheapest he can get, and the one which will ‘‘ give the best 
=. although, poor fellow, he does not know that this 

: t light’? involves the greater risk to himself and 
others. 

I am aware that there are some exceptions to this, as in 
the case of those proprietors mentioned by the manufac- 
turer of safety-lamps, who insist upon 26 gauge wire bei 
in their construction, but they are the exception, an 
Tee alt from this apstem, of zegerding 

A further evil arising from this system o! i 
everything portable as “ tools,’’ arises from the difficulty of 
knowing whom to blame, with which the inspectors, when 
such are appointed, have to contend. 

For instance, had I been an inspector, and questioned 
the propietor of the sneioeny oat steam power, he would 
have replied, ‘‘ I have done the Act requires of me in 
providing a fan, which the men can use; the cover D is 
nothing of mine, speak to the men.”’ And then I should 
have felt the matter hopeless, for the ‘‘men’’ cannot 
be expected, in this early stage of our educational develop- 
ment, to understand and appreciate these matters, although 
they are intended for their own immediate good. 

I am, Sir, yours truly, 
Sheffield, June 26, 1876. Henry D. Pirmsouu. 








ON THE STRENGTH AND FRACTURE OF 
CAST IRON, 
To THe EpiToR oF ENGINEERING. 

Srr,—Mr. Barker’s letter, in your number of June 23rd, 
seems to call for some reply, for alt: h his desire of add. 
ing a little useful information to this subject may, to a cer- 
tain extent, have been realised, I fail to perceive that either 
of his letters contains any indication of the neutral axis of 
a cast-iron bar ever being so high as at one-seventh of th 
depth, pesca ya me Loong 2 neither do ov, conten 

any. argument sufficiently forci' disprove theory 
etek ae the of showing that it is situated at about 
Fiths of the depth. At the same time I fally admit that 
. Barker’s di Ss are 
that I have made a slig! j 
regard to the motive Mr. Barker had in 
experiments made boring 


4 





letter, the 4 & 
bars. This mistake, however, 


Fe 


wn - at one-seven 
h, h, h, h, as described al 
the neutral axis is shown by the shaded portion a, b, 
and the effecti by c, d, c’, d’ 


see pltsnaiens oan he 
represent the resis' ex t 
section, aud it will be found that their mneaneniit ube ta 
proportion of about 1 to 40, in other words the compressive 
strength of the iron would be about forty times its tensile 
strength. This, however, is quite impossible, co 
the neutral axis must be in a lower position, and, as I sta’ 
in my last letter, will be found to be about v:ths of the 
bar from the top when the resistances of the iron to com- 
pression and extensi ion are as 6 to 1. 
Now I think it will be admitted that the theory I made 
of the position of the 
Seta ealloting the ttackiortceas of Cn ore 
e breaking weig’ a bar, i 
will be seen that in the three cases I exemplified, I found 
the neutral axis to be at ¥rths, #ths, and of the depth 
of the bar from the top; and in the same manner I could 
also show bar in which the resistances to compres- 


: 


is of the usual description, its position is between the limits 
of vaths and itths of the depth. i 
at one-seventh of the depth, the moments of resistance of 
the cross-section would be in the proportion of 1 to 35, a 
pee oe a i _ tp moe lot yo ps > which a 
compressive 8 wo eq hirty-five times the 
tensile strength, and the value of the breaking weight calcu- 
lated on these two suppositions would be very much too high. 

It is no doubt quite possible to assume the neutral axis 
to be at one-seventh, or even in the middle of the depth of 
the bar, and so calculate the moment of resistance of the 
cross-section ; but it will be found that in order to obtain 


in this manner the practically true rete eta te 


essary tointroduce co-dilelenbel correction ; w 

taking it in the position indicated in the way I deseri in 
my last letter, viz., between v‘sths and ifths of the depth of 
the bar, acco to the nature of the metal, the - 
rs breaking weight is obtained directly, that is, 
without using any co-efficient of correction, by - 
—= — adopted for the neutral axis. 

é ker is quite correct in saying that no infallible 


data have yet been given as to the h of cast iron, 
Fonbes eek," en being. tee. sousee Drove Which anpaene 
as @ source whi i 

frequently derive their information on this salient aiken 
designing cast-iron work ; and besides, I have no doubt 
that the figures I pave gnats from it are selected from the 
results of carefully conducted ts. 

of his 


experimen’ 
In paragraph 6 of his last letter, as a proof argu- 
ment that the neutral axis is at one-seventh of the depth 


from the top in a solid bar, Mr. Barker calls attention to 
some in girders, “‘as 


such beams.”’ Now, I must remark that there is by no 
the subject, I will explain what I consider to be the 
to, namely, that it is situated much nearer to the 


represent in @ very 
forcible manner the probable position of the neteal axis in 
means a perfect analogy between the fracture of 

and that of a solid bar, but as Mr. Barker has intr ced 
= to the position of the neutral axis in the girders 

e 

centre of the girder than to the top flange. I will illustrate 
Fig. 4. Fy. 2. 








a 
this in the following manner :—Let the shaded portion of 


Fig. 2 represent the cross-section, sw the resistances 
to com; fom and extension to bo-equal ; the areas aand a! 


of the top and bottom flange being also equal; and it is 
obvious that on account of the equality of the resistances 
i , the leverage with which 
is in each case 

in the of 


the sums 


g 


:t 
Hi 














ition. | the sta; 


the centre of its depth, 
its ition is very near to 

ato beams, for the lack of 

1 resistance of cast 

used in e contrac: ewperienced manu- 

\ fas , however, which I made to Mr. 
to to solid bars. 


beam being at 


concerning the form of fracture 
axis in whatever position it 


pi tar in ts 
men‘ ‘orw ‘or the its posi- 
tion -~ take this ine pore, and, moreover, I oem, 
sider attem; so, merely from inspection o! 
actual abe ag ill atwese be attended by such an amount 
oS uneertores as to render the results obtained of no 
wi . 
- what I have said with regard to girders, I have 
neglected the moment of resistance of the web portion, as 
Eas ores the. pentien pepetees ome & i 
of Mr. rker's letter I infer 
my argumen er exciusi 
kind of cash, i ‘ 


iron. This, however, is not 
of metal in which the re- 


i 1 and 7 to 1, and so far we have 

to show that this last ratio was exceeded in the iron 

ion represented Figs 10 and 11 in Mr. 

"s last letter is ingenious, but I will remark that the 

f in a cast-iron bar very seldom commences simul- 
taneously at the top and bottom. 

In conclusion, I would remark that all my arguments are 
deduced from Sete Hat Sip Shes | a bar are strained 
in direct proportion to their distances from the neutral axis, 
a fact, c to Mr. Baker, “‘well ascertained to be 
the case by experiment.’” 

Tam, Sir, yours 


W. B Govanrnr. 
Milnthorpe, 28th June, 1876. 
ARCHED RIBS AND SUSPENSION 
BRIDGES. 


‘o THE EpiTor or ENGINEERING. 
dpe mp the able papers of Mr. 
ribs and suspension bridges, 
together agreeing with some of his conclusions in 
the first article published by you, I shall be happy if you 
can find space for the following notes on the subject of in- 
clined supporting girders hung from ordinary para- 
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* | the central portion tis® =3.", ana 29 
y d d 





ENGINEERING. 








f ay hic 
cen Ww t 
rat ae, of the chain we wi , 

‘It is clear that if the . rods are to be of use and the 
cunival length (of, the cable. sult te ane eae h 
load t + part, the same parabolic form of he chain 
cannot be retained thro . Since 
Sic een os taoelisen he ble of the load, 
the land ends of the chain must be made flatter by adjust- 
ment, and if the central cable stress is to be dit , 
the dip of the central unstayed part (d) must be increased. 
Tn order to compare the two cases (with and without extra 
stays) fairly we must keep the whole dip D the same as 
before, and for the sake o =, we may consider that 
the parts of the whole load on th ilward ends borne by 
and by the cable are each uniformly distributed. 

Let the cable bear w,, and the stays w,=w—w,. 

If « be the distance measured from the centre to point 
of the chain and y the corresponding dip, the equation of 
=84 «At the 
P) 
dy_4 a zi 
q | and t, 


The equation of the land ends of the 


extremities of the length 1, y=d and 


wl “w 12 
= or a= ——. 
_ s 
chain is also parabolic, and throughout the whole length of 
the chain the horizontal component of the tension remains 
the same. 
For the land ends, therefore, 
“Y= and dy, 4 ¢. 


dz &, dz t, 


At the extremities of the central portion ( o=" the 


l 
i) 
Selaenee of the two curves are to be the same. There- 
ore, 
wr Liner a a 
t, 2 l 
For the land ends, therefore, 


dy e~ 5) +4 Feandy= 2 (2-2 

da i, 3 I & A373 
+4 eae 

l 

{se—e_t 

8 4 


w a ea 4-20) wt 
t, (3 4 t Bt, 


{ w, (L*—2L1+1*) +20 (L-Di} 


wml gd 
2° 7 


*) 


Thereforé, 
y-¥, = 

and 
¥~ ¥,= 


w, 


d 
* (2 e-p} +25 Qe-D 


= 


8t 
and af 


- _— —j). - 
D=y,—v,+ d= {wi G—* +0 @L—D2 } 


and 
toma pb fw, L-H*+w@L—p1 


If l=}L, thon we have t, =_* “1+3” which hastobe 


8D 
compared with T,= a w, which the tension would be 


if there were no suspending extra stays. 

Themost favourable supposition forthe inclined-stay plan, 
is that the cable at its land ends is relieved of the whole of its 
load except its own weight. 
there would be no need of vertical suspension links hanging 
from the landward quarters of the in to the roadway, 
because these landward of the roadway are wholly 
borne by the extra stays (inclined). Suppose the section of 
cable uniform throughout (it ought to be heavier near 


the piers than at the centre), and s=9; then on the above 





supposition we would have w= s=p_lo nearly, if / he 


the weight per unit volume of the material of the chain. | | 


(Here the cross dimensions of the cable are measured in the 
same units as L and f). We would have then: 


t 
BO + 3w 
nn Me Raa LS +fi-2t 2 
8D 4 8D 4 ~ 32D f 


where for wrought iron 7] =0.001 per metre length. 


Ll’ 8, 


For instance, for L = 100 metres and £ = 20, we find: 
eee a: B_15 — wl? 3 16_wL? 
oe" eS ane lo 2.isee* i 
SDs 16 8D 4 15 8D 


and again for L=50m. and & =15, i= L* 


In this case it is evident that | ; 


to the vertical =. 
pndeabergece: “es it and § its section, we must have 
wo ?2=f58.,/57 4 pi; and since its length is 4/53 Ds, 
the’ volume Ot catered ON te ESS Gr yrds 
(z*+D*)§2. The total volume of material for all the 
rods, to.all the points up to 4 L from one end, 
is, therefore, 


w 
— 


L - 
4=F(mpt = 
o J\1I92D 4 

1? 


+D); 
together 


in volume of material used in the cable is 
taking the length of the cable as nearly eq 
27, 7,1 wl 
107 0 7D’ 
1/L Dp 


iji Do wi? 1 
7D 2\e* 7 3%;'3 


L 7D'D 
that is, it 2 > 0,17, there is a positive waste of material 


w 
effected by the introduction of the inclined stays, instead 
of a saving. ris however, always less than 0.17, and it 


that if the inclined stays be scientifically 
jor use. 


and 


and if : 
wo L L; 


therefore appears 


designed a saving o: 
The amonal of tha 
3 P{i-5-s ‘te aa } 
FDO % TRI Feplaa TF 
and this expressed as a fraction of the total velume of the 

cable unassisted ——- stays, or 
a2 Yigg 7 DY 
tS Ff 8D 240 [73° 
For the same ratio 2 this fractional saving is the same. 
The absolute saving increases in proportion to the square 
~ 
of the span, if5 is the same. 
D a 2 3 
10 15 20 
0.077 0.099 0.106 
ability of this 
be forgotten that dheseintlined steps 
strain upon the i 


Ezamples. L 
——>} 
240 L? 

In considering the 

however, it must 
tensional 


Ee supposition that the saving bp the 
su a 

ion des bo bending nandant be oom 
For this purpose :we have to resolve fe V2 +P" wo 9 


horizontally. The horizontal component is 

_2__, V¥#eD8 w ian2y 32 
V t+D? iy heey 

The horizontal stress at any point 2 from the pier is the 


integral of this quantity up to z, or > 


ion at this point = 
The section poin ae z*, and the volume 
is point —”_ w®, 
up to this point é7D 
Putting «= © , we have 














jury 7; 
results make it worth while investigating whether 
it wo aot be just. on wal to de amray oo h 
curved cable, and build the bridge i 
rele redioting from the pi It is clear that such a brid 
would have t taOF not being in the least flexib » 
and of not iri way gi hark sb 
of ined rods fer half" 
SK asedouls aft 2 as © 
3+8D2 


For such a bridgethe 
(: 
FD L? 


the bridge.is ee oe 
fz 
24 
is 
The volume of the horizontal‘members, for one-half th® 
. L 


2 = ww. 
pl s*?* |. re 
i 





Dp? 
+4—, 
Ts) 





ey=8 ol 
~—® SF BD 
r both sides the volumeis "~~ 


w 3 
6fD 

and for the two sides 

wo L Z 


ofl 8D 3 Ee 
The whole volume of material’ used in the bridge is, 
ore, 


wo I . ¢ Le gD* 
oe ae ae py 2 
5 ep (i 2) e ap (1+) 
This is always greater than = ss by a volume ZED, 
which corresponds for wrought iron stressed to a little less 


than 8 kilogs. per square mm. to a weight of “fA D Ailogs,, 


the dimensions L and D being in metres, and w being the 
load per metre run. = 
10 


We formerly took — ip = approximation to the 


volume of a simple parabolic chain. .The gentral tension 
- wo L? ; . - w L? ‘J D? 

——, but th —— 16= 
isp’ at the tension at the piers is 8D I+ Ei: 
and the length is considerably greater than the simple 
span. A convenient approximation to the chain’s length 
of perfectly sufficient accuracy in all practical cases is 
L {1+32, (5 i}. If the chain is made of uni- 
form section throughout, it must be proportioned to the 
tension at the inclined ends. Thus the tension multiplied 
by ry length for the chain and — ;7 the stress is 
w 2 
Fan's CB) Grea): 

It thus seems probable that this form of bridge would 


prove highly economical, considering that no 
girder is required, and that it is entirely 








wa; 
built up of telhngies. and, therefore, is ‘‘ rigid.”” It has 
also the very great advantage of having all its members in 
tension, none at all in compression. 
If the —_— of suspension were all equally distant, that 
is if all the joints in the horizontal chord were all equally 


distant, the bridge would have. the following ble 


stress diagram. 





There is evidently no stress on a, because one end of a 
should be made to lie simply on a horizontal surface on the 
pier (on a roller table if need be.) 

The volume of the material used in such a bridge may be 
easily calculated without drawing out the stress di : 
because it is evident that if we adopt a scale to which the 


dip of the bridge represents the resting at one of the 
joints, then the length of each inclined member represents 
to that scale the tension on that member, and, since the 
section equals the tension divided by the stress per unit 
sectional area, we have in order to find the total volume of 
the inclined rods only to add up the squares of their hs, 





_ YEN GIN BERENG. 


12 = 4 + 157? = 16 + 225 
zat TL ASy 


2 See tap 


—tg = Fe 2 19-4 578 
,?= 4+ = 16 + 729 : 
3 - lio? = + ) ie + 450 S er 
sore Sy n in aoe 
apis 5 2000 yn 9000 677,185,700 2 a AS 





bo pm ge 





= +e ‘ 
clas & . 
Stresses on Horizontal Members. 
1 8= 8 x0 
2.83% 6= 9x ,, 
3 9+ 9= 18x",, 
4518412=> 30x }. 
5 30+15= 45x ,, 
6 45+18=> 68x. ,, 
7 68+21=> 84~x.,, 
8 844+24=108x |. 
9 108+ 27 = 121.5x ,, 
Sum of stressos= "0 x 481.5 


Length of each horizontal member=3.m. 
9000, 481.5 x 3=8,250,125, 
For one side of the bridge (7,125,750 + 3,250,125) = 
10,375,875; for two sides 20,751,750. 
Corresponding parabolic chain. 


: W L*.. 3000x602 
en ieee SN 500. 
Central tension: 35 xk 337, 


End tension=837,500 4 x / 16 + 225849, 290. 

Length = 60 {1+32* 1-3? } 00.79 ». 

Length x central tension = 20,516,625. Length X end 
tension=21, 

There also 


233,339. 

seems to be a slight oversight in Mr. Claxton 
Fidler’s second paper, but it is so slight and unimportant 
that it is hardly worth while to point it ont. He proyes 
that the greatest bending moment does not occur when the 


one central-hinged r is the rolli 
when about fon fittin of it only are covered. He obtains 


the expression for the ny : 
M=g™(—m) ce. 
. 4 ae 2b+m 
which for purposes of calculation it is more convenient to 


throw into the form : "i 
m 
_w } (3) 


2 3841 
m 

His oversight consists in assuming (at least so far as appears 
from his paper) that the maximum of this expression occurs 
when m=}. It really occurs when m=0.532 6, and when 
the part of the half girder uncovered by the rolling load is 
21 per cent. instead of 20 per cent. e real maximum 
moment is very slightly in excess of what he gives, being 


ge | instead of £ which Mr. Fidler gives, or © 
which Professor Rankine gave. 


I am yours _ . 


» Kaiser Gakko, Tokyo, Japan, March 13, 1876. 

{In the above investigation our correspondent has over- 
looked the fact that the inclined stays would not remain 
panigh, but would become curved downwards by their own 
weight. With this change of form in the stays the bridge 
would cease to be rigid. A... - yoy igi a 
sion bridge ously oyer » a8 0 
our Yeates ‘hee award, Ty supporting the ‘Wclined cig: Be 
from a light saamnetiary chain, so that the stays are 
really kept straight.—Ep. E.] 


PIECE WORK IN GAS WORKS, 


M 








By J. Travers, Cork. : 
Piecework v. Daywork, as applied to the. Reduction of 
the Yabouted Force in Gas Works.* 


As you will not be treated in this paper to a li or 
scientific production, I feel that to be brief, and as much to 
the point as ible, will best advance the object I have in 
view—viz., the expression of your valuable opi on the 
thoroughly practical subject of how we can deal with 
our men so as to give them no reasonable ground for. dis- 
satisfaction, and at the same time obtain good results for 
our propri : se ial take aeedanan ton dhoaions 
accom m your experience you are aware 
that it is often a difficult case. 








divide by the working stress f, and multiply by the ratio of A during the summer when 
the load at each joint to the Fe f : 3 Paha pio Bete lanl odpervinion lon Sheows 
We conclude by taking an example, in which we will com- when you have surplus hands, and can with ease make such 
pare the total material used in this bridge with that | changes as you may consider prudent, or if necessary re- 
which would be used in the chain alone of an ordinary move a.schiaciery Guatatier. But when the winter comes 
ge ye sii By round, and all your care and atteution are devoted to main- 
pan=—60 m.= Dip=4m. Breadth=10m. Load per tain a good supply, both in quality and quantity, for 
square metre of horizontal surface=600 kilogs. The whole | .onsumers—who will often rew your anxiety for thei 
open Bividies into 20 sections, each 3m. long. There are comfort and enlightenment by making the public press teem 
us 10 inclined rods om each side, and the load st each | with the results of their after observations on the 
joint——~—~" = 9000 kilogs., since the whole ig | illuminating power and pressure, and will have you to be- 
- 2x20 : load 1 | iiore that such cbecrvations were sande with a ter degree 
divided equally between the two sides of the bridge. The | of accuracy than is to be attained 8 best photo- 
load at the centre joint is divided between two inclined rods | meter—when, in addition to your efforts to give no cause 
running to the two piers : of complaint from outdoors, your anxiety is 2 
of Lengths of inclined Rods, ineressed indoors by the conduct of your men, then, 
t= 2+ #=16+ 9 post is an unenviable one. I wishI of them 
Mew o* ee = t oben they find i is a busy time with you they would 
= = 
12 = @ + 12=16 + 144 * Paper read before the British Association of Gas Managers. 








Soci anor as 
ow to 5 pos. 
a better footing. : 

say that I have solved the problem; but 


n experiment ‘and found it to bean 
submit 


= 





yedees =p rf the construction, But in pr as 
of the work recedes from this point, I hold 
ponnnetgen be ineneel ita a etlive cover 
80, you bring in’ -interes motive power 
wonderful ect. 


i 


and 
up, yet the stokers were obliged to assist each 
charging the retorts, and the = coal carbonised 
by each told at the end of the week who 
was accurately weighed 


80 

the weighmasters. Having worked 
ad colieh tinomn, T’aan now’ oibe ‘0 opel at 
results. Not only did the men earn every week their ordinary 
wages, but they had, at the end of the season, 2d. per ton 
as ium for work. 

e had a much reduced labour account. We also had 
results in gas produced, and more contentment 


su 8 cent. more . 
a Bie Fang peal aol than 
riod, and yet this additional quanti 


= 
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MACHINE TOOLS AT THE PHILA- 
DELPHIA EXHIBITION.—No. V. 
PLANING MACHINES—(continued.) 

In our former remarks on ing machines (vide 
page 2 ante) we observed, when speaking of feed gear, 
that friction clutches, with maintained force, are a 
peculiarity of practice in the Eastern States, and are 
no doubt less objectionable, as re waste of 
power, than many suppose. There is, however, no 
use in continually maintaining a force which is used 
only at intervals, and can be made to act only when 

ired, so that the course of progress will no 
doubt result in the abandonment of this mode of 
operating feed movements. The diagram, Figs, 4 
and 5, will show the general plan of these clutches 
with maintained force, 





The disc a is mounted loose on the end of one of 
the cross-shafts of the reducing gearing; i 
this disc, and held in compression against it at x, is 
a revolving plate of leather or wood, 9. This fric- 
tion surface, whatever it may be, runs with the 
shaft iand flange ¢. In reversing, this turns the 
disc a from right to left, until sto by the pins c. 
The amount of friction is re by the screw 
ring f. The degree of movement given to the feed 
rod e may be regulated by sliding the pivot s to or 
from the centre, or the same thing may be accom- 

lished by moving the stops ¢, 80 as _to regulate the 
Satenee which the disc a moves, Both plans are 
employed, but the one first named is the best, be- 
cause the rod e can in that case be shifted from one 
side of the centre to the other, as the feed is 
changed, and one adjustment answers for the amount 
of feed and also for the time, that is, whether on 
the back or forward stroke, 

The method of operating feed gear, mentioned as 
the fourth type (vide page 4 ante), seems to be the 
one best adapted to the purpose, if loss of power, 
expense, rm 9 complication are considered. 

Fuell 6 The action of these intermittent 

| ,°° frictional clutches, such as the one 

- shown in Fig. 6, is positive enough 

for all practical p The sim- 
plicity of the arrangement will at 
once be t; c is a segmental 
wheel, attached by ey of a 
sleeve to the crank wheel e, which 
operates the feed rod d; a is a 
roller or wheel, placed on one of 
the cross-shafts of the machine. 
The segment ¢ is covered with 
leather, and is set so as to bear 
upon the wheel a with force enough 
to operate the feed gearing. When the wheel a is 
revolving in the direction indicated by the arrow, 
the segment c is carried to the position shown, but 
when the machine is reversed and the motion of the 
wheel a changed, the segmental wheel c is turned b 
friction to the opposite side, stopping after a 
revolution is made, or ag the length the arc, The 

i , although not intended to represent the 
device with proportions as made, shows in general a 
oo ado ted | by a well-known firm at Wilmington, 

nited States, whose tools bear a high reputation. 
We venture the opinion that the arrangement would 
be better if the roller or wheel a were of elastic 
material, and the segment c of polished metal. In 
that case the wear would be equal on all of the 
wheel, and no injury would be done to the segment 
even if the ends were somewhat worn. It will be 
understood that the weight of the segment tends to 
keep it in contact with the wheel, and insures a start 
whenever the motion is c’ . 

Instead of leather covered surfaces with flat con- 
tact, grooved wheels and segments could be employed 
in constructing gearing of this kind, but as said in 
a former place, metal on metal with slipping contact 
has generally failed as a mechan device, and 
when there is an opportunity it is nearly always 
best to employ leather or wood in contact with 
polished metal. The device, as shown in Fig 6, is 





The reduction of the width and increase of the 
speed of driving belts for planing machines mentioned 
in the third constitute a marked im t 
in American practice, one which we wo 


received more attention had 


should long ago have 

it not been for the idea that ing moving at a 
pine ge pec ee 7 
e weight ing, the driving pulleys for 
pordine could not sodeed in the same ratio as 
their speed would be increased. 

The American idea seems to be to increase 
the of the belt movement the 


by enlarging 

diameter of the driving and keeping the 
weight the same, or ing them narrower and 
an weight as speed is added; at any rate 
among the examples shown in the Exhibition it may 
be sad that irrespective of speed and the momentum 
of moving parts, the machines seem to reverse with 
more ease and less noise than any made in . 
This is aps, as a statement, not given in terms 
so scientific as to command confidence, but to one 
skilled in the construction and operation of metal 
planing machines no test of the ease of working is so 
conclusive as to stand beside a machine to feel and 
hear the shock and noise of feversing. ‘The jar 
communicated to the framing is a very reliable 
measure of any concussion in the gearing, while the 
noise or slacking of the belts on the loose side shows 
how well the shifting gearing acts. A ma- 
chine more than any other machine tool gives out 
obvious signs of its merits as a wor im ent, 
and a skilled operator will, if blindfolded and brought 
to such a machine, at once determine its most im- 
portant working qualities. 

The employment of a large spur wheel instead of 
small pinions to mesh into the racks on planing 
machine carriages was mentioned as one of the 
characteristics of American practice. The planed 
surfaces marked by the gearing were found to be 
from errors in arrangement and not from —_ 
inherent fault pertaining to the wheels. Sm 
pinions as last movers generally cause difficulty, not 
only by producing a movement somewhat irregular, 
but also from a tendency to lift a iage from its 
bearings. Staggered or compound teeth, spiral teeth 
and other devices, were tried in the United States 
without producing the desired result ; but finally, by 
inserting a large intermediate wheel, as shown in the 
diagram Fig. 7, and by cutting the racks and teeth 












Tig }- 


on engines, a movement has been attained which fills 
ew the apniiiions, seqtiat except rigidity of ~ 

iving ing. the diagram, a is a carrige, ¢ the 
intermediate wheel, and ¢ the last mover in the 
reducing train of wheels. 

Without going into an elaboration of this mode of 
gearing, which its simplicity renders unnecessary, it 
is easy to see the difference between having the pak 
wheel ¢ and the small one c to gear into the rack, 
There is, of course, the expense of an extra wheel, 
but the value of this and more besides is saved in 
in metal which can be taken from the carriage. These 
intermediate wheels are usually made with a wide 
face and cut with the utmost accuracy, so that a 
good contact of the teeth is counted on. In this plan 
of arranging wheels the pinion ¢ can be smaller than 
any maker of machine tools would venture to work 
into a rack, so that something is saved in the re- 
ducing train of employingthe extra wheel e, 


is that in many cases the driving gearing is so 
arranged that machines can po | parallel with a 
main driving shaft, the same as lathes, a matter 
of great consequence in many if not in most cases. 
If an engineering works is extensive enough so 
that a separate room or department is devoted to 
planing, it makes but little difference whether the 
machines stand parallel with or transverse to a main 
driving shaft ; such cases are, however, extremely 
rare. Planing machines have usually to stand in 
rooms with other machine tools, and certainly there is 





good enough, and has been well tried. 


Another feature in American planing machines | boiler, 


another, A common plan is to planing machines 
in the ends of See nodanten oats 
passages clear. 

The common arrangement of such machines is no 
doubt a result of the mode in which the ing is 
ane ee was adopted basin oe to 
anything else, yet it seems stran at when a pair 
of bevel whedle la the reducing casing changes the 

ition of the oy, pulleys, that no one except 
essrs. Sellers and Co, have, until recent years, 
ventured away from the beaten track, 

Ali the planing machines exhibited at Philadelphia 
have their carriages mounted on V ways. It is, how- 
ever, noticeable that there is a tendency to make the 
angle more obtuse, or more flat, as it is called, It is 
@ wonder that, with their well-known spirit of inno- 
vation, some of the American tool-makers have not, 
as Messrs. Smith and Coventry, of Manchester, have 
done, abandoned this conventional 3 ery and mounted 
the carriages on flat surfaces. What is gained by 
aragcees. closely to the idea of Y ways for plan- 
mes e carriages, and abandoning the plan for 
slides, does not seem clear. It is true that 
parallelism in a horizontal plane is secured by V ways, 
and that the wear in this direction, whatever it ma: 
be, is compensating without adjustment ; but this is 


a point of refinement which we think may be 

ced by an avoidance of friction, and securing 
a iage against the danger of leaving its track by 
side thrust, a thing which often occurs in heavy 


cutting when angular ways are made obtuse, The 
Americans are, however, more consistent than Euro- 
pean tool-makers, as they adhere to angular ways in 
nearly all cases, while in Europe lathes are rarely 
made with such ways unless the angular gibs are 
so considered. This matter will again be noticed 
in connexion with engine lathes, On the whole, 
ing machines ma set down as the most per- 
ectamong standard American machine tools, and they 
give every evidence of having received more careful 
attention than has been given to such machines in 
any country in Europe. Some things may seem 
useless or unnecessary refinements, but measured by 
working qualities, the cost of production, or sym- 
metry of design, we feel sure that the opinion first 
expressed will be conceded by any impertial en- 
gineer who has given the matter careful attention. 





LOCOMOTIVES AT THE PHILADELPHIA 
EXHIBITION.—No. II. 

OvtsipE the Maryland State Building at the 
Philadelphia Exhibition stands engine No. 6, of the 
Baltimore and Uhio Railroad—a locomotive which, 
as the oldest exhibited, we may take first in our 
series of descriptions, On page 24 we publish 
an wg mye y | of this engine as manufactured in 
1835 by Gillingham and Winans, at Baltimore. 
The advantages claimed for this engine at the time it 
was built were—1l. The use of anthracite as fuel; 
2. The vertical tubular boiler ; 3. The use of the ad- 
hesion of all the wheels. The general construction 
will be understood from’ the view given, but un- 
fortunately no sectional foriags exist, Theengine 
stands upon four-coupled wheels 36 in. in diameter, 
and placed 4 ft. apart. The frames are of wrought 
iron, and extend considerably beyond the wheels at 
each end, At the rear two horn-plates are attached 
to the frames asshown, these horn-plates carrying the 
bearings of the pinion shaft, which is provided with 
a crank at each end, connected by coupling rods to 
thedriving wheels. Between the framesat the forward 
end there is a fireman’s foot-plate. The boiler is 
vertical, 52 in, in diameter, and contains 400 tubes 
1 in. in diameter, and 3 ft. 2 in. long. These tubes are 
attached at the upper end to a tube-plate forming the 
bottom of the uptake, and leaving 2} in, water space 
between it and the boiler shell, and at the bottom 
the tubes are connected with the crown sheet of the 
firebox. The boiler is externally fired—that is to 
say, there is a Q-shaped furnace projecting from the 
iler, and extending into the cylindrical firebox 
within. The door of the furnace is almost on the 
level. of the fireman’s foot-plate. 

As will be seen in the engraving, the engine a 
nally, and till a comparatively recent date, carried a 
fan driven by the exhaust steam, which finally escaped 
up the small chimney. This is a contrivance which 
has been re-invented of late years, The fan has, 
however, now di is replaced by the 
blast nozzle. The steam is led to the cylinders 
down the inside of the boiler by a channel made 
of thin plate rivetted to the latter. The connexion 





- want of method and a waste of room in having lathes 


arranged in one direction and planing machines in 


with the steam wens made about the middle of 
the length of the boiler, @ being the throttle lever. 
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LOCOMOTIVE FOR THE BALTIMORE AND OHIO RAILROAD; PHILADELPHIA EXHIBITION. 
CONSTRUCTED IN 1835 BY MESSRS. GILLINGHAM AND WINANS, ENGINEERS, BALTIMORE. 
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There are two vertical cylinders 10 in. in diameter and 
24 in. stroke, secured to the framing as shown; the 
iston rods actuating the two cast-iron vibrating 
s, which, have their bearings on the top of the 
boiler. The connecting rods atthe ends of the vibrating 
beams take hold of the crank at the end of the spur- 
wheel shaft as shown, and so through the pinion com- 
municate motion to the wheels. The original spur- 
wheel is in use upon the engine exhibited, but new 
pinions have been added on several occasions, as 
more power was required at the expense of speed. 

The valve motion is very simple. On the spur- 
wheel shaft are four cams, two on each side of the 
spur-wheel, one pair corresponding with a forward 
and the other pair with a backward motion. The 
valve spindles are connected to a way shaft extend- 
ing across the machine, and to this are also attached 
by links the ends of two spindles terminating in 
open straps (4) which pass over the cams. By 
throwing over the levers ¢ c, an operativn assisted 
by foot levers, the straps are thrown over the 
forward or backward cams at will, and the motion of 
the machine is re accordingly. 

The weight of engine and tender is 7 tons 5 cwt., 
empty, co the capacity of the latter is equal to 
4000 lb. of coal 750 of water. This 
engine and seven other similar ones have, since they 
were built, beenin constant service upon the Baltimore 
and Ohio Railroad ; some slight alterations have been 
made in them, such as the removal of the fan, and 
the addition of an injector, but beyond these the 
principal change is in the use of larger pinions to 
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reduce the speed and gain power, which was required 
when the engines came to be employed as shunting 
and yard engines. As regards workmanship they re- 
flect the highest credit upon the builders; and the 
fact that they have been forty years in constant 
service, and the original mechanism is still driven 
with 70 lb. of steam, is the best test of this. 

Proceeding now to more modern types, we shall 
next describe the two locomotives constructed by 
the Danforth Locomotive and Machine Company, of 
Paterson, New Jersey, which form the subject of our 
two- engraving this week, and of one of which 
we also give a cross section on page 25. The prin- 
cipal dimensions of these engines were given in 
columns 13 and 14 of the two-page table of i- 
culars of locomotives which we published with our 
last number, but it will be convenient for us to repeat 
some of the leading figures here. 

The larger engine, shown by Fig. | of our two- 

engraving and by the cross section on page 25, 

is a passenger locomotive for the 4 ft, 8}in. gauge, 
and has 17 in. cylinders with 24 in. stroke, and two 
pairs of coupled wheels 5 ft. 23 in. in diameter. The 
coupled wheels are § ft. apart from centre to centre, 
and the front end of the engine is carried u an 
ordinary four-wheeled centre bearing truck, the 
truck wheels being 2 ft. 4 in. in diameter, and placed 
at 5 ft. 9in. centres. The total wheel base of the 
engine is 2] ft. 6gin. The truck wheels are chilled 
cast iron and the coupled wheels are of cast iron with 
steel tyres. 

The cylinders are outside, with the valve chests 





on the top, and they are connected by the bed casting 
almost universally employed by American locomo- 
tive engineers, and which forms an admirably rigid 
stay to the front end of the engine. In the locomo- 
tive we are describing each cylinder has half the 
bed casting cast in one piece with it, the two parts 
being bolted together at the centre line of the 
engine. The steam and exhaust passages traverse 
this bed casting, there being two exhaust nozzles, 
one for each cylinder, and these nozzles being but 
3in. in diameter, a much smaller size than would be 
used in English practice. The nozzles are situated 
near the bottom of the smokebox, as shown in the 
cross section on page 25, and they discharge into a 
wagers pipe,” which reaches upwards to within 
ew inches of the bottom of the chimney. 
The frame is of the bar , 80 universally used 
in America and so univ y discarded here and 
on the Continent. There is no point of difference 
between European and American locomotive ice 
which is more difficult to account for than this. Of 
late years the bogie, in its various forms, has become 
more or less naturalised in Europe, while in many 
minor points of constructive detail, American and 
European practice have become assimilated ; but in 
this matter of frame construction there appears to 
be a hard and fast difference which there is no 
tendency to overcome. As many of our 
will remember, the old Bury locomotives had bar 
frames, but as far as we are aware edt se | 
ears since a locomotive with such frames was built 
in this country, and English experience is certainly 
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opposed to their employment. To our minds the 
ge frames, as used here, are far preferable to the 

frames employed in the United States, both 
from the convenience they afford for the attachment 
of stays, &c., and from the fact that they take up 
much less room between the wheels and the firebox, 
and thus allow of a greater width of firegrate than 
can be obtained with bar frames. We are aware 
that plate frames have been tried in America with, 
it is said, unsatisfactory results; but we never had 
the opportunity of examining drawings of the engines 
fitted with these frames, and we are thus unable to 
state how far the failure was due to the adoption of 
unsuitable proportions instead of to any internal 
defect in the system. We shall, however, have more 
to say about American locomotive framing when de- 
scribing some other engines which we shall illustrate 
in greater detail than those of which we give en- 
gravings this week. 

To return to the engine under notice. The boiler 
is made for using anthracite coal, and has the long 
firebox and water tube grate commonly employed in 
the United States for this fuel. ‘The firebox is 8 ft. 
long inside at the bottom, and a short combustion 
chamber is formed by flanging the front-plate 
forward to join the Po, Ma e latter plate not 
extending down to the grate as in English engines. 
The back of the firebox casing, as well as of the 
firebox, is inclined forward, as shown. The firebox 
is shallow, and hence, notwithstanding its great 
length, it only exposes 101} square feet of heating 
surface. The boiler contains 175 tubes 2in. in 
diameter outside, and 10 ft. 53 in. long, these tubes 
exposing an external surface of 954.26 square feet, 
thus ing the total heating surface 1055.76 square 
feet. The firegrate area is 22.96 square feet, this 
being equal to 7.44 times the area through the tubes, 
and 16.44 times the least sectional area of chimney. 








The firebox is of steel, the tube-plate being } in. 
and the remaining plates ¥, in. thick. The fire hole 
ring, it will be noticed, is formed by flanging the 
back plate of the firebox outwards and ging 
the back plate of the casing in to lapit. The water 
a around the firebox are large, being 3 in. at 
the back and sides, and 4in. at the front, The 
boiler is worked at a pressure of 140 lb. per square 
inch, this being a higher pressure than that declared 
for any of the other locomotives exhibited at Phila- 
delphia with the exception of the small engine by 
the same makers, which we also illustrate this week. 

It will be seen from the transverse section which 
we give on the present page, and from Fig. 1 of our 
two-page engraving, that the firebox crown of the 
engine under notice is strengthened by roof-stays 
placed transversely, these stays being connected tothe 
outer casing by sling stays which are disposed so as 
to be approximately radial{to that casing. This 
mode of staying obviously tends to produce a bulg- 
ing of the casing plates at the sides, and to resist 
this the sides are tied together by strong transverse 
stays situated between the roof-stays just above the 
firebox crown. 

As regards the remaining details we may notice 
that the regulator or throttle valve, as it is generally 
called in the United States, is of the equilibrium 
type, a type which appears to have almost com- 
pletely supplanted any other in American practice, 
although it is now used by but few locomotive en- 
gineers here. Another detail which will be noticed 
as differing from English practice is the adoption of 
strap ends for the Maly ire rods. These pny are 
secured by bolts, the driving wheel end of each rod 
being fitted with one cotter and the hind end with 
two cotters for adjusting the brasses. 

We must now speak of the smaller engine shown 
by Figs. 2 and 3 of our two-page engraving. This 


is a six-coupled tank engine for the 3 ft. gauge, and 


its principal dimensions are given in column 14 of 
the two- Table which we published last week. 
The cylin are ll in, in diameter with 16 in- 


stroke, and the wheels, which are all coupled, are 8 ft. 
in diameter, As re the construction of frames 
and mode of fixing the cylinders the engine is similar 
to that which we have ly described, and it will 
be noticed, from Fig. 3, how greatly on such a 
narrow gauge the adoption of the bar frame cramps 
the width of the firebox. Thus in this particular 
engine the width of the firebox inside at the bottom 
is but 17 in., while if plate frames had been used 
this width might have been increased to 21 in. or 
nearly 25 per cent. The narrowness of the firebox 
just alluded to has necessitated an increase in length 
to get the necessary firegrate area, and this again 
has caused the length of the tubes to be kept down 
to 6 ft, 11} in. between tube-plates. There are 92 
tubes, 1} in. in diameter outside, giving 2914 square 
feet of external surfave, while the firebox surface is 
49 square feet, making 3404 square ft. in all, a sur- 
face which is rather moderate for the size of 
engine. The firegrate area is 6.84 square feet, this 
being equal to 3.32 times the flue area through 
tubes and 9.61 times the minimum sectional area of 
the chimney. ‘This engine is intended for burning 
bituminous coal. 

The water is carried in wing tanks containing 600 
gallons, and the fuel in a coal bunker at the rear of 
the foot-plate, The engine weighs 27,225 lb. empty 
or 37,000 lb. in working order, and it looks exceed- 
ingly well placed on its wheels. Altogether, in 
fact, the engine is of a useful type, and will, we should 
anticipate, run well and steadily, The remain- 
ing features of the design will, we think, be readily 
understood from our engravings without special 
notice here, 





THE EXHIBITION OF SCIENTIFIC 
APPARATUS. 
eit ie Fd reece LTR o, IV. 

history of the science of Electricity possesses 
an interest oailbie to itself, and unlike thet of any 
other branch of natural knowledge, from the almost 
unaccountable absence of progress for centuries 
after its existence was known, during which time 
this great power of nature and agent of civilisation 
lay as it were dormant, a state only to be followed 
during the last half century by what Perhaps is the 
most rapid development in the whole history of 
physical research. 
Although statical, or as it used to be called, 
frictional, electricity was known to the ancients 600 
years before the Christian era, having been 
discovered about that time by Thales, of Miletus, 
one of the Seven Sages of Greece, as a property 
belonging to rubbed amber ; although Plato in his 
Timzus, 200 years later, propounded a theory of 
electrical action, and recorded such experiments as 
were made in those days; and ory. , 400 years 
later still, Pliny gave an account of all the electric 
phenomena then known, it does not appear that 
any one ever attempted to obtain by friction the 
same or similar’ effects with any other substance 
than amber, and it was not till the beginning of the 
seventeenth century that Dr. Gilbert, in his book 
“« De Magnete,” placed on record for the first time 
the fact that other bodies besides amber 
similar properties, In that work he gave a list 
of such substances, which included sulphur, glass, 
resin, and several of the precious stones. It is 
strange, however, that among all his experiments 
with these various electrics he was unaware of the 
existence of electric repulsion, in fact he drew the 
distinction between magnetism and electricity, that 
‘‘ the former repelled as well as attracted, whilst the 
latter only attracted.” Sixty years after, Boyle ex- 
perimented with rods and flat surfaces of sulphur, 
glass, and resin, rubbed by the hand and by woollen 
substances, and he was the first to observe the 
luminosity of the electric spark. 
In the year 1670 the first great step towards the 
study of electric phenomena was made in the 
invention of the electrical machine, by Otto von © 
Guericke, the phi and burgomeister of Mag- 
deburg, who was also the inventor of the air pump. 
Otto von Guericke’s machine consisted of a glo 
of sulphur, mounted upon an axis, and furnished 
with a winch handle, by which it was turned, while 
the palm of the hand was pressed upon it as a rubber. 
With this sulphur ball and hand-rubber Otto von 
Guericke obtained greater quantities of electricity 





than had ever before been produced, and made the 











ot New wee ee 







ee et we eee - 






Te em = 







sete tee 



































































26 ENGINEERING. [Jury 14, 1876. 
important discovery that electric attraction its supports. It has a tontahe cushion of leather Gendny san eae ‘i ome of o— 3 ser “ 


crackling of the to that prod by 
Ce ne gg te et one of these crack- 
lings,” he says, ‘ produced a little flash of light, 
athe adds this very remarkable sentence: ‘‘ Thi 
light and crackling seemin some degree to repre- 
sent thunder and poss: 

If the Special ollection had included the 
original machine of Otto von Guericke as it does 
his air pump and his celebrated Magdeburg hemis- 
pheres, the section devoted to electricity would be 
quite complete as illustrating the hi and de- 
velopment of the instruments for producing diffe- 
rences of electro-statical potential. The ball of 
sulphur soon ae place to globes of glass, and the 
friction of the hand was imitated by concave cushions 
of leather ‘pressed — the globe by sprin 
At this stage of the history of electric science the 
collection at South Kensington may be said to com- 
mence. No. 1244 is a very curious old instrument, 
the earliest form of Nairne's machine. It consists of 
a hollow glass globe attached to a vertical metallic 
spindle below it, which spindle passes into a quaint 
moulded box of brass, which conceals bevel wheels, 
or other gearing, by which the motion of a hori- 
zontal shaft projecting from the side of this box is 
to the vertical spindle carrying the 


communica 
globe, By a uliar arrangement of springs, or 
bands of brass, a leather rubber is drawn against 


the revolving globe from the opposite side. It is 


evident from the construction of this machine that perf 


but very feeble results could have been obtained 
from it. It hasno prime conductor, and in its place 
it is surrounded by a cage of brass springs belonging 
to the rubber, and which are in metallic connexion 
with the brass stand of the machine and with the 
rubber itself, so that nearly all the electricity excited 
by the friction would pass away to the earth and to 
the rubber. It is, however, a highly interesting 
machine, as showing the state of electrical know- 
ledge in those days, and is an instance of one of the 
failures by which science is sometimes advanced 
even more than by success. Next to it in the same 
case is another globe machine having two rubbers ; 
the construction of this is an improvement upon 
the last, and being by the same maker was in all pro- 
bability constructed to remedy its defects. 

Not far from these is the electrical machine, said 
to have been Dr. Priestley’s, which is also of very 
quaint desi In this machine, which stands some 
5 ft. from the ground, a glass globe (evidently an 
old chemical condenser) is attached by its neck to a 
horizontal spindle; on this spindle is fixed a small 

ved pulley, over which passes an endless cord 
ph bya — multiplying wheel below. Under- 
neath the revolving globe is a brass cup lined with 
leather, which is pressed upwards against the glass 
by a flat spring attached at its further end to the 
upright support of the machine, The whole is 
supported on a carved three-claw stand, similar to 
those of the old “ dumb waiters,” which are occa- 
sionally seen in old-fashioned houses. Here we 
have an improvement upon the early machines 
of Nairne in an electrical point of view, but 
mechanically its design is as bad as it is possible to 
be. In the first place, the revolving globe overhangs 
a great distance from the sa ge ; it is attached by 
a short - to a long spin * which oe is only 
su yee y two engin, ose together, one on 
pes side of the nye ey; and, to make matters 
worse, the ball is p upwards by the rubber, and 
there is no provision made for egg: Segre spindle 
of this lateral strain, The wonder is that the globe 
could remain attached to the machine during even 
one hour’s working, and it is more than probable 
that it had often to be renewed or re-fixed. The 
construction of this machine appears to be of earlier 
date than Priestley'’s time ; and if it belonged to 
him, he most probably used it as illustrating an 
early form of the electrical machine, 

The substitution of cylinders of glass for the glass 
and sulphur globes was a great improvement; it 
enabled the rubbers to be more perfectly applied, 
and at the same time gave to tho ieindiine wagheaies 
stability. This improvement was made by Hawks- 
bee in the year 1708, and was so much improved by 
Nairne that the cylinder machine is usually identified 
with his name, 

No, 1245 isan interesting example of the electrical 
machine at this stage of its development, It is a 
cylinder machine on a most elaborate brass stand, 
and is driven by multiplying gear concealed within 


stuffed with horsehair, with this exception 
and that of the cylinder itself, all its parts are of 
brass, Itis curious as showing that even at this 
time the difference between conductors and insula- 
tors was unknown. 

In the year 1729 Stephen Grey discovered this 
difference by an accident. He was attempting to 
charge with electricity a wire which was suspended 
from the ceiling by linen pack-thread, and he found 
that the electricity was conveyed away by the thread 
as fast as it was putin. Attributing this leakage to 
the thickness of the thread and not to the conduct- 
ing nature of its material, he substituted for it 
threads of silk which he could obtain much finer, 
and he was rewarded with perfect success; but so 
little did he suspect the real cause of his success that, 
wishing for a still greater improvement, he sus- 
pended his wire by very fine wires which were even 
smaller than the silk, and it was the inevitable failure 
of this experiment that led him to the discovery of 
differences in the conducting powers of various 
materials. From this time until buta few-years back 
electricians have divided all substances into two great 
distinctive classes, the conductors and the non-con- 
ductors or insulators, but the development of 
electrical know] during the last twenty years, 
aided by the delicate instruments for electrical 
measurement, has shown that there is no natural 
distinction into two classes, but that all known 
substances are more or less conductors of electricity, 
differing only in degree ; that between the most perfect 
conductors, such as silver or copper, and the most 
ect insulators as shellac or paraffin, there are an 
infinite number of intermediate points, making it 
impossible to draw a line at any one point where 
conductivity ends or where insulation begins: It is 
the practice now, for convenience in electrical 
measurement, to regard conductivity in its negative 
aspect as the reciprocal of its resistance, that is to 
say, substances which are good conductors are 
looked upon not so much as ing a power of 
conducting electricity as of offering less resistance 
or impediment to the of the electric current. 
The conductivity of a substance is therefore spoken 
of as the resistance of that substance divided by 


unity, 

The discovery, by Grey, of different conductibilities 
of different substances opened the door to the 
correct construction of the electrical machine, and 
about the same time Du Fay detected the existence 
of two distinct conditions of electricity. He found 
that light substances which had been repelled from 
an excited glass rod were attracted by an excited rod 
of resin or sealing-wax, and when repelled from 
sealing-wax were attracted by glass. From this he 
assumed that there were two distinct electricities, or 
fluids, emitted from glass or from resin respectively ; 
he accordingly gave them the names of vifreous 
and resiaous electricity, and these names have held 
their own almost until the present day, No. 1243 
is an interesting machine embodying this discovery 
of Du Fay. It is a double machine, having two 
cylinders, one of glass and the other of red sealing- 
wax, and furnished with rubbers and conductors ; 
the rubber for the glass cylinder is of leather, and 
that for the sealing-wax is of flannel. This machine, 
as well as the machines of Nairne, are contributed 
from the Museum of King George III., at King’s 
College. No. 1668 is a curious machine of dark 
blue glass, mounted on blue glass supports, con- 
tributed by the Kew Committee of the Royal 
Society. This is the original machine with which 
the late Sir Francis Ronalds in 1818 moved pith 
balls on the faces of chronous clocks at a 
distance of eight miles, h copper wires in 
glass tubes laid 
system of signals was enabled to transmit messages 
by electro-statical currents, This machine, and the 
special interest attaching to it, are of later date than 
e first plate machine, but we have referred to it in 
this place as being representative of the earliest 
form of the modern cylinder machine. 

The plate electrical machine dates back a little 
over a century, having been invented by Ramsden, 
in the year 1768. No, 1246 isa very perfect example 


|} of the earliest form of Ramsden’s machine, and it 


is interesting as havi 
as in the usual form of the modern machine, 
also is from the collection at King’s College. The 
modern plate machine is represented at South Ken- 
sington in all its forms, both in the section devoted 
to electricity and magnetism, and in the Educa- 
ti collection. 


four rubbers instead of two, 





in the earth, and by a pre-arranged | th 


This machine is constructed upon the principle 
devised by Winter, of Vienna, which consists in 
placing the rubber as far from the conductor as 
possible, so as to reduce the discharge between the 
—o and negative conductors to a minimum, 
ith this object there is but one rubber, and this 
and the positive conductor are placed at opposite 
ends of the horizontal diameter of the plate. 
Another peculiarity of Winter’s machine is that the 
collecting spikes or ‘“‘rakes” of the positive con- 
ductor are sunk into grooves in mahogany rings of 
circular cross section, which are fixed one on each 
side of the plate, and by this arrangement the dis- 
charge between the metallic parts of the rakes 
(which are imbedded in the ring®) and surroundi 
rom the 


objects is very much reduced. large 
of the oe conductor rises a vertical cylindrical 
stem of polished mahogany, containing a thick brass 


wire, and supporting a e ring of the same con- 
struction, 3 ft. or 4 ft. in diameter ; this not only in- 
creases the capacity of the conductor, but, by acting 
inductively upon surrounding objects (discharge 
being oar or by the mahogany casing), allows 
more electricity to accumulate in the positive con- 
ductor between each spark, and enables this form 
of machine to give longer — than any other. 

Near this machine is a large rectangular glass- 
case, containing a most instructive collection of 
ancient and modern machines, from the curious 
double machine with cylinders of glass and sealing- 
wax to which we have referred to the last improve- 
ments in the fine induction machines of Holtz, 
Bertsch, and Carré. 

These machines, though in general form somewhat 
resembling the frictional plate machine, are in no 
way developments of it. Their origin must be 
traced to the electrophorus of Volta, invented just 
ahundred years ago, and which depends for its 
action upon the fact that an electrified body acts 
inductively upon all surrounding objects, tending to 
make their electrical condition approximate to its 
own, in other words, to increase their electric 
potential. This induction is a decomposition of the 
neutral electricity in the bodies astél uae into its 
two active conditions, the electricity of the same 
name being repelled, while that of a different name 
is att Thus, if a cake of resin or of vulcanite 
be beaten with a catskin its surface becomes nega- 
tively electrified—if now an insulated metal disc be 
— upon the resin the neutral condition of the 
ormer is disturbed or decom its positive 
electricity is attracted to its lower surface (viz. that 
which is in close approximation to the resin) and at 
the same time its corresponding negative electricity 
is repelled to its upper surface. If now this upper 
surface is touched by the finger, or any conductor 
in communication with the earth, this negative 
electricity will escape, and, on the plate being lifted 
by its insulating handle, it will be found to be 
c with positive electricity, and so strongly 
that sparks | be taken from it. In this way, by 
a@ succession contacts, the free elec the 
resin once excited may be employed for o' an 
unlimited quantity of electricity from the earth ; 
indeed, as long as contacts are made, and the elec- 
tricity in the disc is allowed to escape after each 
contact, the process may be repeated for years 
without any fresh excitation, provided the hygro- 
metric state of the atmosphere does not destroy the 
insulation. 

What are called induction machines are 
mechanical developments of the electrophorus, and 
are identical with it in principle ; in fact the name 
‘continuous electrophorus” is often applied to 


em. 
Bertsch’s machine (No. 1235) consists of a circular 
plate of ebonite, which by multiplying gear is made 
to revolverapidly upona horizontal glass axis i 

through its centre; on one side of this des aod 
leaning t its lower half, a sector-shaped 
sheet of ebonite is placed which has previously been 
excited by being beaten with a catskin ; opposite 
this sector on the further side of the revolving plate 
is a comb of spikes directed to it and in contact 
with a metallic ball which is connected with the 
earth. Above this comb, but insulated from it, 


This | and attached to the prime conductor of the machine, 


is a similar one directed towards the the 
spikes in both combs | in the vertical 
diameter of the revolving disc. e action of the 





© 1983 isa fine machine, contributed by Pro- ' diso, 


machine is as follows. e negative electricity of 
the excited sector acting by induction the 
i Goccnposes the electeleity in the comb oppesiie 
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to it, attracting the positive meee to the spikes, 
and repelling the negative to the ball. By the dis- 
charging action of points the positive electricity is 
deposited upon the revolving ebonite plate, which, 
in half a revolution, brings the charged portion 
opposite the points of the upper comb, ugh 
which it gives up the greater part of its electricity 
to the positive conductor, which during the action 
of the machine becomes powerfully charged, If the 
upper conductor be connected with the earth and 
the lower be insulated, electricity accumulates 
in the latter, and it then becomes the prime con- 
ductor. 

Holtz’s machine, of which there are several 
specimens in the collection, is similar so far as 
deriving its first inductive impulse from a separate 
piece of excited ebonite, but its action is not the 
same. In this machine, of which its simplest form 
may be seen in No, 1236, a circular plate of var- 
nished glass is rotated rapidly upon an insulated 
axle close to a second circular disc of glass, which 
is fixed to the stand of the machine, and which has 
a hole in its centre for the axle of the rotating disc 
to pass through without touching. Directed to the 
revolving plate at opposite ends of the horizontal 
diameter are combs similar to those in Bertsch’s 
machine, and which are connected respectively 
with the positive and negative conductors, In 
starting the machine these conductors are con- 
neeted together, and a piece of excited ebonite is 
placed on the other side of the fixed glass plate, 
opposite to the comb, which is in connexion with 
the negative conductor. The machine is then 
rapidly turned; the negative electricity of the 
excited ebonite acts inductively through both glass 
plates decomposing the neutral electricity in the 
two conductorgwhich are joined together attract- 
ing the positive to the one comb, and repelling 
the negative to the other, and these are each dis- 
charged by the points upon the a halves 
of the revolving disc, so that one half is positively 
and the other half is negatively charged. During 
the revolution these opposite charges act inductively 
upon the stationary disc, which is then in a condi- 
tion to take the place of the ebonite plate, ‘and this 
latter can be removed. When the circulation is 
once established the two conductors can be separated 
from one another, anda, di takes place 
between them similar to that between the terminals 
of a Ruhmkorff coil. In No. 1236, as in most of 
the machines upon Holtz’s principle, the fixed disc 
is provided with holes or ‘“‘ windows,” one opposite 
each eomb ; across these holes and partly covering 
them are attached two paper bands called “ arma- 
tures,” having points projecting through the holes 
towards the revolving Fise The use of these holes 
— aes the eee) ro of the fixed 

te upon the revolving plate at the point o ite 
the combs, as such induction welll te to Ee the 
electricity upon the plate and not allow it to escape 
so as to re-chatge the paper armatures, Such ma- 
chines are started by applying the excited ebonite 
to one or other of the r strips which it charges, 
end after a few turns the machine. acts inductively 
by itself, 
A splendid example of Holtz’s machine is No. 
1242, contributed by M. Ruhmkorff. . In this 
machine there are four plates, and the conductors 
are each in communication with a Leyden con- 
denser, for increasing and intensifying the discharge. 
No, 1249 is also a beautiful induction machine, of 
small size, sent by M. Voss, of Berlin. The Royal 
Institution has contributed afine induction machine, 
’ which is in the same case with those of which we 
have been speaking, but does not appear to have a 
number, Close to it isa Carré induction machine, 
contributed by Professor Barrett, of Dublin, 
whom the compilers of the Catalogue have, for 
some inscrutable reason, honoured with the much 
fought over prefix of Reverend. 

In Carré’s machine the sector of ebonite for in- 
ducing the first charge upon the rotating plate is 
replaced by an ebonite disc which is excited by re- 
volving, between rubbers, upon an axis below that 
of the principal plate. The two discs revolve close 
to and parallel to one another, so as to overlap 
without touching. 

Perhaps the most interésting instrument for in- 
creasing electrical potential by the building up by 
induction from a minute charge an indefinite amount 
of electricity, is the very beautiful little isher 
of Sir William Thomson (No, 1268), ed by 
him for regulating the potential of the jar of his 
quadrant electrometer, but as want of space will 
not allow us to describe this instrument in this 
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notice we must defer doing so until we have 
occasion to refer. to Sir William Thomson’s instru. 
ments for the measurement of differences of 
potential. 


WATER WORKS, ANCIENT AND 
MODERN.* 
By E. H. p’Aviepor, 
(Continued page 8.) 

So little having been done in the middle ages, it, 
would be idle to analyse that little and to search 
everywhere for examples. I prefer giving you a 
brief summary of the water supply of Paris, which 
will serve as the best type of what was done during 
all these centuries. ; : 
When this city, which now contains nearly two 
millions of inhabitants, was limited to the ‘two 
islands in the Seine (Cité and St. Louis), its water 
supply was as simple as that accepted by all other 
towns of the period. The dirty water was emptied 
into the river, and the clean (!) water was drawn 
from it again in another pail, if the servant chanced 
to be icularly clean—in the same one if “she 
were y. The difference between dirty water 
(slops) and clean water as was — by this 
pr ing, is not very apparent. ter on, when 








the town extended on both banks of the river to}, 


some distance from them, the inhabitants found out 
that it was a long and tiresome job to have to fetch 
the water from the Seine. It does not appear that 
they had any misgiving whatever as to the quality of 
water so fetched—but it was too far forthem. In the 
year 1183 A.D., therefore, King Philip Augustus 
annexed the aqueduct of the northern springs which 
had been erected some few years previously by the 
monks of St. Martin to supply their monastry, 
and madea present of it to the city of Paris. This 
is the first historical instance of a supply of water 
from springs since the Roman period; the aqueduct 
still exists and continues to supply 40,000 gallons 
daily. The private concessions, which such 
disastrous consequences at Rome, soon began in Paris, 
and after the city had put the aqueduct in thorough 
repair in 1457, it granted the right of water supply 
to private persons so liberally, that the public foun- 
tain erected by Philip Augustus for general use, 


soon ran dry. In.1598 we find the right of water th 


supply actually paid for in cash for the first time: 
the price was 354 francs. Before then the conces- 
sions had been given, as in Rome, gratuitously, as 
a favour or reward, In’ 1606, Sully, King Henry 
IV.’s great minister, recognised the insufficiency of 
the existing works (which were only supplied by the 
two northern springs, Belleville and St. Gervais), 
for the wants of Paris, He therefore erected a 
wooden pumping machine, driven by a turbine, just 
above the Pont Neuf: this filled two cisterns 
erected on the piers of the bridge, from which the 
Louvre Palace and three public fountains were sup- 
plied. This wooden pump was so useful to the 
pa eyes during sun sieges and periodé of 

rought, that it was called the Good Samaritan, and 
was not removed until 1813. The aqueduct of 
Arcueil is more immediately connected with our 
subject; this was opened with much ceremony by 
Marie de Medicis in 1624, after eleven years spent 
in construction. It brought down the water of 
sundry springs near Arcueil, and was at first only 
intended to supply the Luxemburg Palace, but after- 
wards delivered a sufficient quantity err ine l- 
lons daily) for 12 public fountains. The aqueduct 
was only five miles long and.cost 460,000 pounds 
French ; about 40,000/. sterling. But as the abuse 
of patronage by grants of water still continued to 
increase, the new works. only palliated without re- 
moving the evil. According to a table dated 1669, 
which M. Maxime du Camp has found, Paris then had 
85 public fountains which ought to have age 
460,000 litres, or about 100,000 gallons, daily of 
spring water. But the private grants took away 
60,000 gallons, so that y about # of a gallon re- 
mained for each head of the population. As the 
town suffered fearfully every summer from this want 
of water, two great wooden pumping énginés ‘were 
erected on the Seine in 1671, which ly raised 
300,000 gallons a day out of the river, and in the 
course of the 18th century this quantity was some- 
what increased. Several magnificent fountains deco. 
rated with statuary were erected in Louis XIV.’s 
reign ; they were very handsome, but all ha 
fault, of never supplying any water. This mi 





* A course of papers delivered at the Austrian 


| 37 
also projected the execution of an aqueduct which 
was to surpass eve the Romans had ever 
constructed. He intended to bring water from the 
river Eure to Versailles and Paris, and proposed 
executing works of a total length of nearly 100 


English miles. They were begun and even continued 
for somé time ; a row of arches about three miles long 
was commenced and many of the piers carried up 
to the n ; this work was to have been no less 
than 230 ft. in tlie centre, and was to bear the 
fhathe of Madame de Maintenon. It would have 
supplied Paris with about 25 million gallons daily of 
very water. For though Louis XIV. wished 
to rival the Roman aqueducts in magnificence and 
andeur, neither he nor his ministers seemed to 
2 Bemis percei oe ae the —— object of the 
Roman wor! ‘ very raison d étre, was to suppl 
ae aad fo water. Instead of doouing’ be 
ly, from pos 8 the king intended to take 
it from the river Eure : far from ing the aque- 
duct jealously from dust, vegetable matter, and 
yey he a an open conduit ex- 
ed to the air; inst of protecting the water 
m frost aiid sun by covering it with a thick layer 
‘Of earth; the supply would have become tepid in the 
‘sammer, and occasi frozen or interrupted alto- 
er in the winter. r nearly 20 millions of 
ancs had ‘been spent on this huge work, and many 
hundred workmen collected by forced levies had 
it was at last abandoned. The total 
e which would no doubt have been exceeded, 
was 80 ons of francs. 
the year 1782 Périer erected a steam pump, 
which raised the river water 110 ft., and distributed 
it to the Quartier St. Honoré ; but the choice of the 
station was very bad, being immediately below the 
city and in close proximity to a number of outfall 
sewers. With this pumping station closes the series 
of works executed for the water supply of Paris, be- 
fore the great development of industry and science, 


and impetus taken by large cities which 
‘the commencement of the nineteenth 
wes ttempted, as far as lies i . 
now attempted, as far as lies in m er 
to draw a ‘hath of Wah ons Beat tae the 
water supply of towns in ancient times and during 
e ages. Ap mee tnpout ies: te mention 
all the constructions erected for the purpose of water 


supply in different countries, much less to describe 
them, without far exceeding the limits of a course of 
lectures, I chose the two most interesting towns, 
which had the greatest influence on the development 
of our subject, out of the mass of available mate. 
rial, viz., Ancient Rome, whose history, up to the 
fifth century of our era, is almost equivalent to that 
of the civilised world; then Paris, in which latter 
town I attempted to trace the gradual progress from 
the dirty obscurity of remote ages to the approximate 

hysical, if not moral, cleanliness of m times. 

am not myself in a position to judge how far I have 
succeeded in giving a clear although condensed view 
of this subject; but, at any rate, I think it as wellto 
summarise briefly the historical conclusions to which 
we have come, so as to make these results perfectly 


compen 
e find, during the Roman period, constant en- 
deavours to obtain fresh,and perfectly pure spring 
water in pan of quantities ; the erection of many mag- 
nificent expensive aqueducts for the supply of 
such water; a system of private supply, which was 
certainly faulty enough, but very extensive and al- 
most gratuitous ; an extravagantly liberal supply to 
wells, fountains, grvteitows public baths, other 
establishments ; finally, continual neglect of neces- 
sary repairs in the aqueducts, and, therefore, an im- 
menege waste of water. 

During the middle ages we remark, first of all, 
that the t edifices, which the Romans had con- 
structed in Italy and in many parts of Europe, were 


allowed to into ete decay; that there 
existed no ition of value of water at all, 
and no trace of any endeavour to obtain any quan- 


tity of wholesome water ; the notion of supply was 
limited to fetching the water required out of, the 
nearest stream available; later, when the town ex- 
tended and dreadful sufferings had been caused by 
droughts in hot summers, some small works to 
springs into different towns were indeed intro 

—as at Paris, Lyons, and Vienna—none of which, 
in com 


of public and private wells and the 
fountains; but still, up to the end of the 
tury, no trace of any attempt ate general 





Tnstituti 
of , December, 1875, and January, 
1876. These papers now appear in print for the first time. 
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concessions given to particular corporations and in- 
dividuals for the pu of tapping the mains. 
With these conclusions in our minds we now come 
to modern times, when water is once more appre- 
ciated at its true value. But we have still long to 
wait before we see engineers and doctors find out 
that there are many different sorts of water. At the 
commencement of this century water was water—as 
long as it was drinkable and did not absolutely stink, 
it was considered good enough, and many years 
passed before even engineers and chemists came to 
the conclusion that the preservation of health in the 
human body depends to a great extent upon a suffi- 
cientsupply of pure water. Indeed, I must confess that 
the ideas on this subject are hardly quite clear yet, 
and that many supporters of river-water supply con- 
sider the pollution of water, up to a certain extent, 
to be permissible and innocuous, This is a very tick- 
lish question, which has given rise to innumerable 
discussions and polemical pamphlets. Really pure 
water—that is, water without any foreign admixture 
whatever—can only be supplied in the laboratory by 
means of distillation ; and even rain water, which is 
theoretically pure, is practically always more or less 
contaminated by contact with the air through which 
it falls. Thus, rain water collected in London is so 
much polluted by carbon and as to be worse than 
that of contaminated wells; while the contents of the 
cisterns constructed in India for the storage of water 
falling during the pom | season are frequently most 
excellent in quality and almost pure. Fortunately, 
absolute purity is not required, and the quarrel] turns 
only on the point how much, and what description 
of pollution may be admitted into water without 
making it unwholesome? It is at any rate certain, 
that water containing ammonia, or polluted by de- 
caying organic and particularly animal matter, is 
cukienaiytnuniown to the human body ; and that, 
in many cases, diseases of the intestines and perni- 
cious fevers can be traced to the use of it. Many 
chemists and physicians maintain that the germs of 
typhus and cholera (particularly those arising from 
excreta of sick Wage pe. can be conveyed in 
water, and are capable of producing these diseases 
after a long period, and notwithstanding a ae 
flow under or above ground, And this opinion 





COMBINED VERTICAL ENGINE AND BOILER. 
CONSTRUCTED BY MR. ALFRED DODMAN, ENGINEER, KING’S LYNN. 
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gathered force byrecent experiences in England, not- 
withstanding the opposite view of so eminent a man 
as Professor Péttenkofer, of Munich. It is true that 
these germs have hitherto escaped chemical analysis, 
and the view that they are directly poisonous cannot 
therefore be declared as absolutely proven. But it 
is absolutely indisputable that water contaminated 
by certain organic matter is extremely injurious, and 
that certain inorganic matters (¢.g., sulphur) are also 
very unwholesome. As it therefore appears certain 
that pure water is wholesome, while, on the other 
hand, polluted water is unwholesome and may be 
poisonous, common sense should cause us to look for 
the purest possible water whenever a supply is re- 
quired for any given town; and it must not be for- 
gotten that this should be such as not to be exposed 
to any future pollution. The cost should be quite 
a secondary consideration. A whole town may be 
poisoned by the supply of water being exposed to 
contamination, and engineers may actually, though 
unwittingly, now commit the same crime on a 
scale which was often falsely charged to the Jews in 
the middle ages, viz., that of poisoning the wells, 
and this poisoning will be all the more serious in its 
| consequences as the supply to private houses is more 
| general and more perfect. Cases have recently oc- 
| curred which prove this fear not to be entirely 
| groundless, for there is no doubt that some recent 
| violent explosions of typhoid fever were due to the 
| pollution of the water supply only, and are in fact 
| nothing but cases of poisoning. It seems clear, 
therefore, that the first and principal care of the 
| water works’ engineer should be to supply the purest 
| possible water ; and we must sincerely regret that 
| the cost should be considered at all, when it is a 
| question between water of different degrees of 
| purity. 

I have discussed this question at greater length 
than I ought perhaps to have done with regard to 
the space allotted me, because I consider it so im- 
portant that in all future works for the supply of 

| water to towns, the quality of the water should 
| first of all be considered without regard to its 
distance, its altitude or the cost of bringing it, while 
unfortunately even in 

so frequently neglected. 








nd you will 








d its importance is | 
the more | 

















inclined to forgive my standing up for this cause, 
that you can all of you go away from this institution 
with the consciousness, that the Vienna aqueduct 
supplies water of the purest quality, perfectly whole- 
some, wt ew cool, and that no pollution of it 
need be fi at any future time. respect to 
the quality of water these springs can compete 
successfully with all the great water works executed 
in modern times, and carry away the palm even from 
Ancient Rome itself. 

(To be continued.) \o\ 








DODMAN’S VERTICAL ENGINE. 

We illustrate above a type of combined vertical engine 
and boiler, constructed by Mr. Alfred Dodman, of King’s 
Lynn, who will exhibit several examples of these engines at 
the Royal Agricultural Society’s Show at Birmingham, next 
week. We have before commended the neat design of Mr. 
Dodman’s engines, and we now give sectional views, show- 
ing the chief feature of novelty about them, namely, the 
combined stop and throttle valve. This is an equilibrium 
valve, the spindle connected to which passes out at the 
bottom of the valve chest, as shown. The spindle is en- 
circled, outside the valve chest, by a helical spring, against 
which a handwheel P, fitting a screw on the spindle, bears. 
Below the handwheel the spindle terminates in a cone 
centre, which bears upon the steel step at the top of the 
weight of the governor. 

To start the engine the handwheel P is turned so as to 
compress the spring and caufe the latter to raise the valve 
from its seat, thus allowing the steam to pass through the 
pipe E F to the cylinder. If the engine runs too fast, how- 
ever, the balls of the high speed governor fly out, raising 
the cap above them, and by further compressing the spring o 
closing the equilibrium valve a greater or lessextent. Of 
course the more the handwheel P is screwed up, the higher 
will be the speed of engine required to close the valve, and 
thus the higher the speed at which the engine will run. The 
action of the governor is very sensitive, and the whole 
arrangement is well worked out, and affords a ready means 
of adjustment. 





Frencu MEcHANICAL eee pe balance 
of 15091. brought forward from 1874, the profits of the 
Chatillon and Commentry Forges Company, in 1875, 
amounted to 81,206). Of this amount, 60,0007. was de- 
voted to the payment of a dividend of 21. 8s. per share. 
The latest available intelli as to the French iron 
trade states that rails and girders are somewhat neglected. 


VicroriIan Rartwayrs.—The Government of Victoria, 
Australia, contemplates a further loan for railway exten- 
sions. The amount roposed to be expended upon new 
Victorian railway works is 1,396,0001. Some of the recently 
pecnccae «Pg aan - Rar lhewedlrny ae od Ne ag ayn 
very profitable results at present, but probably they are 
conferring indirect benefits upon the colony. 
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LOCOMOTIVES FOR THE FIRST CHINESE RAILWAY. 


RANSOMES AND RAPIER, ENGINEERS, IPSWICH. 


CONSTRUCTED BY MESSRS. 














A RAILWAY IN CHINA. 

Tue Celestial Empire has at length become the 
scene of railway operations, and, although only on 
a small scale at present, it leads to the hope that 
the present may prove the precursor of many lines. 
The question has been agitated for some years past, 
the Chinese proving very difficult to be persuaded of 


the advan of the railway system. In ]873 it 
was proposed to subscribe for a short line of railway 
which was to be made and presented to his Majesty 
the Emperor. The scheme was well supported here, 
and was warmly discussed when the Iron and Steel 
Institute visited Liége in 1873. At that time Mr. R. 
C. Rapier, of the firm of Ransomes and Rapier, of 
Westminster and Ipswich, had a special audience of 
the King of the Belgians upon the subject, and the 
leading members of the English and Belgian iron 
trades gave their adhesion to the project. But it 
fell through on account of political reasons which 
interfered to prevent the consummation of the 
plans. There were, however, some gentlemen who 
were moving in another direction at the same time, 
and with the same object—that of introducing rail- 
ways into China. These were Messrs. Jardine, 
Matheson, and Co., of London and Shanghae, who, 
with their friends in both countries, had purchased 
land for a carriage road from Shanghae to Woosung. 
The notion of a railway, of course, soon occurred to 
them, and they had estimates made for a line between 
those points, which are 10 miles apart, The estimates 
however were high, and as there was a risk attending 
the investment, the project of an expensive railway 
was abandoned, 











So far Messrs. Jardine’sscheme, Messrs, Ransomes 
and Rapier still clung to the belief that an opportu- 
nity would offer for the introduction of railways in 
China,and they constructed a small locomotive—the 
Pioneer—which they intended to send over, when 
practicable, to demonstrate the feasibility of a loco- 
motive railway. ‘The opportunity in time offered for 
placing it upon Messrs. Jardine’s —— line, and 
it was forthwith sent to China, That arrangement 
having been settled, Mr. Rapier prepared the esti- 
mates for a cheap line of railway with a 2 ft. 6 in, 
gauge, and a station at Kangwan, a poi ay 
between the twotermini. The estimate was 30,000/., 
and the contract was let to Mr. John Dixon, of 
London. The line was commenced in January last, 
and has been constructed from Shanghae to Kangwan 
—half its length—and thus far it was opened on 
the 30th ultimo. The remainder of the line is 
well advanced, and is expected to oe ee in 
a short time. The line was easy to e, being 
unattended with any engineering difficulties what- 
ever, It is laid with 27-lb. rails of the Vignoles 
section, on cross sleepers, The little engine 
Pioneer, of which we give a perspective view 
on the present page, was specially built to be 
the smallest practicable engine to travel 20 miles 
an hour or to haul 20 tons, The cylinders are 6 in. 
diameter with a 6 in. stroke. The engine is carried 


on four wheels 18 in. in diameter, all coupled and | be 


all fitted with brakes, the wheel base being 2 ft. 6 in. 
It has 35 square feet of heating surface and | square 
foot of grate area, and its weight in working order 


in effecting its intended purpose, that of disarming 
the prejudices of the Chinese, the engine performing 
y appreciable work, and yet being so small as to 
cause any opposition to appear quite ridiculous. This 
primary difficulty was overcome during March and 
April last, and the larger-sized engines for working 
the line arrived out in May last, ready for the 


opening. 

These latter engines are two in number, and have 
been respectively named the Celestial Empire 
and the Flowery Land. One of them — the 
Flowery Land—will be seen illustrated with the 
Pioneer, in the annexed engravings. These locomo- 
tives were designed by Messrs. Ransomes and 
Rapier, by whom they were also manufactured. 
The type of engine was determined on to suit the 
local circumstances of the line, high speed being 
of less consequence than hauling power. The 
length of wheel base is 7 ft, 6 in., and the wheels, 
2 ft, 3 in. in diameter, are six in number, all coupled 
and fitted with brakes. The cylinders are 8 in. 
diameter by 10 in. stroke. The barrel of the boiler 
is 2 ft. diameter, the tubes being 13 in. diameter and 
6 ft. long. The total heating surface is 150 squaie 
feet, and the grate area 4 square feet, the weight 
in working order being 9 tons. The water is 
carried in side tanks, The boiler and frame 
are throughout of Low Moor iron, and the boiler is 
constructed for a working pressure of 200 lbs,, but 
it is intended to be used only up to 120 lbs. This 
excess of strength of the boiler is to meet any con- 
tingencies that may arise at the hands of the Chinese 
firemen, The railway is fitted with double water- 
supply tanks at each end of the line, so as to allow 
the water in all cases one day to settle. In order to 
fully cover the liability of g short of clean water, 
the water tanks of the engines are made large enough 
to run two double trips. Before being sent away 
these engines were fully tested at Ipswich to four 
times the maximum duty which they are ever likely to 
be called upon to perform in China. The trips which 
these engines have to run being short, the fire will 
often be brightest at the end of the journey, and the 
stoppages being long, the engines are provided with 
extra steam space by having both a high-topped fire- 
box and adome, and are also furnished with an extra 
large Gifford’s injector, so as to fill up the boiler 
quickly when standing. The feed-pump is also of 
extra size. The frames are $ in. thick, and planed 
all over, the axle-box guides being of wrought 
iron and rivetted on to the frame. The springs 
are hung underneath the axle-boxes. The wheels 
have steel tyres and Low Moor axles. The engines 
are fitted with all the usual appliances, and 
have throughout been made with special care, having 
regard to their important destination. ‘The carriages 
are first, second, and third-class, of substantial con- 
struction and plain but neat appearance. 

The opening on the 30th ult. was highly success- 
ful, the Chinese taking readily to what in official 
quarters was looked upon as an innovation. They 
were conveyed up and down the line, free of charge, 
all the day following the opening, and on Monday 
week the line was opened for regular working. Six 
trains are run daily each way, and recent telegrams 
state that they are all crowded with passengers, and 
that the cash receipts are highly satisfactory. So 
far, then, the line appears to be a success, and as 
the anticipated ianeshcenes on the part of the au- 
thorities has not been manifested, it is to be hoped 
that the Shanghae line will prove to be the first 
instalment of a vast system of Chinese railways. 
Whether regarded from a military or a commercial 
point of view, there can be no question that rail- 
ways would prove of immense benefit to that vast 
and densely populated country. 








THE STRENGTH OF BOILER FLUES. 
To THE Ep1IToR OF ENGINEERING. _ : 

Srz,—If you are willing to it any further discussion 
of ‘‘ The Strength of Boi nes,”’ perhaps you will allow 
me to state that in anticipation of the difficulty or incon- 
venience some might find in using Fairbairn’s more exact 
formula, I have given in my ‘‘ Treatise on Steam Boilers” 
a Table, somewhat similar to that of Professor Unwin in 
his letter in ENarnerrine this week, of the values of 
12.19 for plates from ¥s in. to fin. thick odvancing by Seat, 
seconds. For some of your readers who have Tables of 


Frome yoy. Ryden nba out by the rule with con- 
stant ¢? the following multipli 


‘or converting the results 
to make them agree with those worked out with ¢*!* may 


useful : 
hickness vein., tin., %in., Pin., Yein., }in.; Yin., fin. 
: Hein, Linn in» fm Be’ ae” 0” 00. 


tiplier .73 
mT found by using {* when multi- 
plied by the above coefficients for 





is30cwt, This engine has most completely succeeded 


ilapsi 
el gay : any thickness of plate 
will give the pressure found by using 19, 
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It is evidently a Professor Unwin’s when he 
bs ad alah on ng equation (8) the to use 


poe Try the smallness of the 
coeffi in that equation outweighs what is saved in 


thickness # instead of ¢ with the larger co- 
by using 


your correspondent justly remarks, the three rules 

aidter widely that it is not indifferent which is chosen, 

but he does not point out that the extreme formulw are 
tively applicable for extreme cases 

a Bor very long tubes, with the longitudinal 

formala having the highest 


~- rr cgay gy Be ame 


, the formula which allows 

. This is owing to the 

the constant / in its present unsatisfactory form 

tor. In confirmation of the oe = 

pressed, I say that fo: it was— so far 
oe I knowit still isthe practic ofthe Boiler Inspection and 
Insurance Companies in or insuring boilers 
with long tubes from 20f¢ to 361 to 36ft. in ,and having the 
t seams breaking joint, to allow a factor of safety of 

3, and sometimes even less, the collapsing pressure 

by Fairbairn’s rule, with the constant 

is practice extended to tubes from ,, to y, thick, 

not deviating more than about twice the thickness of late 
from the true circle. Now, according to Fairbairn, there 
is a loss of about 30 yy where the circular form is 
the tubes with longitudinal lap 

ent that led to this conclusion of 

airbairn, i fievntion from the true circle was about y, the 


ents to an ordinary lap-jointed boiler tube of jin. 

plates, whose collapsing pressure, acco to the rule with 
pe should be 100 Ib., this pressure should, hans do to the 
more exact rule, be ‘reduced to 83lb. This must be further 
cent. i — uence of the oval form due 

of 100 Ib., we get 58 Ib. as 

ont as a boiler with such a tube 


“ safety of less Tee's two in a great many cases, 
metiea more upon his experience than the logical 
deductions from his experiments. 

The fact of Fairbairn’s being content to guarantee exist- 
ing boilers having what may be considered at the utmost a 
margin of safety of three, can only be reconciled with bis 
repeated statements that no less factor of safety than eight, 
or of six under the most unfavourable circumstances, shoul 
be allowed, by the fact that the guarantee only lasted 
twelve months after the boilers had been inspected. Again, 
there are plenty of old-fashioned boilers, over 30 ft. long, 

hened, of at least 3 ft. 9 in. 
in diameter, and nearly, if not quite, 1 in. oval, that have 
worked for years at ‘Tb. pressure, and many that have 
been tested to 70 Ib. without collapsing. At the same time 
it must be admitted that too many flues of similar dimensions 
have collapsed, their non-circular shape having been un- 
suspected or having beco become gradually or suddenly worse 
through treacherous overheating or other und cause. 

Another instance in rt of the correctness of the rule 
for long tubes is furnished by the fact that the old-fashioned 
Galloway boilers with badly es oval flues, made about 
thirty years ago, Se worked at 45 lb. or 50 lb. pres- 
eure for years, and collapsed with disastrous results at 
about 60 Ib. under steam, or harmlessly under the same 
amount of hydraulic pressure. So much to show that we 
are justified by experience in using Fairbairn’s rule for long 
tubes with longitudinal seams breaking joint. 

With respect to the a res: of the same rule to short 
tubes I have fe already. attempted in a former letter to show 
that here the rule is altogether untrustworthy, and that 
under a certain length the strength would be determined 
rather by the resistance to crushing than by the resistance 
to collapse, as given by the rule, and that the constants 
Land ¢ are not always admissible in their present form. 
For what ratios of | h to diameter and of diameter to 
thickness the a gan ny of one rule should cease and the 
other begin, is the int to be determined, and perhaps can 
only be witiafectorily settled by future experiments. In my 
former letter I have attempted to show how this point may 
be oe Ties for the present until we have more 

rimen' 
Se admit, as Professor Unwie states, that the “ cal- 
the direct crushing resistance” given is not 
ey correct, but no more is Fairbairn’s rule. The 
former ignores the influence of the ends, the latter ignores 
ee — ultimate strength and elastic limit of the material ; 
re the influence of th 
e for the 


Siaktoe ames on a very estimate of the 
crushing resistance of — I admit it does ; but from the 
experimental knowledge I can gather on the subject, twelve 
tons is the ny onelive rome that can be relied 
upon for o tes, which are not a solid 
ue ae = inch wit an | that ane 
from ns per square withovt cracking, but 
aoe vary eat badly any Na de in haga words, — 
Considering num rs) larger isters 
fount especially on the fireside of boiler fies, where they 
are developed by the heat and ultimately burst after the 
iron suffers from the heating and cooling, the 
soacien seregi of sack % bes must be determined by what 
laminated plates will bear. And here we meet with a 
very uncertain element, as the resistance to crushing will 
depend on the number of layers and their thickness and 
arrangement ; I therefore assumed 12 tons as the crush- 
ing and many will consider it is not too little. 
term “‘ crippling’’ would have been better than 
** crushing” to express the manner in which I 


Applying Fairbairn’s deductions from his ‘own a. 


id | before large welded tubes becom 
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assume the noo would yield. 
Rankine’s 


The agar O00 
ble, namely, 36,000 Ib. 
resistance to 


to direct crushing, never appeared a ane 
tory to me when taken together with his statement that, 
“in ib nee, the sesietanes te Ho Sue of 

oxt thee, on as it can be is fre 
soe tnieds to four-fi hs of the tenacity.’”” Now 
the tenacity of short hocks at 25 tons, we should ae, 
fo the above, the resistance to direct crushing 

37,000 Ib. bey = and taking the tenacit eyhte y 
19 tons across fibre, we should have the figures at 
28,000 Ib. to 34, 000 Ib., the smallest of which is not much 
over 12 tons. 

It is not very clear why your correspondent quotes his 
own experiments | in answer to a question on the resistance 
to compression, since, as he says, the iron was very much 
compressed, which shows that its power to resist compres- 
sion (in the only sense it can be when Ni of the 
resisting power of tubes) had been far 

With respect to the influence of the ends ; 
for short tubes than for long a | the amount of t 
fluence is just one of the Me eager When 
we come to tubes of such'a short longth that mapper oe ging is 
more likely to be determined by the rule for resistance to 
crippling than by Fairbairn’s rule for resistance to collapse 
what in uonen bas ony Sere shortening of the tube upon 
its resistance ? Wha Mey =< => to know is whether a tube 
4 ft. tee ies of Fe. and 18 in. longis three times 
as strong as a similar tu thbe 4 ft. 6 in. long, and whether 
dividing such a 4 ft. 6in. tube into two lengths by means 
of Adamson’s seams or otherwise, will impart “<= “oy (or 
more) strength as making the tube of plates } in. full 
We know that up to a certain limit, by using Pmah 

tangy oF we are enabled to Bag ba atimetees 
ot of tubes, and ee resistance to the 
transmission of heat, = y 80 eons reduce the risk of 
inconvenience arising f at rivet holes and 
elsewhere, and from blistering. This limit is reached 
when the number of rings or rivet holes over the fire are as 
great a disadvantage as the extra thickness they are em- 
ployed to dispense with. Knowing that many tubes 
stren ye a short lengths with Adamson seams are 
found fractured through the rivet holes (mostly over the 
crown), after being at work a short time under a pressure 
corresponding to a load of not more than 1} tons per square 
inch, I should not venture to say that “ is no reason 
why,” with a passive kind of load, the working stress on a 
welded flue should not be 5 tons. 

As to welded tubes, there are so few works capable of 
turning out good welded 4 eteny, that it will 
Apropos of 
welded plates, a few years ago a ae of locomotive 
a were made with the longitudinal seams welded. On 

why the practice had been discontinued, I was 
in a nes that out of four or five firms that had made the 
boilers, only one did this welding really well, and their 
boilers gave the satisfaction ; but the shells made 
by the rest had the welded parts placed all below the water 
level —— with a view to be where they would be least 
seen, as I was informed) and they were found to pit ve 
rapidly. In fact, so much so, that the pitting at the weld- 
ing was more objectionable than the grooving at the 
aay lap joints, which the welding had been introduced to 
obviate 

I think the influence of the length on the resistance to 
collapse admits of a simple en's shies I have, 
however, not yet seen or h the tube 
were perfectly circular, and its s' h on Wd then the 
resistance would not be practically affected by the length. 
Tubes are, however, not even practicall y circular or of 
uniform strength. If we assume a slight flattening or 
deviation from the circle, the tendency of the pressure at 
this weak part would be to increase this deviation. The 
resistance offered to this distortion by the material and by 
the pressure on the rest of the circle would not be affected 
by the length. But before the distortion can take place the 
material must stretch lengthways of the tube. Now, as 
this extension of the material is a factor of the length, it 
follows that with any given pressure this resistance to 
stretching and consequently to distortion will be inversely 
as the length of the tube. By following out the same 
reasoning, it is not difficult to account for the fact cited by 
Professor Unwin, that the number of distortions were found 
to increase with the decrease of the ratio of the length to 
diameter. 

T am, sir, respectfully yours, 
RoBERT WILSON. 
11, St. Bride-street, E.C., July 11, 1876. 








“THE ATLANTIC FERRY.” 
To THe Eprror oF ENGINEERING. 

Str,—Under the above heading, your correspondent “‘W.”’ 
in last week’s issue states ‘‘ that it would be interesting to 
know how it is that the recent powerful additions to the 
Cunard fleet compare so unfavourably i in speed to those 
of the Inman and White Star lines,” andinguires, “Is it 
owing to great depth and beam in relation to length, or in- 
sufficient engine power ?”’ Knowing something of the various 
steamers employed on the “‘ Ferry,”’ with your permission I 
~ venture an explanation of the falling ott of the Cunard 


wT he new Cunard steamers are not so different in ng cog 
to the proportions of length, depth, and breadth from the 
vessels of the other lines as to account for their being so 

much slower. The following are the ney ag 
‘ _ times beam 12 times depth 


13. ” 
thei wer, 000° horse — af 
eir engine power, orse power no: 
h rather small for yessels so large and so recently | 
oes not propel the ships so well as any of f the shi 
longing to the other lines, such as 


alihenet 
built, 
of the same power 





long | the Inman li 


Brussels or Baltic, so that the fault must be in the 
of lines 


, also a large increase in canvas area, which is 
much to be desired. eats Seapemney mypenen  e these in- 
novations that the Cunard in more for safe’ oon 
- — Now, Sir, I think all the vessels of the 

and the recent additions to the Inman fleet, by 
ord passages in all sorts of weather, and by their 

splendid behaviour in the heaviest gales, clearly prove 
t + the modern innovations in every icular have been 
decided improvements upon the old paddle and screw boats, 
with long narrow wooden deck-houses and high bulwarks ; 
indeed one of these innovations, namely, long shi » has 
— much favour with the Cunard line, they aving 

hened several of the best of their older vessels, and 

aft their new ships on that principle. 

Having stated the direct cause of the f off, I think 
that indirectly the athe cause for the recently announced 
improvements about to be made is that the Cunard line has 
been too much on the great reputation which they 
have of ving committed 
to their care, for if they had continued (as in former times) 
always putting on swifter and more elegant steamers than 
the competing lines, it is more than lik would not 
now have a = coming ae to com 

tronage and the carriage C3) with more magni- 
Teonh (ieaenands and the powerful fact that their passages 
occup less time by almost a day. Trusting -you will con- 
sider worthy . place in your jo 

I am, Sir, your obedient servant, 
ONE OF THE FERRYMEN. 
Liverpool, July 10, 1876. 


To THE EDITOR oF ENGINEERING. 

S1z,— Your correspondent ‘‘ W.’’ has opened met as 
which we should much like No see properly ventila 
your columns, as the wide-spread announcement that “‘ the 
Cunard line are about to reorganise their fleet so as to 
adapt it to modern requirements,’’ must mean more than 
the simple abandonment of the paddle-in favour of the 
screw, - t 1% quanene Sate only had ~- eee vessel 

or the eight years. Seeing sucgess 
of the White Star vessels, especially di the The last two 
years, they are possibly about at last to follow them and 
ne and try to make the Cunard line as fast 
and as comfortable as the ships of their spirited opponents, 
but it seems rather late to attempt the change, considering 
that the Cunard Com: for the last ears have re- 
ceived a mail subsidy from the lish vernment of 
70,0001. a year, whilst the Inman line had only 35,0001. 
and the ite Star line nothing. It would be very interest- 
ing to know what advance the rd Company have made 
during this time in which 560,000U. of the public money has 
been paid over to them, as there is an impression that not 
much has been done for it. The present mail contract will 
lapse at the end of the year, and it is just possible that this 
awakening at the eleventh hour may have something to do 
with the new mail contract, and we should like to know 
what our Pranaty << ~mg propose =o in a matter, there 
being a strong feeling amo’ mercantile communi 
that = fastest vessels Merny ss the mails, and "Bal 
every fast steamer crossing ic should carry a 
for o to the Customs pear of the United 
States, if the sworn invoices of a merchant are by 
slow boat and his goods shi by a fast one, the latter 
are liable to confiscation if they arrive before the sworn 
invoices. 

Looking at the progress made by some of the large 
steam companies who are not subsidised but running to all 
parts, itseems as if a subsidy prevented improvement, and 
one seems hardly necessary ip these days between here and 
North America, for with certain —— the mails might 
be carried for the sea postage, an e in this would 
soon give to the different lines their proper position in 
public opinion. 
Your obedient servant, 

MERCHANT. 
July 12, 1876. 


ON THE “EXPANSION” OF STEAM. 
To THE EpIToR OF ENGINEERING. 

S1r,—The days of cheap coal seem to have gone by for 
ever, and so users of steam power have been com to 
adopt various aaqienen Se for economising steam, but only 
on compulsion rench and German manufacturers have, 
a generation ago, adopted various methods of expansion, 
which only now are being pn gee at home ; simply 
because in those countries coal has always a com- 
paratively expensive article. 

In reviewing the various classes of expansive engines now 
in use, we have first and foremost the so. "Then engine, as 
old as the steam engine itself, almost hen comes, in 
point of economy, the “ Corliss engine,’”’ which, however, 
is so complicated and delicate, as to be only suitable for 
long-stroked pode ap a moderate number of revolu- 
tions, and whic be carefully looked after. At sea 

Tailed, on amount of the impossibility of 
the escape edges in order. 
, we have the endless varieties of expansive engines, 
with o slide valves and expansion valves, — 
the valve casing or on the back of the main slide wl 

It is to this latter class of expansive 
intend to ask your readers to devote their een res 


short time. 
If I was to canvass your engineer readers as to the best 
valve to an engine, I should, 


mode of applying a ¢cubalied cava » ceeiee aaa -aiaehe 


I believe, in a 
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That although an expansion slide working on the back of | the latter description, and shows the four grades of expansion | it extremely difficult to ideas before the public 
the main valve was best, it did not much matter in practice | which can be used. The main slide cuts off at, and m | in an intelligible form. i To glad to find iS new 
as to where the ny ware valve is placed ; it might be a| represents the injurious s expressed by a ——s being done in your columns, and I trust the subject will 
Cornish valve on the side of the valve-chest, or a gridiron | length of the cylinder. e losses at the several ies of | receive from engineers the attention it deserves, and as a 
valve in’a similar position, such as is in numbers of | expansion are expressed by the respective rectangles m m, | result the steam-using public will have good reason to be 

n n, for instance, at the earliest cut-off, and mao n at the | thankful. 


cases in large horizontal marine engines, and in almost all 
side-lever engines, of which, by-the-bye, there are h 
in daily use at our various ports for towing purposes. 

I think I shall interest not a few of your friends by 
submitting to their notice the following simple manner of 
ascertaining the loss of power that takes place by applying 


an expansion valve on a separate face, instead of on the | s 


back of the main slide valve. , 

Fig. 1 is a theoretical indicator diagram, from an engine 
with a 30 in. cylinder and 4 ft. 6 in. stroke, having ports 
equal in area to one-sixteenth of the cylinder area; a 
double-ported slide valve, and a Cornish double-beat expan- 
sion valve. The main valve cuts off at 33 in. of the stroke, 
and the expansion is variable from one-seventh to one-third, 
the steam pressure say 40 Ibs. 


40 lbs. Steam. . ze €. 
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The clearances and spaces in this engine work out as 
follows, ‘expressed in portions of the stroke of piston :— 
Clearance at end of cylinder, = } in.; one port is equal in 
cubical contents to 2 in. length of cylinder ; and the space 
in the valve-chest and expansion valve, less the displacement 
due to the main valve, is equal to 6 in. of ‘stroke... These 
areas are added to the front of the diagram in broken lines 
in the well-known manner, and the first thing that strikes 
us is, that the real amount of expansion is only about one- 
half the nominal amount at the highest grade. 

When the piston arrives at the point where the main 
valve cuts off the steam, the expansion curve becomes 
altered, as the steam in the valve casing no longer helps to 
n- up the pressure in the cylinder. 

The pressure in the slide jacket at the time the main 
valve closes, has of course fallen considerably, and on the 
expansion valve re-opening, the whole of this space, eq 
to 6 in. of the length of cylinder, has to be filled with boiler 
steam, out of which the only work we get is that due to its 
expansion; the work we might have obtained from the 
boiler pressure, so to speak, is all lost. 

How much do we lose? Why clearly the work repre- 
sented by the rectangle a a, ee (at the highest grade of 
expansion); that is, area of piston X pressure @ e X 
length of stroke e e ; for ¢ e is to the length of our indicator 
diagram, as 6 in. is to the stroke of piston. 

By measuring a a, ee, and also the diagram with a plani- 
meter and comparing the areas, we get the loss from the 
source under consideration, and it is no less than 14 per 
cent. at the earliest ent-off and 6 per cent. at the latest. 
Here is surely no small waste of steam. 

_ I have found, by careful calculation of similar 
in a number of engines, some of them quite new, that the 
loss from this source varies from 5 per cent. to 20 per 


cent. 
The s between the main and ion valves I 
found to be from 3 in. to 7 in. of the length of cylinder. It 


was smallest when a gridiron valve was placed on the back 
of the chest, and largest when a Cornish expansion valve 
=e used in combination with a double-ported main slide 
ve. 
Fig. 2 is a real indicator diagram, from an engine of 








latest ; they are respectively 19 per cent. and 6 per cent. 

Fig. 3 is from an engine with a single-ported main slide, 
a very small valve chest, and an expansion slide on the back 
of the latter. i 
This case_ com favourably with the others. The 
am pore are sal, and ‘of net space botwgen the Ne 
slides 1s eq or ngto o ©, whic 
is 4 ft. 6.im 5 the toon io’ Pep mn 

1 vals fon the 





wer by 
of the 
valves, 

pres- 


In confusion, 













vie difference Retreem initial 
ink 

( hat inthe casing etn the main sie val 
.. At is consequently adyantageous in cases to 
make Semein 0) weclose early. 
d 2 ome eda etaetages th tin eulindic ta 
ue . 
I map. ah oben jah dha rooney pempe power 
by long ports by this mode of treatment. 
atid > Tam, yours.traly, 
i 4! Marine ENGINEER. 


LP SS 
‘DISHED ENDS.FOR BOILERS, 
To THE Eprron or ENGINEERING. 
S1r,~Your last issue contains, in the first column of the 
14th page; @ very fr oi | concerning the dished ends 
rs or . 


T need not the passage 
pa ag ted g mae 





wong Shy ceatholdet Gk SME GPE not aprie, 
. gas-ho case you not apply. 
The tops of these are not usually segments of spheres. " 


uly 11 1878. yO We PDA 


i the error into which he has fallen, we may clear u: 
contiderel 


ent’s letter, because, in ex- | B 


trul 
ey | 8. Hus, 


PEAUCELLIER’S PARALLEL MOTION. 
To THE EpIToR or ENGINEERING. 

_Stm,—One of the most interesting +. that the Exhi- 
bition of Scientific Apparatus at South Kensington has been 
the means of calling the attention of the mechanical public 
to is that of link motion. Professor Clifford mentions in 
the admirable ‘‘ Handbook,”’ p. 69, M. Peancelliers’s so- 
called ‘ exact el motion,’’ or more correctly speaking, 
a link motion for describing a straight line. The enclosed 
demonstration was shown me recently by a friend, and I 
venture to you will think it of sufficient interest to find 
a.corner for it in your journal, which has already done so 
much towards information of this kind accessible 
to the —— 7 reader, The chief names of English in- 
vestigators of this branch of Agree Science are Professor 
Sylvester, Mr. Hart, and Mr. A. B. Kempe, some of whom 
it is to be hoped will — a treatise ere long. 

- Iam, Sir, yours truly, 
J. Rominity ALuEN. 
5, Albert-terrace, Regent’s Park, N.W., July 8, 1876. 


af 


Canton, Cardiff, July 8, 1876. 














OB, OC are two links of equal length moving round 
fixed centre O. . 
AB, AC, PB, PC are four links of equal length forming 
a is aa jointed to the twoformer links at their extremities 


and C. 
AQ is a single link moving round fixed centre Q, and 
jointea to the rhombus BC at A. 8 


the doubts of others who have not thorough, a ie sa 
the subject. To explain where our peetibpabdent is wrong,| The length of AQ=} OA when the link is in its initial 
we have added some dotted lines to his diagram, Fig. 2. if re indicated by the thick lines on the diagram. 
now we, in the st plac » suppose the dished plate ab to a abpc be any new position of the link arrange- 
orm a vessel, it is eviden » when . ‘ 

pic ecg Parte pressure, it will be in tension, and that From point B let fall dicular B M on O P join Aa. 
this tension, at the point b, may be represented in amount| Nowsince | OB'=BP'+0P!—20 P.P M (Eu. II., 12) 
and direction by a tangential line drawn from tliat point. OB*—B P*=0P (0 P—2P M) 

Let be be such a line. If now the dished plate ab be re- =0P (0 P—A P) 

moved from a spherical vessel to the end of a =O0P.0A a 

cylindrical boiler, as indicated by thedotted lines afbd,it| But OB and BP are constant quantities. 

will, when subjected to internal pressure as before, still be| °° - OF Od is cemeene nara of the link. 
subject at b to the tension ted by the line bc; but} -°'° ? =Up -.V4a, | : 

paves as the shell of the boiler esd hot extend in the} +*- Acircle may be described round the points A Ppa 


direction of this line, the strain 6 ¢ will/be resolved into a 
tensional strain bd acting on the boiler shell, and a com- 
tomer strain be, which must be resisted either by the 


iler shell, or by the dished plate, or by both, according to 
the nature of the attachments at @b the stiffness of the 
end ring of the boiler. ti this compression strain 
has to sosisted mainly Say plate, and the latter 
is therefore in a state on all radial lines of 
section (or on lines of ‘‘ se ‘through the centre,” as 
stated in our article), the’ sion strain i i 


from the centre towards the cireumference.— Ep. E.] 


THE VELOCITY OF CRANKSHAFTS, 
To THe Eprror or ENGINEERING, 

Srr,—The best thanks of users of steam power are due to 
you for the able article commenced'in your journal of the 
7th instant, treati of the variations of speed of 
crankshafts, and on ** inequality”’ of ‘ effect and resis- 
tance” in relation to the position of the crank-pin through 
every point during the stroke. . 

It is now fouryears ago since I first drew attention to 
this matter, and endeayoured to point out by the aid of 
several experiments that a single cyli i i 
non-expansively, would not give more than 50 per cent. of 
useful effect from the pressure applied to the steam piston, 
and was soundly ridiculed inthe columns of one of your 
so-called mechanical contemporaries for my pains. Whether 
this had the effect of inducing a spirit of inquiry in the 
minds: of unpre Tam unable to say, but 
it is certain that a ey are now ony | made 
in very considerable numbers, and as they work on the ex- 
pansive principle, the steam being cut off in each cylinder 
at the point at which it exerts its full force, the greatest 
economy possible is secured. 





My knowledge of engi ing matters consists only in 
what I have gathered Detax the past thirty years from 
actual observation and from experiments e at various 
times, the want of a good knowledge of mathematics making 





(Eu. III., 36). 4 
And since angle O a A=right angle 
es angle Aa p =right angle 
° angle O Pp =right angle 
the locus of the point P is the straight line Pp 
drawn at right angles to OP. 

The initial position of the link arrangement is when Q A 
and O P are in one straight line. Any new position may 
be found as follows: With centre O and ins OB de- 
scribe circle b Bc. Let p be the extremity of the link in 
the new position, lying in line P p at right angles to O P with 
centre p and radius=P B describe new ci ey heey 
bBcinbandc. Draw ba, ca parallel to pc, pb jonaQ 





Tramways AT DussELporF.—A company has been 
formed for the construction of tramways at Dusseldorf. 
The share capital has been fixed at 40,0007. ; the company 
has also borrowing powers to an equal extent. 


Frere Enainz TRIALs.—His Grace the Duke of Suther- 
land, in the course of introducing his guest Sir Salar Jung 
to the novelties of this country, an exhibition last 
Saturday, the 8th instant, of the working of a steam fire 
engine recently procured from Shand, Mason, and Co., of 
London, for the protection of Trentham Hall. In addition 
to Sir Salar Jung and his suite, ee Ete was accompanied 
by the Marquis of Stafford, Lord Colvill, the Honourable 
John Bright, M.P., or oe Mea Probyn, and a number 





of other gentlemen, in Mr. Webb, i <in-chief 
of the Crewe Works. Mr. Roberts, the duke’s surveyor, 
explained to Sir Salar Jung the various of the 
engine while steam was being raised from cold water, an 


cted under ten minutes. A powerful jet was 
then proj over the clock tower, when his excellency 
remarked that no fire could live under such a stream. The 
whole of the operations were conducted in a most mpt 
and satisfactory manner by his Grace’s private @ 
without the assistance of any professional firemen. 


operation effe: 
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RIDER’S HOT AIR ENGINE. 
CONSTRUCTED BY MESSRS. HAYWARD TYLER AND COMPANY, ENGINEERS, LONDON. 


Fig. 1 
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Fig. 2. 
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Tux little air-engine, which we illlustrate above, is con- 
structed on the patent of Mr. Alexander Kirk Rider, of 
Walden (Orange County, New York), and is to be exhibited 
at the Royal Agricultural Society’s Show at Birmingham 
next week, by Messrs. Haywari Tyler and Co., of Upper 
Whitecross-street, who have taken up the construction of 
the engine in this country. At atime when efficient and 
tolerably economical small prime movers are much in request, 
it will no doubt attract attention as another attempt to sup- 
ply an existing want. 

It will be well to describe its construction before saying 
anything as to its mode of working or comparative merits. 
In our engravings Fig. 1 is a vertical section of the engine, 
Fig. 2 a side elevation, and Fig. 3 a view of the economiser 
plates upon an scale. A is the working cylinder 
of the machine, 6} in. in diameter, and 9} in. stroke. It 
rests upon a cylindric cast-iron chamber C, with a recessed 
bottom, which is placed directly over the fire B. In the 
cylinder works a trunk piston E, the lower part of which is 
made a little smaller in diameter than the cylinder, and filled 
with non-conducting material. The stuffing box is sur- 
rounded by a water jacket, and is fitted with a gland, 
arranged in a manner which the inventor considers speci- 
ally advantageous. It contains two ordinary leather washers, 
the novelty claimed being the use of a relief ring H between 
them, to prevent the jamming of the corner of the top or 
bottom leather against the piston as it moves downwards or 
. upwards. The shaft S is driven from the working piston 
through the connecting rod and crank F. Upon its further 
end it carries a crank F', which drives the plunger K of a 








compression cylinder J. This cylinder is 63 in. in diameter 
by 8% in. stroke; it is continued as a chamber L down to 
the bottom of the framing, the plunger being prolonged to 
J' in the same way, and filled with non-conducting material. 
The chamberin which the lower part of the plunger works 
is surrounded by an annular water space, so that it may 
form the refrigerator of the engine. The upper part of the 
chamber communicates by a passage M with the working 
cylinder. The communication is not, however, direct, be- 
cause of the thin cylindric sheath D, which is made very 
nearly to fit C. By means of this sheath all air passing in 
below the plunger is made to pass first in close contact with 
the hot sides of the chamber C. In the passage M is the 
economiser or regenerator R. It consists of a series of thin 
cast-iron plates E E, arranged as in Fig. 3, with a space of 
about ys in. between them, A door is provided for taking 
out the economiser plates when they require cleaning. The 
cock is also placed on M for stopping the engine, by open- 
ing a communication between the cylinders and the atmo- 
sphere. A small air-valve, opening inwards, is provided 
near the bottom of the compression chamber, in order to ad- 
mit air to supply losses by leakage, &c. The engine is 
shown as to work a small double-acting pump, 
bolted to the side of the chamber L, The valve P is for 
removing the oil, &c., which may collect in the bottom of the 
compression chamber. The two cranks are placed about 
90 deg. apart, more or less, according to the size of the 
clearance space and the capacity of the economiser. 

Mr. Rider’s engine belongs to a class in which the ideal 
cycle of operations is as in Stirling’s engine: (a) compres- 





sion at constant (lower limiting) temperature, (5) increase of 
pressure and temperature at constant volume by passing 
through an economiser, (c) expansion at constant (higher 
limiting) temperature, and (d) fall of pressure and tempera- 
ture at constant volume by being returned through econo- 
miser. At the end of these operations the air is in precisely 
the same state as at the . The heat received from 
the economiser during 6 is restored to it during d; all the 
heat received from the fuel is received during c at the 
highest limit of temperature, and all the heat rejected is 
carried off by the refrigerator during a at the lowest limit. 
The mechanical arrangements of air engines seldom per- 
mit them to attain in practice their ideal mode of working, 
and Mr. Rider’s engine is no exception to this rule. The 
continuous motion of the two pistons subjects the air to 
irregular changes of volume; processes 6 and d do not take 
place at constant volume, and, as in so many other engines, 
the air under the working piston receives heat not only dar- 
ing process c, but more or less throughout the entire cycle 


of o7 2rations. 
A small air engine is ly required, however, to fulfil 


Rider’s seems to possess; it has few par 

and those of a very simple kind, and no valves. The use of 
a regenerator will enable it to attain some degree of eco- 
nomy, for (as we have more than once pointed out in 
columns) it is hardly possible for an air engine to be 
nomical in without the regenerator. At the same 
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time we are intint (2 Guth Gah heen of onnuneae 
anda working cylinder together is any improvement upon the 
older plan of ew along with a working piston only a dis- 
placing plunger, as in Stirling’s, Laubereau’s, or Lehmann’s 
engines. This enables the two processes, 6 and d, to be 
almost perfectly carried out, and may be made greatly to 
reduce the disadvantages resulting from the continual con- 
tact of the chamber C with the furnace. The use of the 
plunger does not necessitate the employment of valves, and 
has no mechanical drawbacks which are not shared in a 
greater by the use of a compression cylinder. A 
difficulty, which we hope Mr. Rider may succeed in over- 
coming, has often occurred from the cracking of the hot 
chamber C over the fire, especially when made of thick cast- 
iron. 

The engine which we illustrate is rated at half a horse- 
power, but when we saw it, it did not appear to be doing more 
than a quarter of this work in actually raising water at 100 
revolutions per minute. It will be noticed that the unavoid- 
able loss of air by leakage has to be supplied through the 
reverse valve at atmospheric pressure. This practically 
means that the minimum pressure in each stroke will be 
equal to that of the atmosphere. This entails a very large 
engine in proportion to its power, a drawback which can 
probably only be remedied by the use of a small air pump 
to supply deficiences, instead of a self-acting valve. This 
adds a little to the complication of the machine, but by en- 
abling the air to be used at a high pressure, increases enor- 
mously the work which can be done by a machine of any 
given size. 

We believe that no careful experiments have yet been 
made with Mr. Rider’s engine as to its working limits of 
temperature, horse-power, or consumption of fuel. e 
hope the inventor may find it worth while to have them 
made later on. In considering the question of fuel con- 
sumption, however, it must be remembered that these small 
air engines have the advantage over steam engines of re- 
quiring but little fuel to start them, while they can be got 
ready for work very quickly, require little attendance, and 
involve no risk from explosion. In the case of small powers 
these are very considerable advantages. 





A CENTURY OF MINING AND METAL-| cll 


LURGY IN THE UNITED STATES, 


Centennial Address of Hon. Apram 8S. Hewrrt, Presi- 
dent Elect of the American Institute of Mining 
Engineers, Philadelphia, June 20, 1876. 

GrnTLemen,—If my first words were other than those 

of thanks for the high honour of being called to preside 

over the American Institute of Mining i , I should 
do injustice alike to you and to own sense of the obli- 
gation under which I have been by your vee | 
choice. When the position was first suggested to me, 
resolutely declined to allow the use of my name, on the 
und that by training and occupation I was not entitled 
£ this honour, which, it then seemed to me, should be con- 
ferred only on a professional engineer. In fact, the history 
of the Institute, which had honoured itself, as well as m 
distinguished predecessors David Thomas, Rossiter W. 


ca om and Alexander L. Holley, by elevating them to | §°® 
its hi 


hest office, seemed to indicate the line and the limit 
of safe precedent, in which I did not then see how I could 
be included. 

But my scruples were finally removed by the considera- 
tion, that as in the course of human ind the pioneer, 
rd whom Mr. Thomas a so marked a ae | _——- 
the minin i , 20 personified . Raymond, 
and be f lowed by the mechanical i , whose incar- 
nation we behold in Mr. Holley, so all must be su 
mented by the man of affairs and finance, in order t 
‘* enterprises of great pith and moment’”’ be prosecuted 
toas issue. I felt, therefore, that no longer 

ht to resist your 


any ri erence, or to deprive myself of 
what £ must regard as i 
career 


crowning honour of an active 

On an occasion like the present, it seems a riate to 
sovsew So Eeeery Se Sounter, Geving he hundred 
ears, of those industries which the Institute of Mining 
ngineers specially ee There is much in the story 
with which other members of this body are more familiarly 
nainted than ; yet I fancy that to all of them, 
not less to our disti and most heartily welcome 
guests from abroad, a comprehensive outline of the pro- 
gress of mining and metallurgy in the United States will 
prove interesting. I ask your attention, therefore, to a 
condensed account of that subject, embracing a statement 


ef the of the industry on our shores, of the 
notable events attending its increase, and of its present 
condition after a hundred years of national life. The extent 


and rate of our p' will be shown more clearly by 
figures than by words, and I shall offer a series of tables, 
carefully compiled from the best availahle sources, and 
oa the production of each of ae ed ear 

year. This general survey incomplete without 
some account of the legislation of the Federal Government 
with regard to mining, the principles upon which it has 
been based, the effects which it has produced ; and, finally, 
I shall attempt to point out some equnssandequneies which, 
under our institutions and habits, may be, in my suinion, 
relied upon to effect certain t ends of technical effi- 


ciency, political economy, social equity which our 


Government has not attempted, and not fairly be 
ex to achieve. 

of the topics I have named are more or less familiar 
to me my experience as a man of i a student of 
yublic affairs, and e sealous inquirer into the social and in- 
justrial problems of the But the col- 





search for other facts to complete the record, and the or- 
derly ion of the whole in connected form would have 
been sinew at this time utterly beyond my powers, al- 
ready overtaxed by intense and continuous occupation in 
another sphere, had I not been able to avail myself of the 
assistance of Dr. Raymond, whose thorough acquaintance 
with a large portion of the field I was attempting to cover, 
and whose ready comprehension of the nature of my plan, 
enabled him to render me a service so essential that I cannot 
consent to omit an explicit recognition of it. 

ining enterprises were among the motive powers to the 
exploration, conquest, and colonisation of the New World. 
The desire to a shorter route to the profitable trade of 
India, the desire to conquer new itory, wherever it 
might be found, in the name of some Catholic or Protestant 
sovereign of Europe, were accompanied, both in North and 
_ erica, by eager hopes of the discovery of gold and 

ver. 

The history of the plunder of the metallic wealth and the 
development of the mineral resources of Mexico and South 
America, does not lie within my present purpose. The 
early enterprises of this kind in the Northern part of the 
continent were less successful, though the of two 
hundred years has made them more beneficial to national 
pate, for reasons which I shall, perhaps, be able to 
indicate. 


Gold was found in moderate quantities in use among the 
Indian tribes of ~-—— Sou States. The Spaniards 
under De Soto, following this clue, and led on by series, 
me or misunderstood, of their Indian guides, made 
a wide superficial exploration in search of the origin of this 
treasure. They are supposed to have excava' many of 
the diggings in North and South Carolina and ia, 
which are now overgrown with forests. But no rich de- 
posits appear to have been discovered, and no permanent 
operations undertaken. 

In the Great Charter of King James, by which, in 1606, 
the right to ore and settle the North American conti- 
nent from the 34th to the 45th parallel was granted to the 
London and Plymouth Companies, it was provided that one- 
fifth of the gold and silver and one-fifteenth of the copper 
which might be discovered should belong to the Crown. 
One of the earliest expeditions of ~~ John Smith in 
Virginia was the exploration of the Chickahominy River, 
in the hope that it might constitute a waterway to the 
Pacific Ocean ; and one of the next events in the history of 
the same colony was a mining excitement, such as would 
in our California tongue a ‘‘ stampede,’’ caused 
by the supposed discovery of gold—in which, fortunately, , 
John Smith did not avail himself of his official position 
take “‘stock.’’ It is a curious circumstance that gold reall 
occurs in that region, bvy » the glittering dust, of whic 

the delu 


a ship-load was sent b: colonists to the jewel- 
lers of London, proved to be but mica or iron  pyribes 5 and 
it seems probable (albeit this tion is not based upon 


any explicit record known to me) that the presence of gold 
among the Indians, and the discovery of specimens of the 

uartz or slates of Virginia containing visible particles of 
it, gave rise to the general excitement, under the influence 
of which, without further tests of value, a amount of 
worthless material was collected, to the neglect of necessary 
and profitable industry. From this point of view, the 


Jamestown mining fever was the prototype of many that — 


have since occurred—all of which may be summed up in the 
meral expression, that the mine “‘ did not pan out accord- 
ing to the samples.”’ 

_ A more promising industry 
time by the sending of a quantity of iron ore from James- 
town to land in 1608. This ore, smelted in England, 
yielded 17 tons of metal, probably the first pig iron ever 
made from North American ore. In 1620, a and 
fifty skilled workmen were sent to the colony to erect iren 
works ; and it is said that a fund, subscribed for the edu- 
cation of the colonists and Indians, was invested in this 
enterprise as a safe and sure means of increase. But, in 
1622, an Indian massacre broke up the enterprise ; and both 
the manufacture of iron and the education of citizens and 
Indians have been obliged, ever since, to rely upon other 
sources of support. 

_For an interesting collection of facts relative to the be- 

of the iron industry of the American ‘colonies, I 

refer you to the forth work on that subject by our 
fellow-member Mr. John B. , to whose courtesy Iam 
indebted for the o unity to consult the advance sheets 
of a portion of the book. 


According to the statement of Col. Spotswood, quoted b 
Mr. Pearse, it a that, we to 1724, aclher New 
i irginia blast fur- 
= product of iron was from bloomeries only. 
According to Professor Hodge, quoted by Professor Whit- 
ney however, a furnace was built at Pembroke, Mass., in 
1702; and another authority states that in 1721, New 
England possessed 6 furnaces and 19 forges. In 1719 was 
passed the famous resolution of the British House of Com- 
fet > a the — of manufactories A. the colonies 
lessen their iency on Great Britain.”” Only 
the earnest t of Bro colesial agents prevented the 
ager ae at that time of the American iron manufacture. 
he next thirty years witnessed two instructive contests. 
The first was that of the colonial with the domestic pig-iron 
manufacture—a competition in which America was fa- 
voured by the abundance of her vegetable fuel (the employ- 
tatrodeotlon) in coal in age not having yet found 
in on) in comparison wi waning forests 
of Great Britain. The British man i 
by heavy duties on colonial pig iron, the latter began to be 
more and more worked up intv bar iron, nails, steel, &c., 
at home ; and this brought on a new competition with the 
British manufacturers of these articles. In 1750, a farther 
this trade was made by Par- 





creed the admission of colonial pig iron 


was inaugurated at the same l 


new ones thereafter built should be suppressed as “‘ nuis- 
ances.” 


It will be recollected that arbitrary acts of this kind, for 
the destraction of our infant manufactures, were among the 
grievances cited in the Declaration of Independence. The 
extent of the American iron manufacture during the ante- 
Revolutionary period can be inferred from scanty 
records of ‘ op dee Bah 7 with 3 tons, 
had i in 1750 to about 3000 ; in 1765 the total 
is reported at 4342 tons, and in 1771 at 7525 tons—the 
maximum annual . The outbreak of the war of 
course put an end to exportation and caused a great demand 
for war material, which occupied and rapidly extended the 
means of manufacture by the country. The ex- 
— iron industry suffered a severe collapse when, at the 

pusid esto abeniabch Gane natin of odes bane 
r+) quantities of foreign iron—the 
su ul employment of mineral coal, the steam engine, 
and pas having y that time laid the foundation of 

Eng h supremacy in the iron manufacture. 
he earliest copper-mining company of which we find any 
record—according to Professor tney in his excellent 
he the “ — Wealth of the — > the 
ear! incorporated mining company of any —was 
chartered in 1709 to work the Simsbury mines at Granby, 
Conn. These mines were abandoned in the middle of the 
eighteenth satay. afterwards bought by the State of Con- 
necticut, and as a prison for sixty years. Mining was 
resumed in them about 1830, and after a few years they 
were in abandoned. The ores were mostly shipped to 
E , and seem to have been lean. The deposit belongs 
to the class of irregular bunches, nodules, seams, or limited 
beds in the New Red Sandstone, near its junction with trap. 
This formation was the scene in New Jersey, also, of one 
mining activity. The Schuyler Mine, near Belleville on 
the Passaic, was discovered about 1719, and proved more 
— to its owners before the Revolution than it ever 
been, since that time, to any of the series of individuals 
and coupanies that have expended large sums in its deve- 
lopment. In fact, the chief blessing conferred upon man- 
kind by the Schuyler Mine arises from the circumstance 
that the first steam engine ever built wholly in America 
was constructed, in 1793-4, at the machine shop at- 
tached to the smelting works at Belleville, my father being 
the pattern maker in the party of mechanics sent out by 
Boulton and Watt for ba ar pg of erecting an engine for 
the Philadelphia Water Works in Centre-square. 1751 
a co mine was opened near New Brunswick ; and the 
Bridgewater Mine, near Somerville, was operated previous 
- ae oo ae h even rend gr said, with much 
oss capital. New Jersey’s record in copper mining is 
say Wel @uoule Ler Botsaed ty the tresshary of Tet 
ma: console . y the of Tri- 
pr A and trap, she can flee to the shelter of the crystalline 
schists. Pennsylvania was not without her copper mining 
in the colonial period, the Gap Mine, in Lancaster County, 

having been opened in 1792 

the first red gleams of 


Already during the colonial period 
the future glory of the Lake Superior mines had appeared. 


The in Jesuit Fathers Marquette and others, who 
ony e wilderness from Acadia to the Gulf to carry 
th the Cross of their religion the Lilies of their sove- 

» msive explorations on the Upper Penin- 


pure as not to need, 
of metal, the inter- 

ini tions on the part of aa aoe ~ = thou of 
mining opera’ on w men were those o: 
Alexander Henry, near the Forks of the Otonagon, in 1771. 
As is well known, however, the active development of this 
region dates from the a of Houghton’s “‘ Geolo- 

in 1841, and the i 


f rt,” i e ent of the 
hippewa title by the treaty of 1843. 
Lead mining in this country may also claim an ancient 
origin, as we reckon antiquity. As early as 1651, Governor 
John Winthrop received his famous license to work any 
mines of “lead, asgenc ee tin, or any minerals; as anti- 
mony, vitriol, black » alum, salt, salt springs, or any 
other the like,”’ and ‘‘to enjoy for ever said mines, with the 
and water within two or three miles 


ighbourhood of Middletown, 


old Middletown silver-lead 


Ft 


f 
[ 


be very deposits, are also have been 
ctiginalip esheets by Governor Winthrop, but nickel was 
not valuable in those days, and the lead and in these 


the cost of them when they are present in a 
peed Aft icut ores no corre- 
spond I they ever did) to the analyses and accounts 
bas op as to their is Cc 


well whe commenced in 1765 by 
turers, operations were suspend 

by the See , mines in Columbia and 

Dauchess Coun ¥., were also worked at an early 








duty free, but prohibited the erection in America of sli 
rolltog, or plating mills or steel furnaces, ordering that 
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THE STRENGTH OF BOILER FLUES. 


Many of our readers will have been much inte- 
rested in the additional notes on Fairbairn’s experi- 
ments, communicated in Professor Unwin’s letter 
last week. ‘The subject is an important one, but it 
is one of those problems which theoretical me- 
chanics has not yet been able to solve, even by 
the aid of experiment. Professor Unwin's laudable 
endeavours to reconcile Fairbairn’s formule with 
experimental facts are, therefore, even if unsuc- 
cessful, deserving of the careful attention we have 
bestowed upon them in the following remarks. 

We regret that Professor Unwin has not yet quite 
comprehended what is our position in reference to 
these formule. We have been credited by him with 
the authorship of a modification of Fairbairn’s for- 
mula, with a new coefficient, as if we considered 
Fairbairn’s formula as wrong only in that particular. 
At the meeting of the Mechanical Engineers in 
London, in April, the Board of Trade rule for col- 
lapsing pressures was brought under our notice by 
some of the speakers, and we found that Fairbairn’s 
coefficient, 806,300, was the result of an arithmetical 
error which could be verified by comparing it with 
the tabular experiments, as been done in the 
Board of Trade office, to fix the coefficient adopted 
in their rule. We, for the information of our 
readers, gave the figures of this verification at page 
392 of our last volume, as an explanation of the 
discrepancy that had been pointed out between the 





rule given by the Board of Trade and that known 


as Fairbairn’s rule. We afterwards compared the 
Board of Trade rule with another experiment, and 
we stated that we considered it only a makeshift, 
but that it seemed to better with the experi- 
ments than either of Fairbairn’s formule. is 
has been substantially our connexion with the 
modified coefficient. 

We do not offer these remarks with the intention 
of sheltering ourselves in any way from Mr. 
Unwin’s energetic and painstaking criticism, and 
we will now go over the successive steps in his defence 
of the ¢*!9 formula, a defence which we cannot help 
thinking he has undertaken more from respect to the 
memory of his friend Sir William Fairbairn than 
from any well-founded confidence in the principles 
involved in that formula. 

After stating the formule under discussion, Mr. 
Unwin says, ‘‘ You do not question, and it is cer- 
tainly true that Fairbairn’s original formula fits 
his experiments better than any other.” We 
now state that we do question that formula, 
and that these experiments did of agree with 
it. We will also show that the index 2 agrees 
better with the results obtained by Fairbairn than 
the index 2.19 does. The index agreeing most 
closely with the whole of the experiments is less 
than 2, and is nearly 1.837, which is the index that 
connects the Washington experiment with the ex- 
periments by Fairbairn on plates .043 in. in thick- 
ness. 

In the accompanying diagram we have represented 
the whole of the results of the experiments recorded 
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by Fairbairn. The horizontal dimension in the 

is thickness, one inch represented by 6 in. 
The highest curve is laid off from Mr. Unwin’s 
table of @"", on the scale .75in. = 1. According to 
the formula we have: 

cm 
vents 
+, Pld _ 


Nineteen of the experiments were upon tubes 
made of nap only .043 in. in thickness—that is 
equal to the thinnest of surface condenser tubes— 
and from 4 in. to 12 in. in diameter. The a 


value of p / d in these examples is 842, and 
= 828,000 x .043%19 
and a 
, +, —P*® = p9, 
* 328,000 t 


ae 
All the other experiments have been treated in this 
way ; p / d taken from the tables has been divided by 
828,000, and the quotient has been set off on the 
vertical ordinates at the respective thicknesses. A 
short horizontal line denotes each of these positions, 
and thenumber of each experiment according to Fair- 
bairn’s tables is also inserted at each mark. No, 22, 
a tube 5 ft. lin. in length, 18.75 in. in diameter, 
-26 in, thick, gave p / d= 40,081, and dividing this by 





828,000 we get .0483. Now Mr. Unwin gives us 
04803 as the 2.19th power of .25, so that this ex- 
periment No. 22, and the nineteen experiments 
above referred to, substantially agree with 

4 p 1 d=828,000 ¢*19, , 

The nineteen experiments at..043 in. thick are 
spotted at the intersection of the .043 in, ordinate 
with the curve, as all at one point. To show these 
more clearly, they are again spotted on the same 
ordinate to a scale ten times the scale of the rest of 
the di . These spot lines are of different 
lengths to denote that these points represent one 
or two or three experiments, according to the length 
of the line. Having made the curve to coincide 
exactly with the average at .043in, thickness, our 
coefficient 828,000 is a little higher than Fairbairn’s, 
but if the diagram had been constructed on 806,300 
as a coefficient, there would have been no appreciable 
difference in the di , and we have, therefore, 
written 806,300 on the latter. 

It is evident that the great number of experiments 
on plates only .043 in. thick can only reckon as a 
single fact in respect to the law of thickness, be- 
cause the thickness did not vary in these, It is 
also evident that the value of p / d for any thickness 
cannot safely be deduced from a single experiment 
on that thickness, Now our di shows’ and 
‘‘ Fairbairn’s Useful Information for Engineers” 
tells us, that the law of thickness was deduced from 
only three of the results obtained, viz., from the 
mean of the values for tubes .048 in. in thickness, 
from No, 33 a tube wholly different from the others, 
and from No. 22. Amongst the tubes experi- 
mented on we find two, more like models of our 
now being discussed furnaces than any of the other 
tubes experimented on, They were tubes 5 ft, long 
of plates fin. thick, divided by flanged rings into 
three lengths, with a web ring } in. thick between 
the flanges. One of these was of iron, it was 15 in. 
diameter, and it failed first at 146 lb., and again, 
after repairing for a leak, at 1501b. This is just at 
one-half of the pressure due to the 2.19 rule. It is 
remarked on this experiment that the result was 
not very satisfactory—‘‘ On comparing it with the 
mean of all the other experiments we find it should 
have borne 300 Ib. ; it evidently failed at the rivets, 
and cannot be relied upon.” Now what is meant 
by this ‘‘ comparing” is this—reading the other ex- 
periments to agree with the 2.19 formula this ex- 
periment could not be worked in, and it therefore 
cannot be relied upon. ‘This experiment is No. 31 
on the diagram, The next tube was the same di- 
mensions as the iron one, and made in the 
same form, it stood 220 lb. This is only 60 per 
cent. of what is due to the 9.19 rule for iron 
plates, and surely steel should stand more than 
iron, This experiment, and that numbered 31, ap- 
pear to corroborate each other. The steel tu 
17in, long bore 2201b., while the iron tube 21 in, 
long bore only 150lb. But these two tubes were 
considered to have ere not very satisfactory results, 
because they would not dress up with the others on 
the 2.19 curve, or indeed by any rule that invelved 
the principles that the pressure is directly as some 
power of the thickness, and inversely as the product 
of the length by the diameter. They were therefore 
left out of consideration in determining the law of 
the thickness. The third of this set of tubes 
was of the same dimensions as the other two, 
but it was made in three circles of plates, with two 
lapped circular seams about where the flanges were 
in the others, as shown by small sketch at No. 33. 
Our readers may remember Mr. Wilson’s remarks 
about the effect of circular seams in strengtheni 
circular furnaces, These seams evidently suppo 
the tube, and the length, to compare with the 
others, ought to have been not more than one- 
half of the whole length. The spot for No. 33, 
instead of being nearly on the 2.19 curve, 
would have been then down beside 31 and 82. 

Tube No, 24 also agrees with the 2.19 curve, but 
this was a tube formed with a longitudinal butt 
joint stiffening the tube there by the doubling at 
the continuous butt strap, With the exception of 
No. 23, which hada ot joint longitudinally, the 
experiments spotted below the 2.19 line are ap- 
parently of equal value with the others. If so who 
will undertake to say where the spots will come 
when the diagram is extended to plates } in. thick ? 
The editor of a sporting ae might under- 
take to forecast the result, but from these experi- 
ments it could not be done on engineering principles. 

The second continuous curve in our is that 
for index 2 with the coefficient 449,000. coeffi- 
cient is adopted to make the curve pass through 0 
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hen ¢=0, and to through the mean value of | curve compares with the 2.19 rule itself at =} in.,| in his hand, and in the offices are kept manuscript 
Mf: @ tor the siesteon @8 iments on plates .043 in. | thus: treatises on —< greatest interest, which indicate 
thick. This curve is evidently nearer the mean of Thecurve  pld=176,740 the leading features, whether they be iron and steel 
the results obtained (still adhering to /ength being The straight linep !d=120,000. th the works, or mineral mines, or special manufactures. 
a divisor) than the 2.19 curve. he lower of Here S nese & Sees ws By this means not only is the visitor saved great 
The next lower continuous curve is one made to — than the — loss of time, but he acquires a i idea of 
through zero point, the mean at .043in. as e proposed form on what he is going to see, and he is received with wel- 
oi and the point W denoting the Washington p=3 Ent come on presenting the letter of introduction. It is 
a the service which these 


experiment. e index of this curve is 1.837 with 
the coefficient 268,780, and this is evidently the best 
generalisation given in the diagram, but it is still 
too high for some of the experiments. These two 
last-mentioned coefficients agree with 830 as p/d 
for the thickness of plates .043 ; oo should 
be 842, and these two coefficients me then 
455,000 and 272,000. 

When we look at this diagram we are led to ask, 
Is it possible that these experiments have never 
been plotted before? The formula given as the 
mean of the experiments, gives actually the extremes 
of the highest results. e 2.19 power, or, in 
any power, gives a curve of increasing steepness ; 
but whatever the true curve is that cannot be a 
constant feature of it, for, just as certainly as it 
springs from 0 at ¢=0 so for ¢ a very thick plate it 
saest be a straight line directed to that point, that 
is, it must at some thickness become simply ¢ with- 
out any index. The curve must, therefore, have a 
point of contrary flexure situated probably about 
midway between the very thin plates of the nine- 
teen experiments, and the more substantial thick- 
nesses we find used in boiler furnaces, Continuing 
by a straight line nearly a tangent to the 2.19 curve 
at the highest point of the di , we would 
evidently be still much in excess; of the collapsing 
pressure for thicker plates. This line corresponds 
to 


— 10,000 (8 t—1) 


? ld 


that is, for thicknesses #jin., and all above that |? 


multiply 40,000 by one less than the eighths in the 
thickness and divide by the product of length in feet 
multiplied by diameter in inches, the quotient is the 
collapsing pressure. * We do not give this as a rule 
for collapsing pressure, but only as a limit that even 
Professer Unwin will, we think, admit is sanctioned 
by these experiments, if / is to be continued as a 
divisor. It is oe arithmetically and less in error 
than the 2.19 rule, 

The ominous positions of 31 and 32 ought to be a 
warning to us not to be carried away by the trans- 
cendental representations of Professor Unwin about 
the relation between the number of ares colla 
ing and the length of the tube, to believe in the 

idity of the 2.19 curve. The use of the word 
‘* reliable” is, we think, an error in his letter that is 
apt to dangerously mislead, He substitutes “ 80 or 
100 tons” as a more reliable crushing resistance for 
wrought iron than the 36,000 Ib. or 40,000 Ib. given 
by Rankine. If we are to rely upon the metal Peing 
crushed by the load, then, the higher the load the 
more certainty will there be that that result will be 
attained. But if, on the other hand, we are to rely 
upon the crushing resistance of the iron being greater 
than the crushing pew of the load, which is 
generally the state of the problem in boiler designs, 
then 40,000 Ib. is very much more reliad/e than 100 
tons as the measure of crushing resistance, and 
30,000 Ib. is still more reliable. e have an object 
in pushing about this word “reliable.” Is the 2.19 
formula to be understood as more reliable than the 
others in the same sense as the “100 tons?” It 
would seem so, for it is the outside of all the results 
recorded, We do not believe that the experimental 
tube, No, 22, spotted at the highest point of the 

iagram, was reduced to one-half its resisting strength 
by ng 5 ft. long instead of being 2 ft. 6 in. long. 

lengt had less influence in the formula, No. 22 
would have been so much nearer to W, and Nos. 3] 
and 32 would have been also nearer to the curve 
through W. 

The origin of this discussion was a notice of the 
Board of rule. We have given two portions 
of the curves representing that rule on a factor of 
safety=6 ; the upper one represents p/d for tubes 
10 ft. long, and the lower one gives pid for tubes 
3 ft. inlength. For tubes of intermediate 
the spots would come between these two curves. 

We think the positions of these curves for the 
Board of Trade rule could not have been better 
chosen even if all this discussion had been gone 
through before settling the coefficients of the rule 
on Fairbairn’s principles. The limiting equation we 
gave for a straight line continuation of the 2.19 





iven by Professor Unwin last week, will perha 

subsequently dealt with by us ; we think it cannot 
be maintained on any bypothesis—perhaps it is not 
correctly written. One of the first deductions from 
it would be that the strength of the tube is propor- 
tional to the cube of the thickness. This must be so 
by it in comparing two tubes which differed in thick- 
ness only, e have just been demonstrating, how- 
ever, that the index derived from the experiments 
is given too high; it is less than 2.19, and cannot 
therefore be 3. 

As we are finishing this article we have received 
a long letter from Mr. Robert Wilson on this 
subject—it will be found on another page. Like 
Professor Unwin he brings offerings for the shrine 
of 2.19; he is almost too with them, perhaps 
they are the last that will ever be laid on it. There 
is more than arithmetic the matter with it, and it 
cannot be put right without first pulling it down. 
We have been doing that now, and we have to beg 
that none of our readers will suppose that we 
have been also erecting a new one in its place; 


the p = oe ‘—1) and other formule that 
occur in this paper have merely been handled by us 
in illustration, they are not given as rival formule, 
neither do we pronounce the Board of Trade rule to 
be right—we only say what it is in comparison with 
the others. Mr. Wilson’s letter does not seem to 
call for any special remark from us. The valuable 
ractical information it contains will no doubt be 
appreciated by our readers. 





ENGINEERS AT PHILADELPHIA. 


Some months before the opening of the Phila-| pa 


delphia Exhibition the American Society of Civil 
Engineers and the American Institute of Mining En- 
gineers began, independently of each other, to con- 
sider the best means that could be adopted to afford 
facilities to foreign members of the professions 
visiting the United States during the term of the 
Exhibition. The result of this consideration led to 
a temporary combination between the two societies, 
which is proving to the engineer visiting Philadelphia 
one of the most usefuland pleasant features connected 
with the Exhibition. The Society of Civil Engi- 
neers has had appropriated to it a a in the 
gallery at one end of the Main Building, where are 
exhibited a large number of drawings, plans, and 
models of various important American civil engi- 
neering works, and besides these, plans of iron and 
steel works, coal plant, and valuable original drawings 
of early locomotives. TheSociety occupies, too, at one 
end of the same gallery a spacious room, containing 
full accommodation for all those visitors who have 
been invited to make use of the rooms during the 
Exhibition, and a large accummulation of drawings 
arranged conveniently for reference, and lent 
by various members of the society. The Insti- 
tute of Mining Engineers on the other hand, 
occupy offices at 1100, Girard-street, Philadel- 
phia, containing even more comfortable accom- 
modation than is offered = the Society of Civil 
Engineers. The visitors, for whose benefit this 
trouble has been taken, are invited to make free 
use of all the advantages the rooms in town and at 
the Exhibition afford, and on every Thursday even- 
ing a conversazione is held at Girard-street, during 
which some member or visitor speaks upon a pre- 
viously subject, and on which free dis- 
cussion is in 

But the advantage to the visitor of having com- 
modious premises placed thus liberally at his dis- 
posal, where he = meet other members of the 
profession, write and receive letters, consult books 
and drawings, &c., is not by any meansthe only one. 

Any engineer desirous of visiting any work of 
interest in the United States, 
dustry, or of making the 
through the country, has y to t himself at 
either of the reception rooms, every assistance 
is afforded to him. Blank maps are 7 on hand 
upon which his route is sketched out, times of 
trains are given him, the proper hotels at which to 


uaintance of 





stop are in letters of introduction are placed 





of studying any in-/| the 


impossible to over-estimate 


pS | associations are rendering in this way, and Mr. J. 


Bogart, acti of the Society of Civil 
age | Mr Wt. Neilson, secretary of the 
Institute of Mining Engineers, are indefatigable in 
their efforts to serve their visitors, who will have 
lasting reasons to remember the kindness they have 
received. 

The Society of Civil Engineers was organised as 
long ago as 1852, when a few gentlemen, prominent 
among whom were Colonel Adams, Mr. W.H. Sidell, 
Major H. Morell, and T. A. Emmett, conceived the 
idea of establishing a professional institution where 
members could assemble and take part in the dis- 
cussions of papers. A few months after the first 
meeting a considerable number of members were 
enrolled, including some of the most prominent en- 
a in the United States. The first effort was, 

owever, practically unsuccessful, the Society 
languished for many years, and the desirability of 
dissolving it was considered, when in 1868 fresh 
efforts were made to place it on a sound footing, 
and this time their efforts were successful. Fresh 
members were enrolled, who supported the Society 
with papers, read before fairly attended meetings, 
and from the date of the reorganisation to the pre- 
sent time the Society has gathered strength, until 
to-day it includes nearly all the leading members of 
the profession in the United States. 

The Society is controlled by a President—now 
Colonel Adams, one of the original founders—a 
Vice-President (Mr. J. Bogart, now acting as 
Centennial secretary , five directors, secretary, and 
treasurer. The heads of the Society are elected by 
ballot each year, and members are also elected by 
ballot. Meetings are held twice a month, when 
pers are read, after they have been examined and 
approved by the directors; the discussion of these 

is carried on at a subsequent meeting, and 
in the interval the papers are printed and circulated 
among the members, All the Zransactions of the 
Society are copyright. 

The American Institute of Mining Engineers held 
its first meeting in May, 1871, at Wilkes-Barre, 
Pennsylvania, in response to a circular that had 

reviously been issued by three mining engineers. 
Bince that time the Institute has increased until it 
now numbers about 560 American members and 
associates, representing every branch of mining in- 
dustry in the country. There are, besides forty 
foreign members. The institute has no head quarters, 
no property, and no charter. It holds three meet- 
ings every year, in the winter, spring, and autumn. 
The first of these generally takes place in some large 
city, and the other two at suitable mining centres, 
where excursions to places of interest are organised, 
and where pa approved of are read and dis- 
cussed, The itute is supported by annual sub- 
a levied from the members, and the pro- 

ings are reported in the pages of the Enginceri 

and Mining Journal, the Transactions being pata, 
later, and in a more complete and convenient form. 

Although the Institute was founded by scientific 
mining engineers and metallurgists associated with 
practical ironworkers, it has gradually come to 
embrace, like the Iron and Steel Institute of Great 
Britain, engineers in all the cognate branches, and 
also the more prominent employés in metallurgical 
and iron and steel works, who have shown an in- 
terest in the papers and discussions, This introduc- 
tion of anelement which may, strictly speaking, be 
regarded as unprofessional, nevertheless adds to 
the general character and influence of the Institute, 
increases its resources, and promotes the acquisition 
and diffusion of knowledge, as well as the mutual 
acquaintance of the members by means of large 
meetings and wider excursions. 

It would also appear, judging from the high stan- 
dard of the published in the Zransactions, that 
and semi-commercial character of the 
Institute tends to stimulate efforts in this direction, 
and at the same time to develop a spirit of practical 
and useful criticism. It does not occupy perhaps so 

igh a place as more strictly technical ties, like 


high 
that of the Civil Engineers, but the success of the 





Mining Institute seems to prove that a judiciously 
selected semi-professional and ren 


member- 
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ship creates an active organisation, even if it leave 
somewhat to be desired if measured by a high pro- 
fessional standard, 

Such are the two societies that are rendering such 
great services to dag gue visitors in Philadelphia. 
It is almost needless to say that the meetings of 
both are this year held in that city, the Society of 
Civil Engineers having commenced its session on 
the 12th of June, and the Mining Engineers during 
the following week. 





VARIATIONS IN THE VELOCITY OF 
CRANKSHAFTS. 
(Concluded from page 2.) 

Tue value of the reduced inertia of the machine 
must of course be found by calculation in each 
special case. There can seldom be much difficulty 
in doing this, but in many cases the inertia of the 
flywheel, or even of the flywheel rim, is so large in 
proportion to that of the rest of the machine that it 
alone is considered. Whether or not this can be 
done in any particular case must depend entirely 
upon circumstances, and — the degree of accu- 
racy which is required in the result. The denomi- 
nator 24 is of course a constant, We have there- 


zw .n? 


fore the means of finding the quantity - 3 ’ 
a 


: ey : “I 
and this quantity being in units of weight, can be 
represented on our figure by a line measured on the 
scale already employed to represent efforts and re- 








The next step is to find the absolute values of 
these velocities. This can, of course, be done at 
once if either,the maximum or the minimum crank- 


pin velocity be known. In the case of a new en- 
gine, where the problem commonly presenting itself 


is the determination of the reduced inertia required | +16 gir 


in order that the fluctuation of velocity may not 
exceed a certain value, it is not only;possible, but (as 
we shall see further on) quite convenient to work 
directly from these limiting values. But where we 
are dealing with an existing engine we have only 
the mean velocity to work from, and know neither 
its maximum nor minimum values. If the mean 
velocity were simply an arithmetical mean between 


ios + 0, 


v, and v, —if, that is, », —the problem 
would be very easily solved from the given data, 
This, however, would be the case only if the ac- 
celeration were uniform, a condition which never 
occurs in practice, although it is almost invariably 
assumed in books. In a steam engine the mean 
velocity is almost always in excess of the arith- 
mane mean between the greatest and least velo- 
cities. The difference is often small and is seldom of 
any considerable importance, but its existence 
should none the less be kept in mind. 

By a method similar to that described in an article 
in our twentieth volume (p. 409), there is no diffi. 
culty in constructing a curve, as fe, Fig. 2, of which 
the ordinates represent the differences between the 
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Scalefor differences vy? 
$4566? 3 
(feet per Second) 


Fig 2. 
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sistances in the same units. If we then take this line 
as one side of a rectangle equal torv ws, Fig 1,* the 
other side of it will obviously be equal to the re- 
maining factor (v, ?—v,?), of the quantity repre- 
sented by the area of that rectangle, and can be 
measured on the scale of distances used in the figure 
= wn be 
2ag 
very small, i.c., be represented by a very short line, 
as may often be the case, it is in some cases more 
= w nt = wnt 


for mn, ae, &c. In case the quantity 


convenient to take for 
the first side of the 


as the other side, 


, or simply 





. a 
new rectangle, and so obtain 


t9,% 
of course, ") or 


te —*") respectively, from either of which ex- 
I 


pressions we can at once obtain the numerical value 
of the difference between the squares of the maximum 
and minimum crank-pin velocities. 

The construction employed in our Fig. 1 on 
page 1 of our last number is as follows: vx 
is set off in a convenient position to represent 
(on the scale of efforts, &c.), the calculated 


value of >”"*, > x is taken equal to r » and 
a 

parallel to » w (it is merely an accident that the 

point z falls upon the circle). 2 u is produced to y, 

its point of intersection with the production of r v. 

From y a line is then drawn through w cutting r x 














produced in z, It will then be seen at once that we 
have °*—"” whence vy. rz==rz. v w=0 Pr. v w, 
ra 
and rz"? But?” ° ” is by construction 
Du oM ; 
equal to p 
= w n? (v,2—v,2) 
2ag _ ut—v? 
— 28 ° 
ag 


and measured upon the scale of lengths ~ stroke, 
let us say, being 2ft. 8 in.), this will be found to be 
54 in. e@ difference between the squares of the 
maximum and minimum velocities is therefore in this 
case 9 ft, per second, 


* See also page 372 of our twentieth volume. 
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square of the least velocity and the square of the 
velocity at each instant, After finding the mean 
height of this curve (as cd) we can measure the 
difference between the mean of the squares of the 
successive instantaneous velocities, and the square 
of the maximum or the minimum velocity. But the 
mean of the squares of the velocities is not the same 
thing as the square of the mean velocity, and we do 
not know of any simple graphic means of connect- 
ing these two quantities, 

he exact solution of the problem when the mean 


nee: only is given is therefore difficult, but we 
may obtain a — approximate result very easily 
by making either o t the 


two assumptions: (1) 

two quantities just named are equal, (2) that the 
mean velocity is an arithmetic mean between v, and 
v,, The first assumption gives in most cases more 
correct results, but they are not obtained so easily 
as by the second. It is equivalent to measuring the 
ordinates of the curve fe (Fig. 2) from an axis (not 
shown in the figure) so placed that it makes the 
ordinates of line c d equal to the square of the mean 
velocity. 

From this we can at once obtain the velocity 
at every instant. If we suppose, for instance, the 
(known) mean crank-pin velocity to be 600 ft. 
per minute, then »,=10 ft. per second, and 
0 2=100 ft. per second, Measured from Fig. 2 we 
obtain v,?—v,2=4,1 ft., 1?—v,2 = 4.9 ft., whence 
v, the maximum velocity=10.21 ft. per second, and 
vo, the minimum velocity =9.75 ft. per.second. 
difference between these is ay or 4.6 per cent. 
of the mean speed, In precise 7 ee ome way the 
Ma ga at any other points of the stroke can be 
oun 

Proceeding on the second 


tion, the pro- 
blem can aay be solved graphi 


y in more ways 





v2—p?, 
2 v’? 
From this we have 0,2 —v,? : »,—", = 


Vo 
20,*: v,, the second term of this expression being 


than one. We may start from the equation 


: 
a! “"Ce 
pang 


ifference between the maximum and minimum 
velocities. Let o# and oy (Fig, 3) be axes for co- 

and W oa 80 t its ordinates 
measured parallel too a may represent values of 
% On any convenient scale. Draw then the para- 
bola o} touching o « at its vertex o, and having 
its ordinates equal to twice the square of those of 0 a. 
(It is necessary, of course, to determine only one 
point in the parabola by calculation.) Then the 
ratio between corresponding ordinates of 0 6 ando a 


will always be = fe The use of the diagram 
is very simple. Suppose, as before, that the known 
value of », be 10 ft. per second, then the diagram- 
: pt pm _ 20? _v,*—v,* 
gives us#m=10, and/@—_= —--=4_—_—, 
nm Vo 0; Ur 
po and take a point rin that line so that ¢ ¢ repre- 
sents on any convenient scale the quantity v,? —v,? 


already found by Fig.1. + écuts oain s, and a 
s 





Join 


_ 7m _v r—0,? 

am arte. 
upon the scale chosen for r#, gives us at once the 
quantity required, v,—v,, or twice the amount 
which must be added to or subtracted from the 
known mean velocity to obtain the greatest or least 
velocity. It is obviously not necessary even to 
know the numerical value of v,*—v,? before using 
Fig. 3; the line (or any aliquot part of it) which 
has been found by Fig. 1 (vide page 1 of our last 
number) to represent that quantity, may be taken 
forr ¢t. Fig. 3 has only to be drawn once for all, so 
that the whole operations from beginning to end are 
performed graphically, 

We must, however, look.in conclusion at the con- 
verse of the problem we have been considering, the 
determination—that, is—of the reduced inertia of 
the machine n for a given fluctuation in 
velocity. Ifthe mean velocity were equal simply to 


“a it would be very easy here to start from 


so that the distance s#, measured 


some given value of the fluctuation "— ” ; but 


0 

we have seen that in practice this is never the case, 
The value of this fraction and that of », are not 
sufficient of themselves to determine either », or 
v,, nor are the values of these two quantities suffi- 
cient to determine »,, Where this method is used 
in books it is always with the assumption that v, is 
simply an arithmetic mean between the maximum 
and minimum velocities,* and it is really from the 
latter that the calculation is made, This approxi- 
mate method can still be used here, of course, and 
the error to which it leads is not very important. 
It is more satisfactory, however, and equally easy, 
to assume values for the maximum and minimum 
velocities, and work direct from them. 

Suppose for instance that in an engine of which 
mpn (Fig. 1, page 1 of our last number) repre- 
sented the yk ge (tangential) effort, known 
or calculated (which of course is independent of 
the velocity), it were desired that the mini- 
mum linear crank-pin velocity should be 9.8 ft, 
per second, and that the maximum should not 


exceed 10.2 ft. We find at. once that et 
4.0 ft., setting off this to the proper scale as r z, we 
find the pointy by drawing zw, and u by joining 


y®. Then we know that vy=2”"" 


have only to sown heed value of vw on the effort 
scale by a and g to obtain the reduced inertia of the 
machine, In the case before us vz=5.5 lb. upon 
the effort scale. If the area of the cylinder be 300 
square inches then 3 wa*=53,1301b. If a really 
accurate result be required the reduced inertia of 
the working parts of the machine should be calcu- 
lated and subtracted from this. The remainder will 
be the reduced inertia of the flywheel, from which 


* an ht repeated thronghout several books and 
a rier ct ditions this is assumed by Professor 
Rankine. Wherever he speaks of flywheels he says 


“observing that vo = (v,+,)+2 we find “9 = 


4 Ey &. 
2 Eo 


, 80 that we 
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its weight can readily be found. If the reduced 
inertia of the machine be 2000 lb., for instance, that 
of the flywheel must be 51,130 1b., and if of this 
quantity the reduced inertia of the arms and boss 
be 1130 1b., that of the rim will be 50,0001b. Let 
its radius of gyration (commonly taken without 
sensible error as its mean radius) be 4} times that 


of the driving point, then its weight will be °2:000 


4.5* 
or 2469 Ib. 

We have described these constructions in some de- 
tail in the hope that we might make them intelligible 
even to those who are not so familiar with graphic 
methods as it is very advisable that all engineers 

‘should be. Although, however, the description may 
have appeared tedious, we can say from experience 
that the actual use of these methods is very easy, 
as we believeall will find whotrythem. The principal 
sources of inaccuracy to which they are open are two, 
both of which are common to all methods of solution 
of the problems. The first of these is possible error 
in the determination of the net driving effort from 
that shown by the indicator card. We hope to re- 
turn to this is another article. The second is pos- 
sible error in the calculation of the reduced inertia of 
the machine. It is generally possible, if sufficient 
trouble be taken, to find this within very narrow 
limits of error if it be required to do so (which is 
seldom the case), but from its very nature this is a 
thing which must be done ee for eve 
machine, and cannot be brought under any suc 
general solution as the one we are considering. The 
exactness with which the effect of any sudden 
alteration in the resistance (such as we have already 
alluded to) can be determined, depends entirely on 
the accuracy with which the magnitude of the 
alteration and other conditions affecting it are 
known. 

It is not necessary to consider the case of double 
cylinder engines by itself, as its working out in- 
volves no alteration in principle from that we have 
described. We shall, as we have said, take another 
opportunity of returning to some of the questions 
connected with and arising from the subject of these 
articles. It is scarcely necessary to point out that 
the application of the methods here described is not 
limited to the case ef ‘‘ prime-movers.” ic 








LONDON WELLS. 

In dealing with the water supply of the metropolis and 
many provincial towns, we have directed attention to the 
dangerous results that have occurred from the use of water 
drawn from wells situated in the midst of crowded districts. 
Some time ago it was recommended that all the wells in 
London (of course excepting the Artesian class) should be 
peremptorily closed. The recent statements in respect to 
the Aldgate pump have revived the question ; and still later 
the condition of the water drawn from the New Inn law- 
court pump has raised further interest*in the question, 


It requires little knowledge of either engineering or che- | Widiand 


mical science to perceive that all wells, situated in populous 
districts, must necessarily be the subject of pollution from 
drainage, the porosity of the soil, adjacency of burial-yards, 
&e. In the case of the New Inn pump, Mr. Foster, F.C.S., 
has made some interesting revelations. He states that a 
medical friend residing in one of the Inns asked him to ana- 
lyse the water of the one above referred to. It was clear, 
sparkling, and refreshing to the drinker, as most bad waters 
are. It appears that the water of this New Inn pump is 
largely used by the neighbourhood, which reminds us of the 
pump adjacent to the Bankruptcy Court in Basinghall. 
street, the water from which, some thirty years ago, was 
sought on all sides, although the pump was situated on the 
site of the old churchyard of St. Lawrence Jewry, near 
Guildhall. It appears that in respect to the New Inn well, 
the analysis showed that, in grains per gallon of water, there 
are 92.4 of solids ; of chlorine, 7.4 ; ammoniacal salts, 0.210 ; 
organic nitrogen, as ammonia, 0.012; nitrogen present as 
nitrates, &c., 0.793. 

This analysis shows an enormors amount exists of what 
Dr. Frankland bas termed sewage contamination, although 
in many cases we might take exception to this view of the 
subject. Mr. Foster has given also an analysis of the water 


of the Lincoln’s Ion pump, which he considers as almost Other Boll 
equal in quality to the water supplied by the New River — Locomotives.) Y*"* . 
Company. gas | ing Stock. 
We fully agree with Mr. Foster that the New Inn pump | London and North.Wea 

should at once be closed. Had any of the “ Precipitation of tendon snd apes ween oo ~ — 
Sewage” companies sent such water into the Thames, they | Nortl-Zastern .. |. t 1331 78,657 
would have rendered themselves liable to prosecution ; or at | London, Brighton, &c.... 274 208 
least their employés as local authorities, in regard to the| Metropolitan... ... 44 219 
standard adopted some years ago by the Conservators, who Great Northern... 533 15,024 


fixed a point mueh below that of the one recommended by 
the Rivers Pollution Commissioners. 

But this is not the only well or pump that should be 
looked after. A discovery was made a short time 


ago in the centre of the City, as to the water supply of its 


account if we give the mode in which the Great Northern ex- 


commercial mansions being drawn from a well not far from 
the Mansion House, Our thoughts naturally revert to the 
fact that while reports, investigations, castigations, &c., are 
being administered freely throughout the country by the 
head Local Government Board, there is an equally bad, or 
perhaps practically worse, series of cases to be taken up 
within a few minutes’ railway ride from their office in We-t- 
minster. Under the circumstances we cannot help reminding 
that Board that “ there is no place like home” for setting a 
good example. 


RAILWAY ROLLING STOCK. 
Tue cost of railway rolling stock is an item tolerably 
familiar to railway shareholders: but the extent of that cost, 
and the proportion of capital sunk in it are almost unknown. 
This may be due in part to the difficulty of procuring 
accurate information, owing in a measure to the varying 
cost of every article included in the item, and also to the 
different modes in which that first cost is presented in the 
accounts of railway companies. But we believe that a 
tolerably accurate statement may be drawn up of the 
amounts expended by the chief companies on their engines, 
carriages, wagons, and other rolling stock ; and though 
absolute accuracy cannot be obtained (owing to the dif- 
ferent manner in which some doubtful articles are included 
and excluded), yet one may be extracted from published 
accounts and other official documents sufficiently correct 
for comparison, of the cost to lines representative of every 
class of railway in the kingdom. So far as the figures are 
obtainable they are as follows : 























Cost for 
| Cost to End 

— Current 

| of 1875. Half- Year. 
£ £ 

London and North-Western ...| 7,154,067 $1,713 
Midland ... oe ao | 6,427,992 
North-Eastern ... «. —...|_ 8,715,778 $26,550 
London, Brighton, &c.... 1,332,547 43,375 
Metropolitan... es 262,864 
Great Northern ove «| 2,915,560 100,000 








Roughly speaking, the London and North-Western has 
expended in the provision of rolling stock a ninth part of 
its total capital expenditure; the Midland the same pro- 
portion; the North-Eastern, a seventh; the London, 
Brighton, and South Coast shows the small proportion of a 
fourteenth, its provision for mineral traffic being so small ; 
and the Metropolitan the smaller proportion of little more 
than a quarter of a million out of a capital of above eight 
millions. The Great Northern proportion is tolerably 
similar to those of the two first-named companies. 

We may next indicate the gross receipts of each com- 
pany, so that the relation of these to the value of the sums 
expended on rolling stock may be seen. Giving, first, the 
gross income for the half-year referred to, we append in 
comparison the figures above quoted, representing the total 
cost of rolling stock : 














Gross Half- 
> Cost of Roll- 
Receipts. | ing Stock. 
£ Fs 

London and North-Western ...| 4,826,176 7,154,067 
idland ..; ni = ...| 3,098,416 6,427,992 
North-Eastern ... des 3,401,888 8,715,778 
London, Brighton, &e.... ond 965,309 1,332,547 
sateepelion én’ wei 241,050 262,864 
Great Northern... 1,538,915 2,915,560 





By comparing, these Tables it will be seen that the gross 
annual receipts bear a close resemblance to the cost of 
rolling stock, it being borne in mind that the half-year’s 


receipts above given are those for the most productive half | p 
year. Of course, companies like the Metropolitan are the 
exception to the rule, which chiefly holds good where the 
passenger traffic is a large constituent of the gross receipts, but 
not the chief source thereof. 
made that when, as in the case of the North-Eastern, large 
additions have been and are being made to the rolling stock 
at a time when the traffics are stationary or falling, the 
equilibrium between gross revenue and cost of rolling stock 


The observation must also be 


is necessarily disturbed. 

Turning, next, to the numerical amount of rolling stock 
held by each of the companies named, giving the locomo- 
tives separately, and classing the other stock in one group. 
So treated, the numbers are as follows : 














It may further illustrate the expenditure on rolling stock 
iture has the sum total being 2,915,560/. Of 


balance, 1,685,4112, being the cost of ‘carriages, wagons, 
and other carrying stocks, sheets, sacks, &c.”; the tools for 
the company’s workshops being separately charged. We 
may also give the proportions of the expenditure on ohe of 
the great mineral lines. Those for the gross total are not 
given in either the North-Eastern or Midland accounts, 
but in the latter the details are given of the last half-year’s 
expenditure. The sum was 806,448/2; and it was thus 
divided : Locomotive engines, 83,8731. ; carriages, 79,7412. ; 
wagons, 121,037/.; and machinery, 21,7964. The numbers 
added in the half-year were: Locomotives, 34; tenders, 23 ; 
first-class carriages, 66; composite carriages, 47 ; third- 
class carriages, 19 ; passenger brake vans, 31 ; cattle trucks, 
153; goods wagons, 1229; covered goods wagons, 1; coke 
and cval trucks, 12; brake vans 74. In all cases the sums 
spent are without those spent on repairs and renewals of 
rolling stock, and the numbers of different kinds of stock 
added are also excluding those repaired and renewed. 


THE INSTITUTION OF CIVIL ENGINEERS. 
Tux Council of this incorporated Society have awarded 
the following premiums for some of the original communica- 
tions presented during the last session on account of the 
science, talent, or industry displayed in the consideration 
of the several subjects dealt with : 

1. A Telford Medal and a Telford Premium to Walter 
Raleigh Browne, Assoc. Inst, C.E., for his paper on “‘ The 
Construction of Railwa: Wagons, with Special Reference 


to Economy in Dead Weight. 
2. A Telford Medal — a Telford Premium to William 
Sc., Assoc. Inst. C.E., for his “‘ In- 


Cawthorne Unwin, B. n 
vestigation of the Motion of Light Carriers in Pneumatic 
i mtinuous or Permanent 


bes, when the Air is in 


Tu 
Motion.”’ 

Medal and a Telford Premium'to Gilbert 

Redgrave, Assoc. Inst. C.E., for his paper on 


3. A Telford 
ichard 
** Se In tion Systems, or -Sewage Processes.’’ 





4. A Telford Medal and a Telford mium to William 
Shelford, M. Inst. C.E., for his paper on ‘“‘ The Treatment 
of by Precipitation.” 

5. A Watt M and a Telford: Premium to Gabriel 


James Morrison, M. Inst. C.E., for his paper on “‘ The 
Ventilation and Working of Railway Tunnels.” 

6. A Telford Premium to Charles Bontemps, for his paper, 
— on. the Movement of Air in Pneumatic- 

u oo 

7. A Telford Premium to Richard Spelman Culley, M. 
Inst. C.E., and Robert Sabine, Assoc. Inst. C.E., for their 
paper on ‘‘ The Pneumatic Transmission of Telegrams.’’ 

. A Telford Premium to John George Gamble, B.A., 
Assoc. Inst. C.E., for Lis paper on “‘ The Brighton Inter- 
cepting and outfall Sewers.’’ 

. A Telford Premium to Wilfrid Airy, B.A., M. Inst. 
C.E., for his paper ‘‘On the] Probable Errors ,of ;Level- 
ling, with Rules for the Treatment of Accumulated 


Errors.” 
10. A Telford Premium to Sidengham Duer, B.Sc., 
Assoc. Inst., C.E., for his paper on ‘‘ The Hydraulic Canal 


Lift at Anderton, on the River Weaver.” 
11. A Telford Premium to George James Symons, Secre- 
tary to the Meteorological Society, for his paper ‘‘ On the 
pote in England Wales during 1875, and on Water 
momy.”” 
12. A Telford Premium to Charles Greaves, M. Inst. 
a for his paper ‘‘On Evaporation and on Percola- 
n ” 


13. A Telford Premium to William Sugg, Assoc. Inst. 
C.E., for his paper ‘* On Estimating the Illuminating Power 
of Coal Gas.’ 

14. A Telford Premium to James Nelson Shoolbred, 
B.A., M. Inst. C.E., for his paper ‘‘ On the Changes in the 
Tidal Portion of the River Mersey, and in its Estuary.’’ 
15. The Manby Premium to David Alan Stevenson, B.Sc., 
for his paper on ‘‘ The Dhu Heartach Lighthouse.” 

The Council have likewise ‘awarded the following prizes 
to Students of the Institution : 

1. The Miller Scholarship to the Hon. Richard Clere 
Parsons, B.A., Stud. Inst. C.E., for his paper on ‘‘ The 
History and Theoretical Laws of Centri Pumps, as 
supported by Experiment, and their Application to their 


2. A Miller Prize to Arthur Ernest Baldwin, Stud. Inst. 
C.E., for his paper ‘‘ On Tunnelling in the London Clay.” 

3. A Miller Prize to George Barclay Bruce, Jun., Stud. 
Inst. Cm , for his paper on “‘The Rio Tinto Mines 
Tunnel.” 

4. A Miller Prize to Richard John Gifford Read, Stud. 
Inst. C.E., for his paper ** On Metallic Veins, and on Works 
in Connexion with Tin Mining, and on the Dressing of Tin 


5. A Miller Prize to Joseph John Tylor, Stud. Inst. 
C.E.. for his paper on “‘ The Sinking of a Coal Pit in the 
Rhondda Valley, with Particulars of the Means employed 
and of the Cost of the Work.”’ 

6. A Miller Prize to Joseph Tysoe, Stud. Inst. C.E., for 
his ‘* Description of a Grain Warehouse and Malting, and 
¢ the Apparatus used for Removing and Distributing the 


7. A Miller Prize to William James Chalk, Stud. Inst. 
C.E., for his paper ‘‘ On some Methods of Screwing Piles, 


adopted in the Construction of the Withernsea Pier.’ 
8. A Miller Prize to Arthur Spence Moss, Stud. Inst. 
C.E., inning, with recent 


for his paper on “ Uni 
les.”” 


9. A Miller Prize to Arthur Cameron ame | Stud. 
Inst, C.E., for his paper on ‘‘ Concrete in Marine Works.” 





Booxg Recetvep: Erratom.—tIn our announcement 
of ‘‘ Books Received’’ last week, the author of ‘‘ Iron and 








gone, 
on locomotives and tenders 1,230,149/ was spent, and the 





Steel”’ ® a typographical error, stated to be ‘‘ Mr. 
Charles Howay’” instead of ‘‘ Mr. Charles Hoare.” 


7 





Jory 14, 1876.) 


ENGINEERING, 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIppLEsBROUGH, Wednesday. 

The Quarterly Meetiny of the North of England , ae 
Trade.—Yes y there was a attendance on ’Change 
at free mpeg oy the quarterly meeting of the iron and 
coal trades of the North of England being held there, and 
attracting representatives from the different centres of 
industry,in England and Scotland. The prices of pig iron 
were the same as those quoted last week, being based on 
45s. per ton for No. 3. Mr. Thomas Whitwell, of Stockton, 
showed a model and diagrams of his hot blast firebrick 
stove ; Messrs. Hammond, Kyle, and Co., of Middlesbrough, 
exhibited specimens of rich Spanish ore, Messrs. Ww. 
Campbell and Co., Middlesbrough, showed a model of 
Morgan’s patent tuyere, and the Cleveland Slag Company, 
Limited, Middlesbrough, showed bricks, blocks, and 
concrete made from slag. Much iriterest was caused on 
*Change by this company exhibiting what to all ap- 
pearances was cotton wool. When it was made known 
that this cotton was made from there was a constant 
rush of astonished observers to the box to examine the ma- 
terial, and wonder what next would be made from Cleve- 
land ironstone, which only a few years ago was considered 
useless. It is believed that glass might be made from 
slag, and probably when trade generally improves this will 
be attempted. 

ee Reduction of Wages.—We mentioned last week 
that the blast furnace owners contemplated reducing the 
wages of their men 10 per cent. Since then they have 
given notice that such a reduction must be made. There 
is every reason to believe that the men will submit to the 
reduction without hesitation, as of know the distressed 
state of trade, and the difficulties that employers at present 
have to deal with. 

The Finished Iron Trade.—In the finished iron trade 
there are no further signs of improvement. The most 
experienced men en, in the trade are of opinion that 
the c for the better will be a very gradual one, and 
that probably this year it will scarcely be perceptible. 
There is plenty of money in the country, and the restoration 
of confidence would quickly be followed by all kinds of 
projects, the carrying out of which would necessitate the 
expenditure of capital and cause activity in industries 
which at present are prostrate. 

The Coal and Coke Trades.—There is no change in the 
coal and coke trades. 








NOTES FROM THE SOUTH-WEST. 

Great Western Railway.—An announcement of the in- 
tention of the directors of the Great Western Railway 
Company to issue 1,600,000/. of new ordinary stock at par 
(we believe to be offered to the present holders of origi 
stock in the proportion of 101. to every 1001.) had a slight 
effect at first upon the market price of the stock. e 
money, however, will be required for reproductive works, 
such as the construction of the tunnel under the Severn, 
&c., and this being the case, the new issue can hardly hurt 
the old in value. The tunnel, which it is expected will be 
completed in no very = time, will, if successfully made, 
help traffic from South Wales very materially. 

The Portishead Docks.—At a meeting of the Bristol 
Docks Committee, on Monday, a cheque for 24,0001. was 
ordered to be signed in favour of the Portishead Docks 
Company, being the balance of 100,0001. which the Bristol 
Town Council resolved upon investing in the undertaking. 

South Wales Coal.—The opinions entertained pengosiiog 
the probable future of the South Wales coal trade for the 
rest of the year are conflicting. On the one hand, the 
news published from day to day concerning ironmaking 
industries is more discouraging than ever. On the other 
hand, there is just a possibility of the war in the East as- 
suming &.more general character, and causing’ a much more 
active demand for all kinds of fuel than has been rienced 
for some time. Between these two opinions the trade 
seems to be halting. 


Bull Point v. Morte Point.—At the meeting of the 


Newport Harbour Commissioners on Friday, a letter was 
read from the Elder Brethren of the Trini ouse, asking 
the Commissioners to send a deputation to London to confer 


with them as to whether it was better to erect a tee 
on Bull Point or Morte Point. The Trinity Brethren are 
at variance with the authorities at the several ports in the 
Bristol Channel on the subject; hence the conference. A 
deputation was appointed. 

The Scilly Cable.—The steamship Queen of the Bay has 
returned to ce, eins ired the Scilly end of the 
frp cable and spliced it. weather was too rough 


allow of the Land’s End portion being spliced, and this | Dy 


will be done at the first opportunity. 


The Forest of Dean.—The notice given by Mr. Crawshay 
to his furnacemen for a reduction of 5 cent. has been 
withdrawn, it ie intended to reduce the working days. 
The furnace and other workmen in the employment of the 
Great Western Iron Works Company, Sew » Forest of 
Dean, have received notice of a further 5 per cent. reduc- 
tion in wages. 

The Tin-plate Trade.—Notices have been posted at the 
Margaen Tin-plate Works, to the effect that all contracts 
will cease at the expiration of twenty-eight days. The news 
has cast a gloom over Aberavon. 

The Gadlys Works.—These works, which were lately 
relighted, are to be put out again, It is stated that there 
is an expectation of every man being dismissed. 

A Leak Stopper.—A new design for a leak for 
iron ships has been received at Devonport from Ad- 
miralty for trial and report. The invention is that of the 





pa of the Bellerophon, Mr. Richards, and it is 
ieved to possess merit. 
Save doo tae punpuia ot ening speees einen, on toe 
in 1875 for the purpose 0! ing pa’ works, on the 
rinciple of Mr. Grant’s patent: A piece of freehold land, 
Fring on the east side of the Glamorganshire Canal and west 
of the Taff Vale Railway, about two miles from Cardiff, was 
hased, and on this site works have been erected. The 
Sie. commenced making fuel on the 19th January, 1876, 
and loaded a vessel of 140 tons in a few days afterwards. 
The small coal having been discharged from the boats into 
endless chain boxes at the end of the building, is conveyed 
into the heaters, and from there, by means of machinery, 
from - ¥ to a until it is brought out at the other end 
in smooth hard blocks, at the rate of sixteen or twenty per 
minute, or about eighty tons per day of twelve hours. 
Since the works s only two stoppages have occurred 
one onthe 30th March to repair the pressing piston and 
the other on the 8th of May for the purpose of adding 
another boiler to the plant. 


Swansea Harbour.—The chairman of the Swansea 
Harbour Trustees stated at a meeting of that body on 
Monday that a great many alterations had been ein 
the Local Harbour Bill, but it would sfill, he believed, be 
a satisfactory Bill. It was reported that the shipping rates 
received during the past month were 1401. less than the 
previous month, but 3601. in excess of the amount for the 
corresponding month of last year. 








NOTES FROM THE NORTH. 
Giasaow, Wednesday. 

Glasgow Pig Iron Market.—There was a quiet market 
last Thursday forenoon, and business was done at 56s. 8d. 
one month, and 57s. 6d. cash—closing buyers at the former 
and sellers at the latter. The afternoon market was steady, 
and there was practically no change in the prices of war- 
rants. Messrs. William Baird and Co. reduced their prices 
1s. per ton for No. 1 Gartsherrie, and 6d. per ton on other 
brands. A quiet business was done on Friday forenoon at 
56s. 6d. cash, closing rather buyers at that price—sellers 
56s. 7d. Prices remained tered in the afternoon. 
Several brands of makers’ iron were reduced in price on 
Friday—Carnbroe, Gi: ock, and Dalmellington, Nos. 
1 and 3, 6d. per ton, and No. 3 Shotts 1s. per ton. Mon- 
day’s market was flat during the forenoon, and only a small 
amount of business was done in warrants at 56s. 6d. to 
56s, 34d. cash—closing buyers 56s. 3d., sellers 56s. 4d. The 
flatness was continued in the afternoon, and no business 
was » nor were prices altered. There was more 
decided flatness yesterday forenoon, and business was done 
in warrants at 56s, to 56s. 1d. cash—closing sellers at latter 
and buyers at former price. No business was reported in 
the afternoon, and even lower prices were announced. 
More was shown this forenoon, and a good business 
was done in warrants at 56s. 1d. to 56s. 3d. cash—closing 
buyers over at the higher price—sellers 56s. 4d. The price 
of loan No. 1 iron, was reduced 1s. 6d., and No. 3, 6d. 
per ton. There was a continuance of the firmness in the 
afternoon, but without any change in the quotations. Last 
week’s shipments amounted to 7092 tons. as against 13,215 
tons in the corresponding week of last year. There are 
still 116 blast furnaces in operation, as against 117 at 
the same time last year. A considerable quantity of iron 
has been sent into the warrant stores within the last week 
or ten days. Manufactured iron is still very much depressed, 
and the tendency is towards even greater dulness and lower 
prices. 

Trade Depression.—In the mining, shipbuilding, and 
several branches of the engineering trades there is a con- 
siderable amount of depression just now, and there seems 
to be little premyess of anyc for the better for some 
time tocome. There are certainly two or three branches 
of trade that are well occupied, but the rule is that dulness 
very ee By-and-by I may be more spe- 
= in respect both of instances of activity and of extreme 

ness. 


Valuable Find of Ironstone.—For several months the 
Carron Company have been busily engaged in boring in the 
lands near tgrange, in an endeavour to strike the seams 
of ironstone which are believed to underlie the various 
estates to the eastward. Their efforts have at length met 
with success. Ata depth of 140 fathoms the borers have 
cut through the main seam of ironstone, and found it to 
be 24 in. thick. Itis remarkable that several years the 
field in which the find took place was leased 4 the Shotts 
Iron Company, who bored in several places to a depth of 
os fathoms, and, not finding the ironstone, gave up their 
lease. 

Reduction in the Price of Coal.—A few days ago the 
sart coals, which are well known as being of the best 
ong he shipping coal in Fifeshire, were reduced in price 
rom 8s. to 6s. per ton. In some other places in the same 
county reductions have also been made, but not upon such 
a large scale. 

Imports of Timber.—A few days ago a cargo of timber, 
consisting of 10,624 square and 1200 half mare 8 r 
blocks, arrived at Granton from Riga. m cut 
will yield 22,448 sleepers for ee During last w 
no fewer than nine cargoes of timber arrived at 
mouth. They consisted of 33,022 pieces battens, 131,145 
pieces staves, 8978 pieces deals, 518 pieces square, 
pieces pit p + Leith there were six v ; 
with battens from the Baltic, and two with large timber 
from Porto Rico. 

New Cable across the Pentland Firth.—The great loss 
and inconvenience to the public caused by the almost con- 
tinued interruption of telegraphic communication for a 
number of years between Orkney and Shetland and the 
mainland is now about to be remedied. During 








r is deep—between 40 
fathoms—the cable to be laid down will weigh 15 tons to 
the mile, but towards the shore, on both sides, it will be 
much heavier, and will weigh 24 tons to the mile. 


New Harbour at Thurso, — It is that the 
promoters of the new harbour’ scheme, which is to be 
carried out at the mouth of Thurso river, have 
Mr. W. Dyce Cay, C.E., Aberdeen, as their engineer. Mr. 
Cay will still continue as the resident engineer over the 
important harbour works now in progress at Aberdeen, and 
which he has carried out with such t credit to himself 
and benefit to that port ; but he is to be some 
time to do other professional work. 


New Pier in the Orkneys.—A new pier, at an estimated 
cost of 20001., is to be erected at the west side of Lingro 
Bay, Holm, Orkney. The cost is in the mean time to be 


guaranteed by several gentlemen in the locality. 


The Burntisland Water Scheme.—The representatives 
of the Burntisland Town Council who were in London 
fighting the opposition to the Dour water scheme, gave in 
their report at a meeting of the Town Coungil on Friday 
night. It was resolved to call in all outstan accounts, 
and having ascertained the state of the finances, to consider 
as to proceeding with the scheme. The Bill, which is ex- 

to receive the royal sanction this week, provides chiefly 
on a Notler copie tre De ae a ees 
of which we may here i A @ present 
supply is from three sources, and though sometimes yield- 
ing 17,000 gallons a day to 3400 of a population, is inter- 
mittent, very inadequate, and a source of constant com- 
plaint. The new or Dour scheme proposes to add to the 
old supply at least 300,000 gallons aday. In accomplish- 
ing this result it will be necessary to expend abont 18,0001. 
in the _—- of land, construction of reservoirs piping, 
&e. e ne ground of the Dour extends, it is 
said, to 1 acres, and the water over this area is 
to be collected in @ reservoir covering 43 acres and 
— of holding Pigg Baggersiny ge yA days’ 
supply, supposing the outpu’ 700, ons, 
Se Se ag oh pig 
j ons a day; “ 0. ; compensa- 
tion, 350,000 do. ; total, 700,000 do. ‘As evidence of tho 
resources Of this scheme, it may be mentioned that the 
Dour was carefully for a twelvemonth—March, 
1875, March, 1876--and was found to yield an average of 
1,390,000 ms a day ; the hi wee et one day 
being 13,000,000 gallons, and the lowest 54,000. When 
burns run dry, the storeage supply for towns in the east of 
Scotland is usually reckoned for 200 days, but the half of 
this was felt to be a safe calculation for the Dour. In ad- 
dition to the general reservoir, a distributing reservoir is 
to be erected, and between these the water undergoes a fil- 
— process. The latter is 200 feet above the sea level, 
and the former 39 ft. higher. With the combined supplies 
of its old and new water, Burntisland will have over 100 
gallons per day per head. 





AvustTRo-HuNGARIAN Raritwars.—At the close of 1870, 
Tanpestan engine, Ap Uaechoapal IWly the exieeapentiog 

ungarian empire. i corresponding 
total had grown to 10,252 miles, showing an increase of 
4419 miles in the last five years. Of late, however, the 
work of railway construction has materially slackened in 
Austria and Hungary, and the disturbed state of Eastern 
Europe will Pte: exercise a di ing influence upon 
the further development of Austro-Hungarian railways. 

Frencu IronsTtong.—An effort is being made to im; 
increased activity upon the working of the ironstone of the 
Fillols Iron Mines Company. The company’s mines are 
situated in the or, of the Pyrénées-Orientales, and 
they are said to rich and to be well adapted for the 
production of superior iron and steel. A contract con- 
cluded with the Alais Forges Company and contract 
arrangements with other iron works in the south of France 
assure the Fillols Com , as from the cnenng of the 
Perpignan and way, an annual sale of 60,000 
tons of iron stoves at 9s. 7d. per ton delivered at Prades. 





Vicror1aAn RarLways.—Dnring the V i 
year ending with June, 1875, there were 158 railway con- 


ee ae involving a total 
of 1,590,9481. According to one of : 

lish railways have cost be gy ae mile ; 
17, Zealand 


1. per mile ; New " 5 
land, 18,0001. per mile; New South Wales, 


and Victorian, 7 


Zealand, 38 ft. 
tralia, 5 ft 
mania (main line 


of the he 
plc ple MS coe be ced 
over 4 per cent, per annum. 
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STOW AND BURNHAM’S FLEXIBLE DRILL. 

Amone the minor exhibits at Philadelphia, one of the 
most ingenious is the flexible drill which we illustrate by 
the accompanying engraving, and which is manufactured 
by Messrs. Stow and Burnham, of Philadelphia. It con- 
sists simply of a flexible tube lined with a spiral wire, and 
through which is passed a closely coiled spiral, having at 
each end suitable connexions for a small sheave and for 
the drill respectively. These details are clearly shown in 
the drawing. A link passes around the sheave and has a 
hook attached to it, for the purpose of holding a tension 
rope when the drill is in use. The sheave is driven by a 
cord from a countershaft direct, or through a system of 
pulleys when the work to be done is removed to any dis- 
tance. The largest-size drill yet made is 1in., which is 





worked by a 1in. cable, and the smaller sizes range from 
jin. upward, increasing by eighths of an iach ; the longest 
cable bitherto employed is 15 ft. The successful application 
of this drill has been shown at the Exhibition, by taking it 
round several bends and drilling } in. holes in the Hamilton 
ateeled chilled wheels. 

This arrangement has been for some time past very largely 
used for dental surgery, and the idea of transmitting power 
round angles by a spiral cable is not new. Probably the 
first application was madein Belgium, where it was employed 
to transmit the power of windmills in driving stones, and 
later in at least one factory in this country it is used for 
driving countershafts. But the application for drilling 
purposes is as new as it is ingenious and efficient. 





Tus Vicrortan Marts.—The Government of Victoria, 
Australia, has renewed for a term of years a contract with 
Messrs. M‘Meckau and Blackwood for the conveyance of 
the Suez mails between Melbourne and New Zealand. 

Ouro Rariways.—The te earnings of the rail- 
roads in Ohio last were $1,945,326 dols., as compared 
with 70,928,195 dols. in 1874, showing a decrease of 
6,432,869 dois. t year. The net earnings of Ohio rail- 
roads were 17,515, dols. in 1875, ageinat 19,798,109 dols. 
in 1874, showing a reduction of 2,272,482 dols. last year 
ohn ek uf 125 ie Ione than the i 

io year, or m equupeating 
extent of new track laid in 1874. The te length o 
line to which the traffic details which we have been giving 
for 1875 refer, was 7489 miles. The railroads of Ohio are 
steel-railed to the extent cf 1432 miles. 





sewage into the river. Sueh notices 
this month. It is expected that the Coz 
will at once sue for ities. An applica 
made to form a united district. 
Commissioners 


on the subject was read 
Surbiton and 

tails. The si 
throws 


on 
, from whi 
authorities 





WILKINSON’S SCALE FOR DRAWING STEAM CURVES. 
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We annex a sketch of a very handy scale for drawing 
steam expansion curves, which has lately been designed and 
brought out by Mr. Johan Wilkinson, of 42, St. George’s- 
road, Lambeth, this scale being adapted for laying down, 
with great ease, curves drawn in accordance with the for- 
mule given by Professor Rankine for expansion in jacketted 
and unjacketted cylinders. According to these formula, as 
most of our readers are aware, the pressure falls in a steam- 
jacketted cylinder in proportion to the tith power of the 
ratio of expansion, while when dealing with unjacketted 
cylinders, the ‘th power is to be substituted for the }ith. 

hus, if p, is the initial absolute pressure, p, the final abso- 
lute pressure, and r the ratio of expansion, we have 
according to Professor Rankine, 

Pa for jacketted cylinders, and 
“f 


P= *. for unjacketted cylinders. 
r 


Mr. Wilkinson's scale is adapted for laying down curves 
in accordance with either of these formulas, our sketch show- 
ing itin use for drawing a curve according to the second 
formulew. The mode of using the scale will be readily 
understood from eur sketch. 

Let us suppose, for instance, it is desired to draw a theo- 
retical expansion curve on a given indicator diagram. First 
draw, perpendicular to the atmospheric line, an ordinate 
cutting the expansion curve at a convenient point near the 
point of cut-off, and measure from this ordinate to a line 
drawn at a distance beyond the end of the diagram, mark- 
ing the clearance space. Use the measurement thus obtained 
as a unit, and step off along the atmospheric line a series of 
spaces, as shown in our sketch. At the end of each space 
draw an ordinate, numbering them as shown. To insure 
greater accuracy some of the spaces may be subdivided, as 
in our example. 

Next draw the line of absolute zero, and place the scale 
with the inner edge of one of its legs coinciding with that 
line. The other leg, which must be that marked with the 
scale it is desired to use, must then be opened, and the 
scale adjusted until the mark 1 agrees with the point at 
which the ordinate 1 cuts the curve of the indicator dia- 
gram. The opening of the leg thus formed being main- 
tained, the scale is slid along the zero line until the mark 1} 
touches the ordinate 1}, the mark 2, the ordinate 2, and so 
on, these contacts between the marks and ordinates giving 
the height of the latter, or in other words, points in the 
desired curve. The curve can thus be drawn with great 
speed and accuracy. 

The marks on the scale extend up to 10, but the scale ean 
readily be used for laying out for higher degrees of expan- 
sion. All that is necessary to do, is to close the scale 
until the mark 1 is at the height of the 2nd ordinate, when 
the mark 2 on the scale will correspond with the height of 
the 4th ordinate, the mark 3 with that of the 6th ordinate, 
and so on, mark 10 giving the height for a twenty-fold 
ex ion. The same system can, of course, be carried still 


>| further if required. Altogether Mr. Wilkinson’s scale is a : 


very handy little instrument, and when known, it is, we 
think, likely to be extensively used. The outer edges of 
this scale, we may add, are graduated with the scales for 
Richards’ indicator. 





THE STRUCTURE OF STEEL. 


Remarks on the Manufacture of Steel, and the Mode of 

orking it.* 

By D. Cuernorr, Assistant Manager of the Abouchoff 
Cast Steel Works, near St. Petersburgh. Translated by 
W. AnpERsON, M. Inst. C.E. 

Concluded from page 12.) 

From what has said above, you must have perceived 

that the whole point lies in the structure of the steel, and that 

for successful forging the heated ingot, after it is taken out 
of the furnace, must be forged as quickly as possible, so as 

age ste epee pg = las i i 

steel migh' ae pa uietly, use, a8 
condition to af tel mt be enti. 
a a 
salt, which, the moment it is allowed te eset quietly, de- 


to the Russian Technical Society in 








* Communicated 
April and May, 1868, 


in which 
have said, ; 


velops large crystals. (I t that this has reference to 
temperatures higher than by 

To show you how great is the tendency to tallisation 
in steel heated up to a ¥ - temperature, allowed to 
lon Ee ~ a short awd; oars brought — 
specimens by which you can judge of thistendency. The 
| larger specimen was obtainad under the following yi Sn 

stances: An ingot of soft steel prepared for forging was 
allowed to remain in the furnace for half an hour after it 
had been heated to a bright orange heat, because the 
er was occupied by another forging. But in order 
not to overheat the ingot the smith red the temperature 
of the furnace, and gradually let down that of the work to 
a bright red. If you will now call to mind what I have 
said about the tendency of steel to crystallise in cooling 
the temperatures c and b, you will readily believe 
that during this half-hour the ingot had time to dongs its 
internal structure from the amorphous to the crystalline, a 
c which was greatly assisted by the extreme soften- 
ing it had undergone at the higher temperature, which 
presented favourable conditions for the movement of the 
) les within the mass. As soon as the hammer was at 
iberty, the ingot was taken out of the furnace, and 
on the anvil; with the very first blow on its middle, the 
end of the t tumbled off from the effects of the con- 
cussion ; the form of the fracture you can see on the first 
specimen before you. The remaining samples are taken 
from other ingots under similar circumstances, and they all 
show how strongly the crystals have developed themselves; 
and, moreover, each crystal seems to have formed itself in 
an independent manner, with so little cohesion to the 
neighbouring crystals that one shock was sufficient to sepa- 
rate them, and allow the ——e piece to detach itself 
by its own weight. The specimens show that fracture has 
taken place only along the surfaces of the crystals, and 
nowhere through the body of them. 

It might be concluded from the incident above described 
that the ingot was completely spoiled and could not be 
forged — But such a conclusion would be quite erro- 
neous. It is true that the higher the temperature ef the 
steel the more susceptible is it to the action of the furnace 
gases, and the quicker it changes its chemical condition, so 
that if kept at a high temperature in the furnace it will 

ually lose its carbon, and be slowly converted into iron 

rning). The example I have cited, however, is only a 

case of overheating ; and in order to know how to correct 

the — made, we must turn to the conditions of crys- 
on. 

Let us, again, take the beaker of melted alum. Suppose 
the melting point to be to, and that the solution was further 
heated up to ti under which operation it would continue 
liquid. the temperature fall ually, keeping the 
solution perfectly quiet, then we that at some 

perature ¢ | m fo and ¢; the salt will begin to crys- 
— i it pray the = _— up the solution to 
e the crys issolve again at the same temperature ¢. 
We shall notice, also, that there is searcely any cohesion 
between the =e crystals so formed, if we do not 
wish to disturb their mutual relations, we shall have to 
allow the crystallising solution to cool below the tempera- 
ture te, and then, by a second heating up to ¢*, we should 
again receive a fluid mass. The same result would be ob- 
ee ee le increase of tem ture ; the dif- 
ference lies in this, that the liquid produced from the de- 
i in the three cases stated 

has three distinct temperatures. A i is reasoning 
to steel, it is easy to see that, in the case cited, the tempe- 
rature of the ingot should have been raised in before 
forging, so as to impart to it an amorphous ; it 
should then have been quickly and unceasingly forged all 
over its extent whi tem: was lowering some- 
tion de oe oe 

crystallise mig’ ve 
ee ry! to the shaking of 

, 80 that crystals formed 


words, hammered with the 
i than 





changing the 
one ; the 
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On cutting off of the end of a shaft 25 in. diameter, the 
shake ab was met with in the position indicated on the 
sketch. The dotted lines show the form of the forging be- 


Fig. 4. 


i) 





fore the neck was turned. The walls of the cavity were 
lined with large well-developed crystals, the size of some of 
which—as you may see by the specimen before you—reached 


hho Fig. 6. 





a 000n7 é 


Crystals taken from sides of a cavity formed by contraction in steel 
ingot— magnified 550 times. 





ture from that fo: 


ing the surface of the cavity, and similar 
to that of the mass of the i 


t in the same neighbourhood. 
The surface of the walls the cavity had a clear unoxi- 
dised metallic appearance, with a sil lustre, as you see 
by the specimen. The ingot out of which this shaft was 
forged was overheated in the manner I have described, and 
taken out of the furnace when the crystals had already be- 
gun to form. At the first blows of the hammer on its end 
the part c which received the full force of the blow was 
separated from the mass on account of the want of cohesion 
caused by the crystallisation, and formed the internal in- 
clined plane ab; and as the forging yrocound, the outer 
layers, being more acted on by the blows, were more ex- 
tended, and the cavity considerably increased. The fact 
that, on striking the end of an ingot the force of the blow 
is taken up by the wedge-sha; piece c, may be easily 
demonstrated to the eye, because in those ps oe where 


Y Yj 
swelling, compression, or tension follows the blows of a 
hammer, a dark shade is soon produced by the partial de- 









Groups of crystals taken from the sides of a cavity formed by contraction in a cast steel ingot—magnified 550 times. 





steel ingot—magnified 165 times. 


4 in., and between the large crystals were interposed smaller 
ones about 7s in. diameter ; the crystals projected only half 
their height into the bare; pan on breaking the sample at 
surface, the prolongation of 

not be traced ; the 


les to the crystal. 
into the mass of steel co: 


right 
the cry: 
, though crystalline, was of a totally different na- 


Crystals in surface of a contraction cavity in the heart of a 72 Ib. cast 


arrived at by an analytical investigation of the effect of a 
blow on c. 


The appearance of the crystallised surface of the speci- | 8 


men is, as you see, completely analegee that of every 
other specimen of overheated steel ; difference lies only 





Insolable substances left after dissolving steel in nitric 
acid—magnified 155 timer. 


tachment of thin plates of scale. The same result will be , be the fullest contact between the unoxidised metallic 


heated sta’ 
It is worthy of remark, that if a piece of steel be so 
greatly overheated as to assume a strong’ i 
» and become liable to destruction at least 
shock, and is allowed to cool q' , then the separate 
mpi ec Ayre ty whens einek on together 
while in a \ 80 joined or 
that a fonchine, of tna ocd. plese taken Dinan nok alone 
surfaces of the separate crystals, but indifferently 


through their mass, though the junetions of the fractures 
in crys general] e place along 
planes of adhesion, owing to which such fracture is al 


ver. Lay ry | 

Tous this it is evident that the close contact of two sur- 
faces of metals of the same nature heated to a hig’ 
temperature than 6 is sufficient to produce union. This is, 
in fact, welding ; and if, in anne paoaeane is always 
necessary, it is only use, in it i 
difficult without hammering to press two pieces one 
against the other ; and, seco: , that it is otherwise 
difficulty to free the surfaces to be weldedfrom the slag 
which alone protects them from oxidation during the 
heat. Of course the more homogeneous or 
the structure of the two pieces, the more perfect will be 
union ; but one of the first conditions is that there should 


Fe 





Appeomaes of a transparent substance that crystallises in six 
ded plates on the a of cavities formed by contraction in 


steel ingots— 


a 
Two grains from the fracture of an ingot of cast steel 
in forged diameter 0.027 in.— magnified 150 times, 


‘aces. 
Up to the present we have been discussing the forging of 

only at temperatures higher than the point b, we 
have stated that the aim of {the forge-master must be to 
change the form of his ingot in such manner as to keep all 
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WASHERS OR SCRUBBERS.* Anatyszs or Sampnzs or Gas Liquor. 
By Mr. C. Hunt, Birmingham 
fi pas oo fest of ~ t Ses both at the Total Foul Gas 
. a : : 
mestings of Thi Assocation and elsewhere, : ,it is} Description. Carbonic Acid per havetiod. Total Fon! Gas | per Gallon per ‘3 
too much to say, in a eeling ‘erence | Scrubber or Washer. . . Ounce REMARKS. 
for former. Whether, east, this is on. » Strength. 
a paiith lites tenah-omiaiiecean E 
wi ‘an uséd con: seems % A : : ; - : ; 
be still 2 far an ations that proba a few u ‘dutivered oz. | grains. | cub. in.| grains. jcub. in. | grains. | cub. in. | grains. , cub. in 
contin the holly un- uor ive 
cuiiibnadhe * may not prove w : 3 - from Windsor. + 10,5| 1688.0 | 9468.0 | 498.2 | 1148.5 | 2076.2 |40085 | 197.7 | 498.9 
term erally understood that o! orks 
amu in rapes iigneraly and > Washer bis ..-/28.5 | 4168.78 | 8820.94 | 639.38 = 01 | 4808.16 |10485.95| 204.6 | 446.1 Water passed 
tained by fo: the former through a ates of seals of Ditto 16.4 | 3101.88 | 6563.43 | 333.35 | 868.09 | $435.23 | 7481.52 | 209.4 | 453.1 once Dito 
indeterminate depth, the same process of was! Mann’s scrubber .../10.0| 1806.0 | 3821.0 | 490.0 | 1278.7 | 2296.0 | 5099.7 | 229.6 | 509.9 
Se ee ee cape grea of wetted | Sixfoot ,, _...| 8.5 | 1762.8 | 8728.96 | 287.79 | 749.45 | 2050.00 | 4478.41] 241.1 | 526.8 on ta over, 
probably useful, chiefly as serving to i te the kindof} Young’s ,, ...| 43} 848.01] 1794.85 | 250.72 | 652.91 | 1098.73 | 2447.26| 255.5 | 569. 
method employed, since it can hardly be aid_to to have any 


cance, except where such a vessel is used solely for 
the retention of tarry matter. 

It has been claimed for the washer that it is cheaper in 
its first cost and cost of working, occupies less space, and is 
more efficient _ removing other impurities, together with 
ammonia. e advantage which it possesses over an ordi- 

coke scrubber, in its freedom from all liability to 
choke up, is beyond dispute. 

At the outset it is to be observed that nothing is much 
more easy than to take out the bulk of the ammonia om 
foul gas, provided the latter be sufficiently 
illustration of which I may refer to one or jo- of the reer 
in use at the present time. One of the best with which Tam 
oe nage de is that introduced some years ago by Mr. Hugh 

, when engineer to the late Birmingham and Stafford- 
Company, which is doubtless well known to many 
mm here en It consists simply of a rectangular 
vessel, me 24 ft. in height by 8 ft. by 16 ~ water being 
over and ‘over until the requi is ob- 
pes and distributed in a series of a jets, striking 
with considerable force w mn a dash-plate placed under- 
neath each jet, the effect being to fill the vessel with fine 
spray. ly the interior was left entirely open, but 
recently it has om found that by partially filling them 
with thin boards, their efficiency is considerably i in 
At one of the works under my ¢ , where the maximum 
eg is about 2,000,000 cubic feet per diem, two of 
hese oon are found to remove all the ammonia to 
within about 7 cent. of the total quantity, that is to say, 
taking the total as=100, the proportion removed 


Per Cent. 
By condensation 46.6 
By scrubbers .. 46.6 
Leaving to be removed 6.8 


100.0 
the resultant liquor having a strength varying from four 
to seven ounces. 

At the Windsor - street Works, purification from 
ammonia is completely effected by means of two scrubbers. 
The first being 20 ft. in diameter by 40 ft. high, and, 
when erected, fitted with four shelves on ing inwards 
and outwards alternately, as shown on the diagram, 
so as to break the passage of the A liquor and 
ascending gas. At the present time the two top shelves 
are removed, and the space filled with thin boards, but 
the results of which Iam about to speak were obtained 
before this alteration was made. Through this vessel the 
whole of the water, up to nearly 4,000,000 cubic feet per 
diem, is passed on to the second or finishing scrubber, 
which is also 20 ft. in : in but 60 ft. high, and of the 
kind known as Mann’s. The liquor from this, mixed with 
that from the hydraulic and condenser, is pumped 
over the first scrubber at the rate of from 7000 to Pi 000 
Eior' per hour. The quantity and strength of the 

uor made in the second scrubber known, asalso the 

— of that from the hydraulic mains and gg era 
le, from the return of liquor made for sale, to 
the results at each successive step, and they are as pa a a 


Per Cent. 
Ammonia removed by condensation .. 42.7 
” Pe 1st scrubber 43.3 
99 ” ” ove 14.0 
Total .. 100.0 


I am of course assuming the entire absence of ammonia in 
the Seg s vt ope and ee 7 ractically the case. 
the eee in this instance— 
wan path rh y Rf... for the larger quantity of 
ammonia remaining to be removed by the second scrubber. 
Here, then, are "re examples of simple and compara- 
tively inexpensive plant, effective for the removal of the 
bulk of the ammonia, and occupying very little space. In 
both cases there is of course the cost of pumping to be taken 
into account, but I may mention as a s set off the fact 
that neither vessels throw the slightest back pressure, 
while the whole of the tar remaining in the gas after con- 
a oo is effectually removed. 
far asl am aware, washers have not hitherto been 
employe to any extent for the final process of removing the 
traces of ammonia, although there seems to + 
I an 


° saecting a new form of washer ed 
afr Seville of of ow Bridge, gr to by the President 


ba Mo posting olden om ar god for this 
ere, however an ay of ammonia 
remains to, be nee. © A, . or pr of steps lead- 

up ean water, which is necessary for the lete 
pon of this somewhat delicate process, pe fae be ob- 


* Paper read before the British Asseciation of Gas 
Managers. 


reason ter ork should not, and a few weeks 














tained in a washer by adding to bo number of seals ag sa 


which the gas has to , thus increasing 

pressure to ad which a fairly be considered ob- 

jectionable. On the other hand, t scrubber as a finish- 
Ing vessel, can 


hardly betoo highly ta et for although 
the extreme height ado in some instances attracted 
a certain amount of adverse criticism, it is impossible not 
to admit that a very high degree of efficiency has been 
thereby attained. By their use, practically s , abso- 
lute freedom from ammonia ma; ins' , while the re- 
sultant liquor can be varied at will, and according to 
circumstances, from 4or 5 ounces strength up to 30 or even 
40 ounces. I may say that the one I have, after three years of 
constant use, during which time the coke has not required 
renewal, works as freely as the day on which it was first 
started, ‘the back posuere, with the whole of the water 
ing through, rarely, if exceeding one inch. This 
is of course attributable ~ Sieieg — 
un revious to en he serul 
The e . ion of mr ng ses he ve py pen a mis 
rimary is by no means reg: as the o uty o 
gee or » ne mag rince the process is capable of being 
rend very effective for the removal of other ——, 
notably ON, ¢ and eee It i ont, perhaps, to be looked 
upon as a settled manufacture that no 
ammonia should iuove 1 t “4 we without bearing away 
with it its full burden of these , although it is probable 
that, under the most favourable conditions, not more than 
about one-fourth of the total impurities can be be removed by 
its means. Mr. Livesey dealt fully wi th this question in the 
course of his paper read last year at Leeds, and I have only 
to say that my own calculation ee eae conclusions. 

The next point for consideration then is, whether — 

washer or scrubber best performs this secondary, altho’ 
highly ct apeg duty. With respect to this part of t 

ject, it is to be regretted that our sources of Cicemaiion 
are somewhat limited. One consistent advocate of the 
washer, perny has furnished us with evidence of a very 
practical nature, whatever may be the opinion formed as to 
its conclusiveness. In his exhaustive _~ on gas = end 
tion, presented two years ago, Mr. rge Anderson 
stated the results of — examination of the hy ae t) 
at the various stages of his process, which consists in first 
washing the gas and finally passing it through a scrubber, 
the latter being supplied with clean water and the liquor 
s0 obtained Ye on to the washer, together with that 
from the hydraulic main. This is precisely the same plan 
as that adopted by myself, except as the apparatus 
employed my open vessel taking the place of Mr. Ander- 
son’s washer. 

Mr. Anderson found that whereas the liquor from the 
hydraulic main had a strength of only 24 ounces, and con- 
tained 160 cubic inches of foul gas per ounce, and that made 
by the scrubber was of 6 ounces i, con 179 
cubic inches per ounce, the whole of the ae poy: 
after passing through the washer, was bro 


uniform s hh of 14} ounces, and contain id cable 
inches ‘of fo r ounce; the increase Nttibotable 
to the washer being about 180 cubic inches per ounce. This 


no doubt speaks well for the washer, as compared with the 
scrubber employed in this particular instance, but it is 
evident that the latter can hardly have been a very fayour- 
able s en of its kind, since it seems to have shown 
itself but little superior in ‘its action upon the foul gases to 
the ana of condensation carried on in the hydraulic 


"Geel, however, as the result my ®. S it by no means 
“ee what is — of attainment by good was , and 
far short of the capabilities of the scrubber in the 

~~ direction, so far as I have been able to observe their 
action. For instance, the 
pet ceeme Pe Works has been Fm to — on = 
average cubic ‘oul gas 
and I am able from this, and from  knowledg a 
are the results of the final process of scrubbing. srrve at 
the fact that the open vessel alluded to as performing the 
office of a was » oo © the whole of the liquor pro- 
duced in the hydrecllo main and : oar contain 427 
cubic inches wy 
which I have faveuned, rt, produeed 
clean water passed once t 
cubic inches per ounce 

Taking the cage of the scrubbers strictly so, called, 

"3 removes rey A se Ba ny 
A scrubber 6 ft. in diameter fitted sloping shelves and 
partially filled with large pebbles, clean water being 
pumped over - over, ome "526, 8 cubic inches per ounce 
as the result of an examination of the liquor produced ; 
— bab fe wenirek out poco of all, removing no less t than 
1 ou! 





Tho halenes, tioeioue, € of such evidence as I have been 


ho thaseuats washing which the NH 


liquor delivered from the aaa 





aS ee. is greatly in favour of a large area of 
we 
Appended to this paper (see Table above) are the details 
6 Le Ee : orne be both measurement and weight of 
hatee cothecal tive re effect of scrubbing and wating 
upon the eemation of sulphide of ammonium, an 
sequent removal from the gas of sulphur present in other 
forms than sulphuretted hydrogen, it is perhaps sufficient to 
observe that the test for efficiency in other res must of 
necessity be the measure of efficiency in this, since the oe 


conditions are requisite in each case, intimate 

prolonged or repeated contact between gas and liquid. As 
preenee e Bs » however, ammoniacal liquor can 
scarcely to exercise any perceptible por Hs. in the 

bi of oe these sulphur compounds, which are usually 
driven forward by the superior affinity of CO, for the 
pon the question of comparative economy very little 
gece said. Undou the first Shject, to be 


is efficiency, and to obtain this at the lowest possible 
cost should be the next. At — the at degree of 
efficiency in to extraction of ammonia 
by those scrub which, filled either with cae or thin 
remove it to the last it trace by water once 
through. Their exclusive use, however, is to be de- 
not Powe upon “economical grounds, but chiefly 
ome & deprives manufacturer of the active as- 
sistance in the work of purification of a very portion 
of the ammonia produced. To make the most of such 
assistance it is obvious that the first ‘process which gas 
mele Go mentote undergo after condensation is that wt 
ae with med from the hydraulicmain. It 
ae clear t successfully 


+ such process can con- 
ducted by the aid of om gen simple means, irrespective of the 
washer, strictly so call that by means of a similar 

cy nearly the whole of the ammonia can be easily and 

¢ cheap’ ; Kr aang in combination with a very large propor- 
on 

The pera of the small residue of ammonia, which in 

the instances I have mentioned amount to no more Pn 


btained | 14 and 7 per cent. of the total quantity respectively, is 


no means the easiest portion of the work to be ‘orm: 
owing to the volatile nature of the substance with which we 
ave he dina. As goed oe oe out, the scrubber is a most 
efficient instrument for this final the fee werd of which 
depends upon the maintenance of a well distributed s 
of clean water over an area of br ny i 
large to avoid the erat of the water more than 
once through. + is known, however, of the 
“ieee seems to be reason for 


washer in various forms 
oe that it Ae be employed with t effect as a 


finishing or catch vessel, peck this is made a . 
its superior coomonny wil = render its preedn.: gri eomg 
tion for ert of time. In condials 
tion with pc wage ro gare? saat hegre cpa 
a substitute a the somewha’ rare there may fi now in use, 
Oe eee here may found for the 
washer a wide sphere of usefulness 





Prussian ag ae 
opened credits for the construction, to the 
amount of about 24,000,0001. OF te amount 5,000, 
is expected to be at Maes salad tg Agee ono loan. 
now, however, the times are not very propitious even for 
German loans. 


Government has 
» of railwa: 


: 


gr pepe ert 
e and Im ‘om 
with some nae por The oem 
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THE WEAR OF RAILS AS AFFECTED BY 
THEIR QUALITY.* 
(Concluded from page 569, vol. azi.) 

Tux remaining instance that I shall give is the wear of 
over 35,000 toms of puddled steel-headed rails, of the 
marked H in Fig. 1 (see p. 520 of last volume), 67 lb. per 
yard, made by the Trenton Iron Works for the Erie Rail- 
way. The manner of arriving at the endurance of the rails in 
this case differs somewhat from that in the other instances. 

The Eastern Division of this road and parts of the other 
divisions were for a number of years supplied almost ex- 
clusively with the puddled steel-headed rails, and it became 
a matter of interest to determine, if possible, the value of 
this kind of rail relatively to that of ordinary iron rails. 

For this in the fall of last , an inspector was 

entire line with ins' ions to take account 

i C) a pes steel mark which was 

track, with the year in which it was rolled. 

The number of rails so found was com with the total 

nambe: received in each , and the difference was taken 

as the quantity that had failed. This would obviously give 

the most unfavourable result for the rails, because any rails 

overlooked, out of track, or on which the brand could not 
be distinguished would be considered as having failed. 

The total number of rails i was 71,270, and the 
average life for the rails made in each of the following years 
was as follows : 





Year Mark. /|Life in years prior to 50 per cent. failing. 











The average traffic in the same period over the portions 
the road where these rails were laid, made up from the 
reports of the omeney with assistance of a detailed traffic 
statement, issued a portion of the time, giving with 
great the ic over the different divisions of the 
road and of what it consisted, was as follows: 





Million Tons moved at one mile per hour 
during period in which 50 per cent. 
wore out, 


Year Mark. 





463 
855 
820 
331 


367 


1868 
1869 
1870 


Average. 








The kind of iron employed and method of manufacture 
were varied somewhat in the different years, which ac- 
counts for the differences in the endurance ; usually, how- 
ever, a pile of bars laid horizontally and a wash-heated 
head-piece were used. The steel for those made in 1868 was 
made ly from car-wheel iron furnished by the company, 
and appears to have stood better than that made in the 
other years. From a similar inspection of the road made 
in 1872, the life of the iron rails laid in track was found to 
be 188 million tons. The puddled steel-headed rails, there- 
fore, have in this case shown just double the capacity for 
wear that the iron possess. 

In the paper of Mr. R. Price Williams, before referred 

0, and also in one of laterdate by Mr. C. P. Sand , there 
are a few data as to the life of certain rails on English 
roads. The instances are, however, so few, and the circum- 
stances, such as form of section, c of traffic, &c., so 
imperfectly given that I have not thought it worth while to 
introduce them here in detail. Mr. Willi instances rails 
of English doubled-headed pattern, 80 Ib. to 82 1b. per yard, 
bearing from 201 to 498 million tons. Mr. Sandberg gives 
the endurance of seventy 62 lb. experimental rails of diffe- 
rent makes laid under shunting traffic at Camden Town as 
135 million tons, while a lot made in the method adopted for 
the best of these experimental rails, wash-heated and pro- 
bably 80 Ib. pattern, bore in the main line of the Great 
Northern way 309 million tons. He concludes that 
220 millions may be taken as a fair average. 

When we consider the excellent character of English 
road beds and their mild winters, we cannot consider these 
results as indicating a very superior class of iron. 

Now the point, it seems to me, of all these results is 
simply this : Here are on every road iron rails wearing one- 
and-a-half to twice as long as others, yet the probability is 
there was but a very trifling difference in the cost of the 
two. Is it not, therefore, manifestly to the interest of our 
railway engineers to give this subject the attention that it 
deserves, so that the conditions that to produce a i 
rail may be clearly ascertained and the ccmpanies enabled 
to vel themselves thereof ? 


Again, on roads of medium traffic is it aot economy to 
lay steel-beaded rails, which are here shown to endure two 
and-a-half to three times the traffic of an ordi iron rail ? 

For roads of heavy traffic, of course, only solid steel rails 


are suitable. 

I have not undertaken to draw any elaborate conclusions 
from the facts here presented, nor to determine the pre- 
cise methods which would give the best rail. I do not con- 
sider the few data which I have been able to collect at all 


* Contributed to the Rail Committee of the American 
Society of Civil ineers, by Mr. F. J. Slade, in answer 
to its request for information. 





sufficient for this purpose. I intend the figures here given 
rather as an example of the method by which valuable 
information may be obtained, and I present them chiefly in 
mew af Lp be those having it in their power to 
regulate the the railways to see that this informa- 
tion is kept in such shape as to be of use. 

One or two points, however, are sufficiently well indi- 
— the facts here presented to warrant especial 
men : 

1. Thorough welding is the most important requisite in a 
good rail. It is well understood that steel rails owe their 
superior endurance, not to the greater hardness of the 
metal, but to the fact that the metal is free from welds, 
and, therefore, homogeneous throughout. The nearer, 
therefore, that an iron rail can be brought to this condition, 


Fi 


BRR Miliions of Tons 





possible that this point is closely related to the i 
since ular irons are known to weld with greater facili 
than fibrous irons. It does not follow that a weak, cold- 
short iron is preferable to a strong iron. The former is 
usually granular, it is true, but the iron, or 
puddled steel, obtained from good pig iron, is far superior. 
One point of first importance still remains to be noticed. 
Granted that a given rail has twice the capacity of another, 


what is its relative value in dollars and cents to the railroad 


ns Obviously not double that of the rer rail. 
The cost of a rail depends, of course, upon the original 
rice, including cost of laying, plus the interest on that sum 
uring the life jof the rail, less the value of the old rail 
when removed. The value of old rails being the same for 
rails of any quality, and the interest on the primary expen- 


3. 
over Test Rails. 








Millions of Tons 


RELATIVE VALUES. 





required to 
Wear Out the 
Rails at 18 Miles 

per Hour. 


Krinp or RAItLs. 


Weight Annually Passing over the Rails in Millions of Tons of 


2000 lb., at 18 Miles per Hour. 








Worn-out rails ... 


Iron 


Steel-headed 
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the lo: will be its life. For this p » wash-heati 

is the best means at our command, and ia the aaa 
of steel-headed rails, as well as of the best iron rails, is em- 
feat wll great advantage, and should be more generally 
ae A granular fracture for the iron forming the head of 
rails should be preferred to fibrous iron. It is quite 


diture being not only an important element but varying ma- 
terially according to the traffic of the road and uent 

p ion, it is evident that the money of 
rails of extra quality is less in proportion than the relative 
endurance of the rails, and varies according to the amount 


of fete Sapras one the road in question. 
My friend, Mr. A. F. Childs, has calculated for me a very 
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beaiforded fan and valuable Table showing the price that can 
porey os for —_ of different assumed es of endur- 


having different amounts of traffic per 


The nakeh au yed in calcula —— Table w be 
found in fall on @ opposite page yctine oh AR 
is as follows : 


the cost ts Tool of rail pigment to be 
represented by a sum w permanently invested a 
7 per cent. would be sufficient to keep the road supplied 
with rails, then the problem is to find what price can be 
ay nnbe of different capacities, so that this sum shall 
the same. Making but the single assumption 
(which vi will always be found very nearly correct) that the 
yale of” ld als Ty ig in the track is one-half that of a 
Pat pe of new also laid in track—that is, includ- 
e cost of layi d calling the value of such a quality 
otal hich she hould bear, as I have m gripe traffic of ten 
million tons at the average speed of 18 miles per hour, 
unity, he obtains the following Ry t. rails of other 
capacities on having the amounts of traffic per annum 
specified in the in Table, page 44. 

To use the Table, multiply the numbers in the column 
corresponding to the annual traffic of the road by the 
market value of a fair quality of iron rails (including in this 
market value all expenses of freight and actual laying in 
track), the products will be the actual values to the railroad 
ya of rails of the qualities specified in the Table, laid 
in 

The ratios given in the Table are represented graphically 
by Figs. 10 and 11. 

A single example will illustrate the use of the Table. 

Ona road having an average annual traffic of one million 
tons at 18 miles per hour ave speed, what is the rela- 
tive value of an iron rail capable of standing 10 million 
tons at this speed, a steel-headed rail capable of standing 
25 million tons at same speed, aud a soli a. rail capable 
of standing 50 millions tons at same s' 

Referring to the column of the Table selating to a yearly 
traffic of one million tons, or to the curve representing the 
same, we find that the relative values are as 1, 1.32, and 
1.473 ; and if the value of the iron rail laid in track is 
53 dols., then the company could afford to pay for the others 
suapestirely 70 dols. and 78.07 dols., less the cost of freight 


On a > aesiien of road having an annual traffic of eight 
million tons the respective values would be, or the company 
could afford to pay for the rails laid, 53 dols., 88.50 dols., 
138.90 dols. 

For the road first supposed a steel-headed rail woes 
probably be the most economical. For the second, 
would folly to = anything but steel. Only on : 
road of extremely light traffic would it be economy to 
lay an ordinary iron rail, such as most of our mills are 
producing. 

Very res ully, 
RED J. SLADE. 
Apprnprx, By A. F. CuIps. 

On the ne Value to a Railroad Company of 

ls of Different Quality. 

V =the sah a the railroad of new rails (in track) of 

quality such that they will last T years. 

O = the value of old rails (in track). 

W=the annual tonnage of the road 

R=the tonnage required to wear bn —- Ne tons 

out rails of the above ot 


Th 72 
en ¥ 


V—O will be the cost of re-rolling the rails (the new rails 
being supposed to be-purchasable at their value to the 
company, V). 

P=the total capital which being once invested would » 
sufficient to keep the road supplied with rails (sw 

posed to be purchasable for their value V an 
Polled for V—O). 
P—V yee be the balance left after purchasing the rails. 
ut out at interest at the rate r per annum, 
fis Ealone would at the end of T years amount to 


@-V).(1+9)" 
The interest at the end of T years would be 
(P-V)[(1 +1) * -1] 
As this interest must by the above upposition dcfong 


the cost of re-rolling, which becomes necessary at the e 
of T years, we have, 


(P-V) [(1+r)" —1]=V—0. 


(P—V) (1+1r)"=P—o = =(1+r)" 





(1, 





(2) p=V (1+")* —o 
K 


(1+r) ¥—1, 


A fair quality of iron rails will wear out under a total 


tonnage of 10,000,000 tons ; the average value of old rails 
may be assumed at one-half the value of endh aie inom rails 
(both in track). The average rate of interest on American 


Tailroad bonds is.7 per cent. paid semi-annually. 





Taking the value of such a quality of new iron rails as 
unity, we have to determine P. 


v=1 1.071225 
O= 4 pa £1: 071235) — 50 
R=-10 (1.071225) ¥ —1 
1+9r= 1.071225 W being known from the traffic of 
the road. 
Using the value of P thus obtained the equations, 
(1) v=p—P-0 
(1+7)¥ 
_ 500 
(3) v= p._- =. 
(1.071225) * 


will give the com tive values on the given road of dif- 
ferent qualities of rails by substituti sift 
Phas sy R=0, V=0.500 the value of old rails, as it should 


When R=oo, V=P=-the value to the railroad of rails, 
which would es" wear out, This agrees with the ori- 
ginal definition of 

The following Table i is thus obtained : 

The formula used above may also be obtained as follows : 

V=the value to a railroad company of a ton of rails that 
will last T years. This value is made up of two parts. 

1. The value to the railroad company of the use of one 
ton of rails for T years. 

2. The value of’. a ton of old rails ; this will accrue at the 
end of T _— 

Now p 

The Lal to the railroad company of the use of a ton of 
rails=the value of the use of P dollars for the same time. 

The value of a ton of old rails= 0. 

From the theory of co: pe interest, 

The value of the use of P dollars for T years=the interest 
of P dollars for T years payable in advance. 


=P4 l= 
by present value of O Pe ot. eee at the end of T 


years 
=0( ) 


(1+r being the amount of one dollar put out at interest, 

















at the end of one year). Hence, 
v=P(1——1 =) +0(— :) 
(1+r) (1+r) 
(1+1r) 
Put R=the to that will wear out the rail, 

W=the annual tonnage of the 
7—B 
Ww 

a) v=p—=2-0 





BR 
(1+r)" 

The following is an example of the use of the Table : 

On a rai where an average weight of 1 million tons 
annually passes over the rails, it is required to determine 
the respective economy - the following kinds pd oe rails : 

An iron rail, costing 0 dols., laid in 
stand 10 million tons wear ; mn in Priel call ceed rail, eas 
80 dols., estimated to stand 20 million tons’ ye ng 
—_ costing 100 dols., estimated to stand 30 
1 The value of the iron rail being taken as the unit in the 

able: 

dols. dols, dols. 

The iron rail is worth 70x1 

The steel-headed rail, do. 

= steel rail, do. = 

compared with iron rails, there would, therefore, 

be Me ein ne 7 57 dole per ton in using steel-headed rails, 
and a loss of 3.54 dols. per ton in using steel rails, so that 
on this road the steel-headed rails would be the cheapest 
at the prices named. 

On a railroad like the Erie, where an estimated oan 


of 4 million tons passes ri the rails 
dols. a dols. 
The iron rail is worth 70x1 = 70 costing 70 
The po por ig rail, do. 70x1.421= 99.47 80 
e 8 , do. 70X1.775=124.25 ,, 100 


There would here be a saving of 19.47 dols. per ton in 
using steel-headed rails, and a saving of 24.25 dols. in using 
steel rails in place of iron. The steel rails would, there- 
fore, be the cheapest at the prices named. 





FOREIGN AND COLONIAL NOTES. 

American Telegraphy.—The Western Union Telegraph 
Company is trying the experiment by laying underground 
wires in New York. The compan 
matic tubes to raat offices 
these will be of brass, w 
through an iron tube. 
fectly smooth inside. 


Bog Sy, in rs porling! ges ge the course of last 
pany stecl-railed 102} miles of line. Te total extont of 

e upon the company’s system which has been steel-railed 
had been carried at the close of 1875 to 389 miles. 


have pneu- 
in that ci » and 
h wires be led 
The pases tubes will be per- | Massachusetts, 


American Sewing Machines.—There are about 50 
-machine shops in the bao States, employing over 
in wages upwards of 5,000,000 
rk is the principal seat of the 


a ha Beate bP Nee Yo 








erent values of R. | consid: 


trade, employing about 3200 hands. Connecticut comes 
next with over 2400. Massachusetts ranks third in im 
1 employing about 1100. Pennsylvania employs 


Mr. F. H. Trevithick.—The Madras Railway 
recently lost the services Ns Mr. Barton a, Wright, its | 


motive superintendent. 
been filled are oy Ss the intent our F. H. ft Trovithion, 
Mr. Trevithick Mokne and assumed the duties 
of his office Febraary 20 

The Sues Canal.—In the ten June 20th this 
year the number of ships passing ~i e Suez Canal 
was thirty-two. The it revenue collected during the 
ten days was 24,2801. 

Great Western Railway of New South Wales.—On 
—_ 4 the extension of the Great Western Rail 


Com 


way, from 

elso to Bathurst, was opened for traffic. Alt - the 
extension is less than two miles in extent, and has a 
erable time in progress, it was felt, nevertheless, that 


the o of the railway into a city like Bathurst was an 
occasion of more than yan Tae ] importance. 


Coal in Ewrope.—A mineral congress has lately been con- 
cluded at Douai. The president of the congress was M. 
Gruner, who reviewed the future sible coal extraction 
of Europe. The maximum production of Great 
Britain was estimated by M. Gruner ah 250,000,000 tons 
om annum ; that of Finest at 30,000,000 tons per annum, 


Wwanian Steel Making.—During March there 
i e at the Pennsylvania Steel Works at Baldwin, 
near Harrisburg, 5455 tons of steel ingots and 5200 tons of 
steel rails. This is said to be the largest production ever 
effected in any single month by any single Ray re steel 
works. Ata recent date the Lage Hye 5 teel Works 
were running with all their force nig Aon pees and were 
giving employment to about 2000 men, 


Bridging the nea — bridge carrying the Bom- 
bay, and Central dian Railway over the Sabur- 
mattee at Ahmedabad, vie was carried away by an ex- 


traordinary flood in September, 1875, has been re-erected on 
an improved design, and was so far finished as to be re- 
re for traffic May 19th, 1876. The poe oe 
this bridge reflects credit upon the ar gy Me 
Fe bridge i is 1815 ft. in longi dal high from its from its 
oun ns. 


Port Adelaide—The Government dockyard at Port 
Adelaide, South Australia, is at present a scene of much 
a in consequence of the large amount of work which 

isin ag om at it. The yard has been much improved 
during the last few months, Sorceeged at the wharf frontage. 
The whole of the o has been so as to 
secure an increased depth ok he a An old slipway at the 
north end of the wharfage has been remodelled, and the 

limestone crust from the inner bar built into steps for con- 
venience in landing and embarking. 


American Machine Making.—There are upwards of 
i pocins shops in the United States man 
demat in the last census report as 
mecifen” which means that the work done is so verted end 
stan beiding, lnsanetive Setiling, estaredaiinam be 
engine locomotive 
Upwards of 30,000 men-and boys are employed in the 1700 
shops. Penns ‘lvania is the principal seat of the trade, em- 
ploying more than one-fifth of all the ‘‘ hands.”” New York 
comes next, employing more than one-sixth. Massa 
chusetts ranks third, and Ohio fourth. 


Fuel on the Bombay, Baroda, and Central India.—The 
cost of the fuel consumed on the Bombay, Baroda, and 
Central Railway during the second of 1875 was 
24,1201., as com: with 22, 6901. in the 
half of 1874. ron oe to the increased number 

train miles ran by the company in the second half of 1875, 
the sewulte obtained 4 in that period in the by no means un- 
—— me of _— consum ioalty tothe tu ae ‘during 

was due princi) ie ; 
te second bal of of — ier hy orton ak i obtain 
at an average reduction as compared 
with the second half of 1874. a 


Hawke's Bay (N.Z.) Railways.—A ve iva, rn 
made over an extension of the ge xigte, 
sone of twelve miles athe perma ros 

train ran 1 wh me an _permanen En Toate. 

have been well laid. 
for about 14 miles beyond oni Tedat. vc remmee 

Pig Iron in the United States.—The stock of unsold 
iron in the United States at eee ar 


at 760,908 tons. The quan of pig iron made in othe 
United States in 1875 was 2, st tons, as compared with 
2,689,413 tons in 1874. 
ene wiaret® | Company.—The accounts presented 
annual f this this company just held at Boston 
m Ao that foe of Sn. was attended with 
a loss of es 770 dols See contemplates 
new lines from from Bristol, New 


oy ea Vermont from Providence, 
- 
Holyoke, N m, awn ae oP irenteld 
Massachusetts, to froy and Al and Albany. , \ 
Lens Colliery Company.—In 1875, the Lens Co! 
Company 715,097 tons of coal, ‘the ban of work 
men em Be ving been 3700. The 
plied with the newest and best machinery, inchtling Bows 
mellier’s compressed air engines. 


Rails in the United States.—The total qrontity 
produced in the United States last year ; 
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Tuurspar, Jury 13, 1876. 
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refer to the go experiments recently carried 
out by Messrs. John er and Co., of Gitar, to 
ascertain the ultimate —— < a@ marine boiler 
aud superheater which had six in service, 
Messrs. Elder have kindly e whole of the 
observations at our dis , and we are now able 
to place particulars of them before our readers, As 
will be seen from the subjoined account of the ex- 
periments the latter were carried out with a care and 
attention to detail which renders them of special 
value. Of the deductions to be drawn from them 


we shall speak hereafter. 


E iment made by Messrs. John Elder and Co. at Fair- 
ad Engine Works, Glasgow, to Test the Ultimate 
Strength of a Boiler and heater removed from the 
8.8. Ban-righ, of the Aberdeen and London Steam Navi- 
ation Company. 
The semoval of the original boilers from this ship 
in order to be replaced by new ones made by Messrs. 
John Elder and Co., seemed to them a favourable 
, ger | of testing what was the ultimate strength 
of an ordinary marine boiler, and the Aberdeen 
Steam Navigation Company entering fully into their 
views, the old boiler and superheater were placed at 
their disposal, and removed to Fairfield Engine 
Works, and there burst by hydraulic pressure in the 
presence of representatives of the Admiralty Com- 
mittee.on Boilers, Board of Trade, Lloyd’s Registry 
of Shipping, and most of the leading engineers in 
the neighbourhood. 


General Description of Boilers.—The ship contained 
two boilers from both ends, the products of 
combustion being led over them in a flue of sheet 
iron passing up through the flue of a superheater or 
steam drum forming the lower part of the funnel. 
The boilers were made in the year 1876, and were 
removed after being worked hard and continuously 
for six years. About three years ago both. boilers 
and superheater underwent extensive repairs. The 
se under and at the sides of the bridges, the 

ower screwed stays, the first row of longi- 
tudinal stays over the tubes, and the tubes being 
removed. The shell at bottom and on each 
side of the water line showing pitting was lined with 
iron plates bolted on inside. e flue of the super- 
heater was then entirely renewed. The dimensions 
of the boilers were as follows: 





Boiler : ft. in, 
Mean diameter of shell .., 11 44 
ength ... a on ot ee ae 
Diameter of furnaces... oe 2 10 

99 tubes outside 0 25 
Thickness of shell Se-. 0 0F 
pe tube-plates... ... ... 0 OF 
9. furnace tops and fireboxes 0 
99 furnace bottoms _... ° 0 
” tubes, No. 9, B.W.G. 
me stay tubes ... ys 0 0} 
Distance of stays between centres—in 
steam 5 4 in. by 11 in. to 12 in 
and at firebox sides 6in. by 7 in. 
Diameter of longitudinal stays in steam a4 
Diameter of other stays ... eee os Fy 
heater : 
ean diameter of shell .., me wo 8 a 
sii ‘ flue, internal ... 5 
lana h ati ae pea rs 8 0 
of shell plates ... 0 
99 a ise ove 0 
The boilers originally carried a certificate from 


the Board of Trade for a pressure of 60 lb., which 
after the repairs above mentioned was renewed, and 
a year ago, in 1875, the pressure was reduced to 
55 lb. Views of the boiler and superheater are 
shown by Figs. 1 to 9, on pages 48 and 49. 

General Arrangement of Experiment.—The experi- 
ment was conducted in the following manner. One 
boiler and the superheater were connected each to 
the pumps by a pipe lin. in diameter, which works 
the hydraulic cranes, whereby a good supply of 
water was at command up to 800 lb. per square inch, 
On each a pressure gauge, which had t been carefully 
tested previously, was fixed, and the experiment was 
conducted by raising the pressure in both boiler and 
superheater successively to 120, 180, and 210 Ib., at 
each of which pressures the boiler and superheater 
were carefully gauged, the boiler bursting at 230 Ib. 
and the superheater at 245 Ib. per square inch. 

Referring to the side and views of the boiler, 
Figs. 1 and 2, the diameters of the furnaces marked 
H, K, and L were gauged vertically and hori- 
zontally at a distance of 2 ft. 3 in. from each end 
at aa’ and dd’ with the results given in the annexed 
Table, No. 1.: 





TaBLzE No. I.—Showing Effect of Pressure on Boiler Furnaces. 
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H. K. L. 
Pressure in a a per Square 
Vertical. | Horizontal. | Vertical. | Horizontal.| Vertical. | Horizontal 
in. in. in. in. in. in. 
0 Ib. - front} 33.875 $4.25 84.0 34,125 $4.1 94.2 
0» ove back}; 34.0 $4.25 33.8 34.1 34.0 34.25 
120 ,, “ front} 33.865 34.26 33.965 $4.14 34.09 34.22 
120 ,, back} 34.0 34.265 33.8 34.1 34.02 84.22 
180 ,, ne front} 33.865 34.265 33.955 34.16 ° 34.07 84.225 
180 ,, eve back} 33.99 34.275 33.8 34.135 34.08 34.22 
210 ,, ie oo» =o we~—s front) © 33.865 34.265 33.93 84.17 34.045 34.225 
210 ,, ‘se s .. back} 33.98 34.285 83.79 84.145 34.08 84.215, 
Permanent set at 230 mn {ro 33.86 34.26 33.96 34.145 He 34.23 
after shell gave way back} 33.99 34.265 33.8 34.11 005 84.245 
TaBLE No, Il.—Showing Effect of Presswre on the Flue of the Superheater. 
Linz oF MEASUREMENT. 
Pressare in — per Square Top. Centre. Bottom 
atoat. | b tod. a to a. b to b’. a to a’ b to b/ 
in. in, “in, in. in. in. 
0 Ib. se ont ses 66.3 65.9 66.25 65.6 66.1 
120 ,, ose os ove 65.985 66.3 65.85 66.26 65.59 66.1 
180 ,, ‘ oon ons 65.965 66.305 65.85 66.26 65.565 66.11 
210 .,, Pe ge 65.94 66.315 65.84 66.265 65.565 66.11 
Permanent set a' r 
abd alpen }| 65.98 66,385 65.89 66.29 65.6 66.14 
In a similar manner the diameter of the flue of Side of Firebow at e', Fig. 6. 
the superheater (Fig. 8) was gauged at the top, 
centre, and bottom on lines a a’, 6 6' with the results | Pre sure in Pounds per Deflection Deflection 
given in the annexed Table, No. IT: Square Inch. at UU'. at U'V. 
In order to test if any longitudinal deflection of Ps Ps 
the furnaces took place, a straight-edge was placed 120 y ‘Ol 
from front to back on the bottom of the furnaces H 180 005 ‘Ol 
and L, Figs. 1 and 2, and the rise or fall of the 210 ‘01 O15 
bottom at the centre was as given in Table | Permanent set at-230 Ib. 0 0 
No. IIL: after shell gave way s : 
TaBLE No, III. 
ae of o — hed the —— was also 
; Rise or Fall Rise or Fall meas at front an tween the points 
Pressure in Pounds of Bottom of Bottom and g g’, Fig. 1. oe 
per Square Inch. of Furnace H  Fornee 
See: at Centre e. at Centre e. eK Deflection 
in. in, Pressure in Pounds | between ff". between g 9’. 
0 0 , Bee per Square Inch, 
120 .02 fall 02 rise 
180 MB ss 035 ,, Front. | Back. | Front. | Back. 
210 8 » 035 5, 
Permanent set at in. in. in. in. 
230 Ib. after shell 01 ,; 015 ,, 0 0 0 0 0 
ern eo | | ae) | 
Action of Pressures on Flat Stayed Surfaces—The 210 ‘0625 | (03125 | (01 ‘035 
deficetion ot the flat or nearly flat Bawa between | Permanent set at 
the stays of the fireboxes were similarly noted ; the | 230 lb. after shell } 0625 | .02 01 08 
ints selected were, the flat firebox crown at d, gave away. 
ig. 1, supported by bridge stays, and the flat 
sides of the fireboxes ate ande’. The top of the} The deflection at and bottem of the super- 
firebox is shown in Fig. 4, and the sides of | heater between the points M and M’, Fig. 8, was as 
the fireboxes in Figs. 5 and6, The stays in the | follows: 
crown at @ were screwed through the plate, 
with a nut underneath ; those on the sides at | Pressure inPoundsper| Deflection at | Deflection at 
e e' were screwed through the plate and rivetted. Square Inch. Top. Bottom. 
In both cases the stays were in. in diameter. . in 
The deflection of the plates midway between the 0 ry 0 
stays was as follows: 120 ‘04 01 
. : 180 05 01 
Firebox Top at d, Fig. 4 = = *. 
Permanent set at 
Pressure in Pounds per Deflection Deflection 245 Ib. after shell .08 01 
Square Inch. at 8S’. at S/T. gave way 
0 0 0 r 
Progressive Increase of Leakage as Pressure Increased. 
180 ‘1S “005 — Boilers At 190 Ib. ioe was no leakage, at 180 Ib. 
210 03 02 a little water trickled at some of the longitudinal 
Permanent set at 230 lb. } ol 0 joints of the shell, and at some three-ply rivets at 
after shell gave way the junction of the tube-plates and furnace crowns, 
which had been rather severely acted on by the fire, 
Side of Firebow at e, Fig. 5. and had amg: A been at some former 
- time ; at 210 lb, the leakage in the shell increased, 
Pressure in Pounds per | Deflection Deflection while that in the furnaces seemed to remain nearly 
Square Inch. at QQ’. at Q’‘R. | constant. Up tothe time of bursting, the leakage in 
the shell was not serious, and the only leakage in 
on 2 2 > ee es eg ee above — vee, 
y : rest of the boiler, the furnaces, xes, tu 
+4 rr ry tube-plates, and ends, were perfectly tight, and no 
Permanent set at 230 Ib. 005 0 signs, either before or after the boiler burst, could be 
after shell gave way : detected in the appearance of the caulking or other- 


wise, that these parts had been subjected to pressure. 
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ae - im the . ., of Bight Strips of Iron Plate, work, that half which involves care and judgment. 
Tania Mo. IV.— Results of Baporiments fo Ascertain the Toncile Strength $5513 boon tn ae It merely hoists the pile to be set, and then raises the 
from -_ Boat —s handwork, The economical 
. vantage gained by a steam engine lies therefore in 
: _ | Original Ultimate Stress Extension. what is gained over employing enough men to raise 
Se > the piles and the ram without the engine. Twelve 
- ; Per Square Appearance of Fracture. strong men can operate a ram, and while the blows 
umber-|  Deseription. ps Total.| Inch of Per | per Cent. given are inferior in force, they can be from six to 
| | Ares. Original | Inch. ten times as many in number. This extra labour 
Area. would at four and one-half Swedish crowns per diem 
= a to ieee! Sao for each man, amount to 30s., but even this small 
2898 A124X ve | 248x.57 Vas 67,830 |47,970=21.4 | .52 5.2 Fibrous, 30 per cent. crystalline. |8um is not to be balanced equally against what 
2804 Bictp Aa 2.50.55 | 1.875 |66,810|48,589=21.6| .78 | 7.8 ny 9 ¥ would be gained by employing a steam engine. 
2908._| Steip B1 2.50%.58-| 1.895 |55,620|41,977=18.7 | .41 41 amen § |» érystalline | The labour of driving as practised in the case re- 
o . . ferred to was not so severe but that the men could 

2896 | Strip B2 2.51 x.56 | 1.406 |63,110/44,886=20.0 | .57 5.7 brous, 25 per cent. crystalline. | + poayntr Se oh 
2897 | Strip © 1 2}x i+ | 250%i45 | 1.125 48,410 /43,081=19.2| 88 | 8.8 | Fibrous. at once go on to set a new pile when one had been 
3008 Sun O38 251x839 | 979-144,690 |45,648—20.4| .74 7.4 “ driven, and it need hardly be explained how much was 
2899 .| Strip:D 12} x4 x 1.250 |57,265 |45,812=20.5 | .72 7.2 = gained in raising and setting piles, moving derricks, 
2900 "| Strip D 2 2.52.47 | 1.184 |54,555 |46,077=20.6 | .57 5.7 ” and platforms, with other adjusting work, by hav- 

; Pq ing twelve men instead of six to ‘orm it. 

Noxe.—Btrips A 1, A 2, B1, and B2.were cut from fractured plates of boiler, Fig. 1, and the strips C1, C2, D1, and Besides, asin the case alluded to, there is often 
D 2 were out from superheater, Fig. 7. g ; much to be gained by a speedy performance of the 
The pieces being deeply pitted the fractured sizes could not be correctly ascertained. (Signed) Davrp Krgkaupr. | work. In Sweden the summers are short, and such 





THE ECONOMIC AND MECHANICAL 
EFFECT OF MACHINES.—No. IIL* 
By J. Richarps. 

Tue REAL AND APPARENT VALUE OF MACHINE 
EFrEct. 

TueEre is often so great a difference between the 
apparent and real advantages resulting from the 
employment of machines, that this alone, if other 
reasons were wanting, is enough to prove the value 
of critical observation, and the necessity of dividin 
results into the two classes of mechanical an 
economical. An example will serve to show how 
erroneous say em may sometimes be formed from 
noting only apparent value of machine effect. 

Among the various kinds of work, once performed 
by hand and now bm | generally done by motive 
power, is the driving Piles, and there are but few 
who at first thought, and without investigation will 
not conclude, that pile driving is one of those cases 
wherein motive power has with the greatest advan- 
tage aupplanted handwork. The act of lifting up a 
weight to be let fall upon the end of a pile certainly 
is among those low duties which may be called 
drudgery when ——: by hand.. Theram guides 
itself, even the length of its movement is not deter- 
mined by those who raise it. The work is wholly 
without skill, and can be equally well performed by 
horses or men. In such work we see the direct 
application of power, no complicated machinery in- 
tervenes to break the connexion between the motor 
and the work, consequently when steam power is em- 
ployed, the mind of an observer at once is carried into 
an estimate of how many men would be required for 
the same duty. The ram falls with tremendous 
force, and this force being expended in a very short 
distance, gives an exagyers impression of what 
is really done; in fact, the operation seems to involve 
a vast power far beyond the scope of human effort. 

This is the common impression of pile driving 
even among those who have more than a superficial 
knowledge of such operations, an impression which 
is much heightened by witnessing one of the American 
gunpowder pile-drivers, where a report equal to that 
of a six- der accompanies each blow. 

Now fact is, notwithstandin 
gain, pile driving is not one of those operations 
wherein the yee of steam power and ma- 
chinery has so far exceeded band performance. It 
is even questionable when we come to scrutinise the 
various conditions attending on this kind of work, 
whether pile driving cannot in many cases be per- 
formed quite as cheaply by hand as it can by steam 


this apparent 


wer, 

During the summer of 1874 the writer visited some 
works being erected along the Gotha river in Sweden, 
among others a bridge which was being built at 
Gothenberg, to connect the city wi'h the ‘Hissin ingen 
side.” This a plain iron structure, was sup- 
ported on piles, as all works are about Gothenberg. 
At the time of the visit the pile driving operations 
were going on with + speed, and were performed 
poe by hand. Thi ‘capeciall of a of cigs 
created some surprise, as Sweden has an 
advanced place in the application of motive power 
to “supplant labour, It was found upon inquiry, 
however, that steam pile driving had been tried and 
was abandoned as too expensive and too much 


* The present and articles are intended 
ix to those on “‘ Shop ion,”’ published in 
ee ee 1873 and 1874, and the former 
icles are for apprentice 
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especially engineers. 





trouble; that the hand driving contractors had, in 
fact, through legitimate competition, driven out 
steam power, ‘ink that no one had for several years 
employed it. 

‘© one accustomed to think of hand pile driving 
as of something like a connexion with road wagons 
between London and Edinburgh, this statement of 
course awakened some interest, and the investiga- 
tions, or deductions rather, which resulted, will be set 
down here in illustration of the subject being treated. 
The first thought was naturally of the relative 
value of machinery, fuel, and labour, but these were 
found to bear much the same relation as in England; 
labour being worth about four and one-half ‘‘ kroner” 
(Swedish crown te day, and coals as cheap as 
in London. The alluvial deposit which constitutes the 
only land about the mouth of the “‘Géta Elf” is, it is 
true, soft, and offers a minimum of resistance to driv- 
ing ; but the circumstances are not much different 
from those which generally exist about the delta of 
rivers where much piling is necessary. The query 
therefore became, ‘‘ What are the economical con- 
ditions of pile driving as a mechanical operation that 
men should compete with a steam engine ?” 

The mode of operating, it should be explained, 
corresponds to what is technically called ‘‘ whipping,” 
formerly practised in unloading coals from vessels 
and sometimes yet to be seen at the London docks. 
A number of men acting in concert each having a 
rope attached to the main one, ‘‘ whip up” the drop 
much as they would toss a weight into the air. 
The ram being tolerably heavy, and falling but 
a short distance, meets the pile at a low velocity, 
and consequently without that waste of power which 
is so common in pile driving. The operation was, in 
fact, something like that of the gunpowder method 
by which the pile is ‘‘ pushed” instead of being 
“knocked” into the earth. 

Let it be assumed that 1000 piles are to be driven 
withan average penetration, and under circumstances 
the same as at Gothenberg, that is, a part of them 
on land and a part in the water, and that this num- 
ber is considerable enough to warrant the adoption 
of the most economical means of driving. The 
operation will comprise various details, such as pro- 
viding and erecting what may be called plant, in- 
cluding barges, platforms, derricks, ropes, and so 
on. These things have to be assembled, transported 
to the ground, and set up. 

When the work is begun, at least one-half is de- 
voted to what may be called adjustment, that is, 
moving derricks driving each pile, bringing 
the piles into position, and setting them, sawing off, 
measuring positions, and soon. The proportion of 
time occupied by this work of adjustment will of 
course depend on how rapidly driving is done, but 
in any case will constitute about one-half. To 
employ a steam engine to raise the ram, at least 
four men will be required with each derrick, or to 
add the expense of fuel, oil, wear and risk of ma- 
chinery, with something for special skill required in 
the care management of the engine, and then 
call the sum labour, it will equal six men for each 
derrick. Every movement from raising a pile until 
it is driven involves a concert of action between the 
men and the machinery. tg | stop and start calls 
for signals, waiting to see if all is ready, and, 
worse than all, it leaves the men for a considerable 
portion of the time unoccupied, farther than to watch 
the rise and descent of the ram. 

The steam engine has nothing to do with what 





was called adjustment constituting one-half the 





undertakings if completed in one season, must be 
carried on rapidly, To multiply the work in hand 
driving is an easy matter. A new derrick with men 
to work it is soon added, butifa steam engine with 
its details was included, the case would be different, 

A superficial examination in an isolated case, and 
one where many minor points might not be under- 
stood by a stranger, does not, of course, furnish data 
for a general rule, but one thing is certain, that 
hand pile driving at ge sey less expensive 
than steam driving, and where the same conditions 
exist the same rule will hold good. The fact is that 
the part performed by a steam enginein pile driving 
instead of constituting the main part, as it seems to 
be, and is generally believed to be, is really a 
secondary one, and without looking into the matter 
from both a mechanical and economical point of 
view, it would be very easy to form false estimates. 

It is not hard to imagine circumstances under 
which a person who had a contract of piling to per- 
form would send out steam engines for the work, 
to a place where a ton of coal would cost more than 
its mechanical a conareians in hand labour. It is not 
likely that a skilled engineer, or an experienced con- 
tractor would do this, yet things not less mistaken 
have been done and will no doubt continue to be, 
The profit with which motive power can be em- 
ployed in supplanting hand labour seems in such 
cases as that just cited to depend more upon what 
was called adjustment, than any other condition. 
If the power can be applied continually in one place 
and under uniform circumstances as to time and 
amount, the economic gain is such as to leave hand 
labour out of the question. Pile driving is generally 
the reverse of all this, the work is continually being 
shifted, and the application of power is very irregular 
both as to intervals and degree. 

An example of the opposite kind is in raising the 
material for building when it is all received and 
raised at one point, so that the plant can remain 
fixed during the whole'time. In such cases the real 
often exceeds the apparent gain, and so well have 
builders and contractors come to understand what 
may be called the economics of steam handling, that 
one would look for a long time, in England at least, 
for a mistaken use of machinery. In America, 
where fuel is cheaper and labour more expensive 
than here, one may often see cases where steam 

wer could supplant hand labour and effect a sav- 
ing. A single one may be mentioned. At the 
docks in Philadelphia, there was two years ago no 
handling machinery operated by power, in fact, but 
little of any kind, and the principal problem in 
shipping heavy machinery was not in transportin 
it to the docks so much as in getting it off 
trucks and into vessels. This was no doubt, as in 
New York, partly owing to a contemplated change 
and improvement of the docks and piers, but never- 
theless is open to an inference that the economic 
conditions had not been inquired into. 

The apparent value of machine effect is much 
stronger in the case of concentrating or multiplying 
power than when machines are fiirected to the 
attainment of true movement or rapid movement. 
To see the work of fifty men performed by machinery 
for raising or moving loads makes a very different 
impression from witnessing a cotton gin doing 
what may be considered an equal amount of work. 
This is for two reasons ; one is a dynamic result and 
admits of ready comparison with hand labour ; the 
mental measure applied is to physical force alone: 
In the other case, that of a cotton gin, 











ee ee 











Juty 21, 1876.] 


ENGINEERING. 


iat 





parison is made with human dexterity or rapidi 
of movement, a matter much more difficult to parm 
stand than simple force. 

A workman could, with a hand card constructed 
like the saws of a gin, pull the fibre from the seed 
much in the same manner that the operation is per. 
formed by a gin cylinder, but his hands could not 
move a fiftieth part so fast, nor in so exact a 
manner, although he might at the same time be able 
to exert an amount of power equal to that required 
to drive a gin. Whencotton was cleaned by hand, 
or at the time when power gins first came into use, 
the economic value of their performance was no 
doubt apparent, and as readily understood as the 
advantage of a steam engine in lifting leads now 
is, but, as remarked in a former place, hand ginning 
has passed away and a new standard has to be 
employed to measure effect. 

Such problems as the difference between the real 
and apparent effect produced by machine processes 
may seem simple and scarce worth attention when 
there are so many things admitting of exact instead 
of what must in some respects seem to be specu- 
lative treatment, but such problems have a much 
more extended influence in the conduct of the affairs 
of a manufacturing country than is generally 
supposed. If we were aware of the industries and 
enterprises which have their origin in schemes 
wholly unqualified by exact knowledge or even by 
careful observation, it would, no doubt, be a matter 
of surprise to most of us. The element of chance 
must ever form a considerable one among the in- 
centives which call out enterprise, but there is 
enough of this left in manufacturing by reason of 
mechanical improvements without including an 
uncertainty of such economical results as are de- 
ducible by the exercise of ordinary reasoning power. 

The development of manufactures has no doubt 
been mainly experimental, but not wholly so, and 
every year is adding rapidly to the confidence felt 
in such economical principles as are known to apply 
to labour, capital, and machine processes. The engi- 
neering profession cannot be wholly confined to the 
scientific and mechanical details of structures, ma- 
chines, and processes, it must also include the 
economical part; not as opinions and conjecture, 
but founded as far as possible upon exact data in 
the same manner that various mechanical problems 
have been so successfully treated. 


THE BIRMINGHAM SHOW. 

Tue Royal Agricultural Society of England hold 
their annual show this year at Birmingham, and in 
Aston Park they have secured an admirable site for 
their purpose. The portion of the yard devoted to 
implements was opened to the public on Monday 
last, but the Show as a whole cannot be said to have 
commenced until Wednesday, when the collection 
of horses and cattle, as well as of implements, 
became open for exhibition. That as far as the 
number of exhibits is concerned, the Show will com- 

are well with those which have preceded it, the 
ollowing short tabular statement will show :— 
Place of No. of No. of 





Year. Meeting. Stands. Exhibits. 
1868 _ Leicester ... - 887 6369 
1869 << Manchester ee 895 7724 
1870 <i Oxford ... - 406 7851 
1871 she Wolverhampton... 363 7650 
1872 we Cardiff ... .. 808 5843 
1873 oe Hull oe «. 9829 5634 
1874 oe Bedford ... «. 861 5931 
1875 Taunton . 284 4214 


1876 a. Birmingham... 420 6414 

A special feature of interest connected with the 
Royal Agricultural Society’s Show consists in the 
various trials of implements carried out under the 
auspices of the Society, and usually these trials have 
been during the week or fortnight preceding the 
Show itself. The present occasion, however, forms 
an exception to the rule, as it has been wisely decided 
that the reapers which this year come up for com- 
petition shall not be tested until the re: harvest 
season, when they will be tried on the Earl of 
Warwick's sewage farm at Heathcot, near Leaming- 
ton. The precise date of the trials has not yet been 
announced, but we shall give a due account of 
them when they are carried out. For the present 
we have to confine ourselves only to a notice of 
such exhibits in the implement yard as appear to us 
specially worthy of mention. 
Stream PLovcHine ENGines anp Traction Enarves. 

In this section of the exhibits there is but little 
requiring detailed notice. The collection of engines 
shown by the different makers is as fine or probably 
finer than at any previous show ; but the novelties 





are few and far between, Thus at the stand of 
Messrs. John Fowler and Co., of Leeds, there is 
we believe the largest collection of engines the firm 
have yet exhibited, and all these engines are of ex- 
cellent workmanship, but they-are all .of standard 
types which Messrs. Fowler have for some time 
adopted, and thus no deserption of them is required. 
We may mention, however, that by the side of one 
of the engines, Messrs. Fowler show a handy little 
— they have contrived for carrying the 
rope drums of ploughing engines, this being a kind 
of low trolly which can be run under the engine to 
receive the drum, and which is fitted with a lifting 
contrivance for raising the drum again into position 
when it has to be replaced, The carriage is adapted 
for conveying the drums of 6-horse and 8-horse 
ploughing engines when these engines are required 
or traction purposes or for general use on a farm. 

At the stand of Messrs. Aveling and Porter, of 
Rochester, there is also a fine collection of traction 
and ploughing engines, one of the latter being exhi- 
bited without any lagging so as to show the quality 
of the boiler work, which is excellent. At Messrs, 
Aveling and Porter’s stand, too, is one of the leading 
novelties of the Show, namely, the combined reaping 
machine and traction engine, which we illustrated 
and described on page 32 of our last number. As 
we then remarked, this appears to bea very promising 
arrangement, and we hope in due course to have to 
report upon its performance in the trial ground. 

Messrs. Clayton and Shuttleworth this year show 
two traction engines, both of the same general con- 
struction that this firm has for some time adopted, 
but each having some novel points of detail. Thus 
one of the engines—an 8-horse—has an iron fore 
carriage of exceedingly neat design, well worth 
notice; while the other has the drawbolt at the hind 
end fixed to a cross bar, the ends of which fit into 
holes in strong plates rivetted to the side of the tank, 
the effect being that the drawbolt can adjust itself 
to different angles of draught. 

Messrs. J. and F. Howard make a large show 
with their steam ploughing engines and their 
‘¢ farmer’s engines,” a type which it will be remem- 
bered that they brought out last year at Taunton, 
and which we illustrated and described at the time 
(vide vol. xx., page 48.) It will be remembered 
that in these engines, as also in Messrs. Howard’s 
large ploughing engines, the principle is adopted of 
fixing the engine proper on a frame at the rear of 
the boiler, this frame also carrying the winding 
drums and their gear. The object. in view is that 
the boiler shall be completely distinct from the 
engine, and shall be relieved of the strains due to 
the working of the latter, and there can be no doubt 
that this object is a justifiable one, The point is, 
however, whether it can be secured without incurring 
other—and more than counteracting — disadvan- 
tages. This isa matter which would require more 
space to discuss than we can devote to it here ; but 
we propose to return to it on a future occasion, as 
upon it depends greatly the future improvement of 
the agricultural locomotive. In discussing this 
matter we shall have to refer to Messrs. Howard’s 
engines again, and we therefore, for the present, 
postpone any further notice of them. 

A traction engine, the construction of which bears 
upon the question just raised, is that of Messrs. 
Robey and Co. This engine is, in its general features, 
similar to that exhibited by this firm at the last 
Smithfield Show, and illustrated by us at the time 
(vide vol. xx., page 471), but modifications have 
been introduced in some of the details. Thus, in 
the engine exhibited at ee. a small wind- 
ing drum is provided under the boiler, this drum 
turning on a vertical axis, and being driven by a 
worm on a transverse shaft, which shaft derives its 
motion from the crankshaft through an inclined 
shaft and bevel _ Of course, in ordi work- 
“a gear is disengaged, the winding drum being 
only intended for use on special occasions, as for 
instance for hauling the engine itself out of a hole, 
&e, The chief feature of this engine is, as we stated 
in our former notice, that the eylinder and crankshaft 
bearings are carried by a panes top 
of the Soller, this casting or a ieving the 
boiler of the strains due to the working of the ~ ary 

Messrs, Charles Burrell and Sons, of Thetford, 
are represented by a steam ploughing engine and a 
6-horse traction engine, thoroughly well made, 
but possessing no special features requiring descrip- 
tion here. The last agricultural locomotive in our 
list is one constructed by Mr, Frederick Savage, of 
Lynn, and exhibited by Messrs, Burford and Perkins. 
This engine is a t of the type of con- 
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‘Taunton, the driving wheels of the engine 


also the winding drums for the rope used for steam 
cultivation, In the present engine these wheels are 
of cast iron, and the central part of the tread of each 
tyre is removable, this removable portion serving as 
Rene ae When it is to be used for 
oug Lp gp e engine is raised at the hind 
end, no that = e ween wheels are clear of th 
ground, and the removable of the i 
taken off, the wheels form ee aoally chatwe ios 
of a windlass for ploughing on the roundabout system. 
To facilitate this lifting at the hind end, the present 
engine is provided with a special set of very slow 
gear, which enables it to be run up on blocks 
progenies high to a of pap hind end being suit- 
ably Ee up. e engine shown at Birmingham 
also differs from that exhibited at Taunton in the 
cylinder being placed at the front end, and the 
steering gear being worked from the rear by a wheel 
under the command of the driver. We may remark 
here that Mr, Savage does not fit his engines with 
the ‘‘ jack-in-the-box” motion or compensating gear 
now so generally used, but he sanviles for either 
driving wheel being thrown out of gear at pleasure, 
so as to facilitate turning. The disengaging clutches 
= — by handles under the ready control of 
e driver. 


PORTABLE AND FIxeD ENGINES. 

In speaking of these exhibits, it will be convenient 
to follow the order of the stands in this department 
of machinery in motion, in which they are chiefly to 
be found. We thus commence with the stand of 
Messrs, Tangye Brothers, of Birmingham, whose 
collection of exhibits is of special interest. In the 
first place, we find at this stand a new form of com- 
pound steam pump, constructed on the patent of 
Mr, Cherry, who is connected with Messrs. Tan- 
gye’s works, We shall, in an early number, illus- 
trate this engine fully ; but meanwhile we may state, 
that in it an annular low-pressure cylinder is em- 
ployed, this — surrounding the high-pressure 
cylinder, and being separated from it by a steam 
jacket, The admission of the steam to, and its return 
from, the two cylinders is effected by a single slide 
valve, which receives its motion from a pair of pis- 
tons working in a supplementary cylinder. The 
distribution of the steam which moves these p’ 
on the other hand, is effected by a small valve mo 
transversely to the main slide, and which is actua’ 
by tappets operated by the movement of the main 
pistons. A neat point in the arrangement is, that 
this small valve only admits to the one end or the; 
other of the ommeieenseeny cylinder just enough: 
steam to cause the movement of the main slide, the 
motion of the latter immediately causing the steam 
to be cut off from the auxiliary cylinder. We shall 
have more to say of this engine when we publish 
“mene of it. 

essrs, Tangye also show a neat arrangement of 
air pump and condenser intended for attachthent to 
existing non-condensing engines which it is desired 
to convert into the condensing t The air pump 
is workéd by a belt, and the whole arrangement— 
which is very simple—will be at once understood 
from the section annexed. We may add that to 
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REAPING MACHINE AT THE BIRMINGHAM SHOW. 
CONSTRUCTED BY MESSRS. J. AND F. HOWARD, ENGINEERS, BEDFORD. 
(For Deseription see Page 55.) 





Fig.2. 
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SELF-MOVING ANCHOR, DRAG HARROW, AND CHAIN RAKE, AT THE BIRMINGHAM SHOW. 


CONSTRUCTED BY MESSRS. J. AND F. HOWARD, ENGINEERS, BEDFORD. 


(For Description, see Page 55,) 
































to a great extent the unequal resistance opposed by 


the working of the air pump. There are many 
circumstances under which such an arrangement of 
air pump and condenser could be advantageously 
employed. Willan’s neat three-cylinder engine makes 
a great show at Messrs. Tangye’s stand, the firm 
having taken up the manufacture of these engines 
on an extensive scale, and exhibiting a series of them 
of different sizes. The form in which Willan’s en- 
gine is made by Messrs. Tangye was illustrated by us 
on page 464 of our twentieth volume. One of these 
engines is also shown mounted on a boiler of the 
locomotive type, so as to form a portable engine ; 
whilst another is employed on a very neat form of 
steam crab, which several special features, 
and of which we hope hereafter to publish engrav- 
ings. Besides the novelties we have mentioned, 
Messrs. Tangye have also at their stand a good col- 
lection of their “‘ special” steam pumps and of their 
well-known horizontal engines, a pair of the latter 
being exhibited fitted with link motion and arranged 
for winding. The link motion of this pair of en- 
gines is got up with what is called a “ gunmaker's 











finish,” that is, it is not polished after hardening. 
This mode of finishing link motion has for some time 
been adopted by Mr. Webb at Crewe, and it looks 
extremely well, while it saves a useless expenditure 
of Jabour. 

Mr. William G, Bagnall, of Stafford, who comes 
next to’ Messrs. Tangye, exhibits a rather neat 10- 
horse horizontal engine, and some rather rough 
horizontal engines combined with vertical boilers ; 
while at the adjoining stand of Messrs. Hydes an 
Wigfull (Limited), of Sheffield, we find another 
direct-action* steam pump, this being Parker and 
Weston’s, constructed by the Colebrookdale Com- 
pany. No sectional drawings of this pump were 
available when we visited this stand, so that we are 
unable to describe the peculiarities of its arrange- 
ment. A steam pump of another type is shown by 
Messrs. Joseph Evans and Sons, of Wolverhampton. 
This pump, of which several examples are shown, 
is fitted with a piston slide valve instead of the ordi- 
nary lifting valves, and it is particularly adapted fo 
pumping tar and similar thick fluids, a purpose for 
which it has already been extensively applied, The 


























pump is driven by a steam cylinder direct, there 
ing a flywheel shaft with a “dog crank” arrange- 
ment between the two cylinders. A special feature 
in the cg og is that the —_ eccentric can 
be readily shifted by a handwheel so as to reverse 
the motion, the pump valve eccentric then also 
shifting, and what were before the suction passages 
of the ee | becoming the delivery p: , and 
vice versd. ‘This arrangement gives great facilities 


their becoming choked, an important feature when 
such fluids as tar have to be pumped. We shall 
illustrate this pump shortly. 

Another extensive show of steam pumps is to be 
found at the stand of Messrs. May and Mountain, 
of Birmingham, who exhibit a number of Cole- 
brook’s patent pumps at work, The pumps appear 
to act well, but it would be impossible to describe 
their special features without the aid of illustrations, 
which we hope hereafter to give. At Messrs, Hay- 
ward Tyler and Co,’s stand the chief exhibit is a 
large steam pump with the new valve gear of 
Messrs, Cope and Maxwell, of which we give en- 
gravings and a description on page 57 of the present 
number. This pump is shown at work, and the 
valve gear acts capitally, effectively controlling the 
movement of the engine even when all resistance is 
suddenly thrown off by widely opening a valve pro- 
vided for throttling the es pipes. Another 
interesting exhibit at Messrs. Hayward Tyler and 
Co.'s stand is the Rider hot-air engine, which we 
illustrated and described on page 33 of our last 

umber. This engine works well and steadily, and 
will undoubtedly be very useful for small powers. 
The firm also show various examples of their 
‘¢ Universal” steam pump, of which we have fre- 

uently had occasion to speak favourably. Near 
Soeate. Tyler and Co.’s stand Messrs. Reiegeanis 
and Co., of Birmingham, exhibit a large Berryman 
feed-water heater manufactured by Messrs. J. 
Wright and Co., Limited, of Tipton, Improve- 
ments have been recently made in the details of 
these heaters, and a large number are now in use. 





They undoubtedly form a very effective type of 


for clearing the suction passages in the event of * 
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heater, Yet another direct-acting steam pump is 
shown by Mr. Jonathan Pickering, of Stockton-on- 
Tees, this pump having been illustrated by us a 
few months ago (vide p. 366, vol. xx.), and it 
being therefore unnecessary that we should describe 
it here. 

At the stand of Messrs. G, A. Clough and Co., of 
Stockton-on-Tees, another type of three -cylinder 
engine makes its first appearance at an Agricultural 
Show. This engine of Messrs. —— in external 
appearance somewhat resembles Willan’s, but the 
arrangements for the distribution of the steam are 

uite different. We shall in an early number 
illustrate Messrs. Clough’s engine, but we may re- 
mark here that it consists of three single-acting 
cylinders placed side by side, and each fitted with a 
deep piston within which is contained a slide valve. 
Each slide valve is operated by a projecting tongue 
on the corresponding connecting rod, the pendulous 
motion of the connecting rods thus giving 4 hori- 
zontal movement to the slide valve, and thus effecting 
the required distribution of the steam. The —— 
ment is very simple. At the same stand is 
shown one of Clough and Ridealgh’s rabbling ma- 
chines for puddling, driven by one of the above- 
mentioned three-cylinder engines, About a hundred 
of these machines are now in use at different iron 
works, and the construction is simple and well 
adapted for its purpose. We shall probably illus- 
trate the machine shortly. 

Messrs. Frank Pearn and Co., of Manchester, 
are the exhibitors of a number of their neat 
‘* Manchester” donkey pumps, which we noticed in 
connexion with the Smithfield Show last Christmas, 
and which we illustrated on page 456 of our twentieth 
volume. The same firm also show a new type of 
horizontal rotative double-acting pumping engine, 
in which the steam and pump pistons are directly 
connected by a piston rod, a crosshead on this rod 
being coupled to a pair of levers which vibrate on a 
fi centre below. The crankshaft extends across, 
considerably below the centre line of the cylinders, 
the connecting rod being coupled to the centre of 
the vibrating levers just mentioned, and the throw 
of the crank being thus only one-half that which it 
would have if it derived its motion direct from the 
piston rod in the usual way. One object of the 
arrangement is to reduce the length of the engine 
as much as possible, a matter of importance in some 
cases, while another is to get an engine which, when 
not pumping, can be applied for driving light 
machinery. 

We shall illustrate this engine shortly, as well as 
a new type of vertical double-acting pump, with 
two rams, which Messrs. Pearn also exhibit, 

Milburn’s Engineering Company, of New Cross, 
show a ten-horse engine with vertical boiler, the 
engine in this case being placed in an inclined posi- 
tion, rising towards the crankshaft end. The finish 
of this engine is very neat, and the general design 
good, with the exception of the bracket carrying 
the crankshaft plummer block on the flywheel side ; 
this bracket, although perhaps strong enough for 
the work, being still out of proportion to the rest of 
the engine, The vertical boiler supplying steam to 
this engine has a series of U tubes depending from 
the crown of the firebox, one leg of each U having 
a deflecting cap which forms an extension of the 
tube above the tube-plate. Besides these Uy tubes 
there are also a series of J tubes reaching from the 
sides of the firebox to the crown. Above the der 
flectiog caps of the tubes is « baffle plate which 
distributes the ascending currents of water. We 
hope hereafter to publish engravings of this boiler 
which will explain its construction more fully. 

Messrs. Davey, Paxman, and Co.,, are well re- 
presented, both by ordinary portable engines 
as well as by their well-known vertical engines ; 
while Mr. G. S. Hindley, of Bourton, has also a 
good show of his vertical engines, which we com- 
mended in our notice of the Taunton show last year, 
and which we illustrated on page 457 « f our twentieth 
volume, 

At an adjoining stand the Patent Steam Boiler 
Company of Birmingham show a 100-horse Roots 
“* safe and sure ” boiler, and also a five-horse boiler, 
constructed on the same , this latter being 
shown in steam. These boilers have been amongst 
the most successful of the water-tube type, and we 
have heard very satisfactory reports of their per- 
formance both here and abroad. Their construction 
is too well known to our readers for any description 
to be n here, Close to the Patent Steam 
Boiler Company's stand, Mr. William Paddock, of 
Birmingham, shows a small vertical engine, which, 





although not ‘characterised by any special features, 
is yet worthy of commendation for its generally 
neat design. 

Messrs. — and Company, Limited, of 
Grantham, are the exhibitors of some good speci- 
mens of single, double, and three-throw cranks, bent 
from round bars, this being a class of work which 
they make a specialty. The same firm also shows 
examples of a new type of vertical engine, which 
has many special features in its design. In these 
engines the cylinder, which is steam jacketted, is 
bolted on the top of a vase-shaped standard, which 
has the crosshead guides and crankshaft plummer 
blocks formed in one piece with it, and which is in 
its turn bolted on the top of a vase which forms a 
water tank. The slide valve is balanced, and is 
fitted with a regulating plate operated by the gover- 
nor, which controls the supply of steam in this way 
instead of bya throttle valve. Altogether there are 
many good points about these engines, and we hope 
shortly to illustrate them fully. 

The Beverley Iron and Wagon Company, who 
come next, have a good show of well-designed and 
well-finished engines, but their construction involves 
no special points of novelty requiring description 
here; and the same remarks also apply to the ex- 
hibits of Messrs. Ransomes, Sims, and Head, who 
occupy an adjoining stand. 

Messrs. Brown and May, of Devizes, whose ex- 
hibits we must next notice, have introduced on 
their portable engines a neat and novel method of 
cleaning their tubes. It consists simply of a blast of 
live steam from the boiler, which is directed up the 
chimney, so as to form a powerful induced current. 
The steam for this jet is taken direct from the boiler, 
near the firebox, and is conducted through a small 
tube—about 1} in. in diameter—to the smokebox, 
the end of the tube opening into the chimney, on a 
level with the mouth of the exhaust pipe. Upon 
the steam being turned on by the driver, a powerful 
blast of steam rushes into the chimney, and with- 
draws the soot and other deposit from the tubes 
with considerable force, the heavy particles being 
deposited in the smokebox, whence they are re- 
moved. The tubes can be cleaned while the engine 
is at work, and without the delay inseparable from 
the disagreeable process of ordinary sweeping. 

Next we have another group of makers, Messrs. 
P. and P. H. Gibbons, of Wantage, Messrs. William 
Foster and Co., of Lincoln, and Messrs. Wallis and 
Steevens, of Basingstoke, all showing examples of 
their regular types of engines only, and hence not 
calling for special notice ; while adjoining these we 
have the stand of Messrs, Hodgkin and Neuhaus, of 
London, who exhibit one of the chief novelties of 
the show, namely, the ‘“‘pulsometer.” Since its 
first introduction to this country, several improve- 
ments have been introduced in the construction of 
Hall’s pulsometer, and as now made by Messrs. 
Hodgkin and Neuhaus, its details are well worked 
out, We give on page 56 engravings of this some- 
what singular apparatus, which will explain its ac- 
tion. Referring to the illustrations, it will be seen 
that the apparatus consists of two chambers, A A, 
which terminate at the top in tapering necks, lead- 
ing to corresponding My or passages in an 
upper casting J, to which the steam-pipe K is also 
connected, ‘lhis casting J contains a spherical valve 
as shown, this valve being capable of closing the 
o—- leading to either of the chambers A A. At 
the bottom of the chambers A A are inlet valves 
E E, these covering openings communicating with 
the suction pipe C, as shownin Fig 1. Adjoining 
the chambers A A, and communicating with them 
by suitable B pen (see Figs, 2 and 3), there is 
also a third chamiber, fitted with the discharge 
valves F F,as shown. Between the chambers A A, 
and cast in one piece with them, is an air vessel B, 
which, as shown in Fig. 2, is connected only to the 
suction, but which in some of the pulsometers is 
divided by a partition, so as to form both suction 
and delivery air vessels, Near the top of each 
chamber A A are provided small air valves, opening 
inwards ; the object of these valves we shall explain 
Log ams 4 Let us now suppose that the apparatus 

as been charged with water, and that steam is 
turned on, the action will then be as follows: The 
steam passing down the pipe K will enter one or the 
other of the chambers A A, according to the posi- 
tion which the small ball valve in the casting J 
happens at that moment to occupy, and pressing on 
the surface of the water in that chamber, will force 
it out through the discharge valve. During this 
process, owing partly to the shape of the chamber 
and the consequent steadiness of the water surface, 





the condensation of the steam will be small, but 
immediately the level of the water falls to that of 
the di passage, the steam rushes out through 
that passage, and in doing so disturbs the water as 
to cause it to be thrown up amongst the steam, thus 
inducing the rapid condensation of the latter. The 
effect of this is that a vacuum is suddenly formed in 
the chamber in which the steam has just been acting, 
and the water rushes in through the suction valves, 
the small ball valve at the top being at the same 
time drawn promptly over, thus shutting off any 
further supply of steam from the chamber which has 
been acting, and admitting steam to the other cham- 
ber where the same series of operations is repeated. 
The small air inlet valve which we have men- 
tioned as being fitted to each chamber A, comes 
into action when the vacuum is formed within the 
chamber, and by partially destroying the vacuum, 
checks the rush of the water as the chamber fills, 
and thus prevents the ball valve at the top from 
being thrown off its seat by the impact of the water, 
as might otherwise occur. The air, by preventing 
the intimate contact of the steam and water, also 
seems to check the condensation of the former. The 
valves used in the pulsometer are worthy of notice; 
they are, as will be seen, clack valves, closing on 
wooden seats, and fitted with wooden striking blocks 
at the back. They are very simple, and are arranged 
so as to be very readily accessible. We are not in 
possession of any previous data as to the steam con- 
sumption of the pulsometer when doing a known 
amount of work, but the makers assert that it is far 
less than would be generally anticipated ; and that 
although not pretending to any high degree of eco- 
nomy, yet that the instrument can compare favour- 
ably, as regards steam consumption, with many 
steam pumps now in use, Accurate experiments on 
this point would be of interest, and we trust that 
they may be undertaken. Apart from any question 
of steam consumption, however, the handiness with 
which the pulsometer can be applied in many out- 
of-the-way situations, and the small attendance it 
requires, will commend it for use under a variety of 
circumstances, 

We have now to mention a number of well-known 
makers, such as the Reading Iron Works Company, 
Messrs. Robey and Co., and Messrs. Garrett and 
Sons, who are represented in the section with which 
we are now dealing only by engines of their re- 
gular types, and the same may almost be said also 
of Messrs. Alexander and Son, of Cirencester, who, 
however, show a combination of their neat ‘“ girder” 
engine with a vertical boiler. In this arrangement 
the crankshaft end of the engine frame very much 
overhangs the bedplate of the boiler, and the effect is 
to convey an idea of unsteadiness, although probably 
the arrangement may answer satisfactorily in prac- 
tice, particularly in engines of small power. 

At the stand of Messrs. E. R. and F, Turner, of 
Ipswich, the novelty this year is a new type of ver- 
tical engine, this engine having a cast-iron frame of 
very neat design bolted at one end to the cylinder 
and at the other (which is forked) carrying the 
crankshaft bearings. The whole engine can thus 
be erected apart from the boiler, an undoubted ad- 
vantage. We shall illustrate this engine shortly, 
when we shall explain a peculiar and very neat ar- 
rangement of governor and stop valve with which 
it is fitted, this stop valve also acting as the throttle 
valve. Mr, Stephen Lewin, of Poole, whose stand 
adjoins Messrs. Turner’s, is unfortunately this year, 
owing to the recent disastrous fire at his works, 
only a small exhibitor, and Messrs. Hornsby and 
Sons, Messrs. W. H. Nicholson and Son, Messrs. 
Ashby, Jeffery, and Luke, and Messrs. Ruston, 
Proctor, and Co, who come next in order, are all 
represented by their ordinary engines. 

essrs. Marshall, Sons, and Co., of Gainsborough, 
show, besides a good collection of their ordinary 
engines, a portable fitted with a new arrangement of 
expansion gear controlled by the governor, which 
has been patented by Mr. Hartnell and which we 
shall illustrate in an early number. The arrange- 
ment, which operates by varying the stroke of the 
expansion valve, is very simple and effective, and, 
therefore, well worth notice. Next to Messrs. 
Marshall is the stand of Messrs, Piercy and Co., of 
Birmingham, who show an unusually large collection 
of vertical engines of various sizes and of sub- 
stantial pattern, and who, moreover, exhibit in 
operation Henderson’s mechanical stoker as applied 
to a Cornish stationary boiler. In this stoker the 
coal placed into a hopper passes through crushing 
rolls and is delivered on to a couple of revolving 
fan plates or distributors which throw it on to the 














JuLy 21, 1876,] 


ENGINEERING: 


55 





fire. The action appears to be very satisfactory, and 
we propose to illustrate the arrangement in an early 
number, We may mention’ here, although not 
strictly in order, the exhibits of Mr. Alfred Dodman, 
of Lynn, who in addition to an ordinary portable, 
shows examples of the neat vertical engine which we 
illustrated on page 28 of our last number. 

Lastly, but by no means least, we have to mention 
Messrs. Clayton and Shuttleworth, who as usual 
have an extensive collection of engines of the usual 
excellent finish. The only novelties connected with 
them, however, are to be found in their traction 
engines of which we have already spoken. Some of 
the engines, by-the-bye, have applied to them a 
new and very neat arrangement of chock-block of 
which we shall speak amongst the miscellaneous 
exhibits. 

PLOUGHS AND CULTIVATORS. 

Although there is a good show of ploughs, they 
are, as a rule, of the standard type, there being but 
few decided changes or improvements. Amongst 
those exhibitors who have any novelties, whether 
wholly or in part—and there are more of the latter 
class of exhibits than of the former—are Messrs. 
Davey, Sleep, and Co., of Polso, Cornwall. They 
exhibit a selection of their single and double furrow 
turn-wrest or one-way ploughs. These implements 
are improvements upon those formerly made by this 
firm, and in which a number of springs were used. 
Now, however, the springs are disused, and a strong 
and simple style of construction is adopted. - Mr. 
W. S. Underhill, of Newport, Shropshire, hasa new 
double-furrow plough for two horses, which is con- 
structed wholly of steel and wrought iron. It is 
very light, is fitted with a rising foot, and is, gene- 
rally, an improvement upon that maker’s former 
pattern, consisting practically of two main parts 
instead of three. Messrs. S. Corbett and Son, of 
Wellington, Shropshire, exhibit a new ridge plough, 
in which the share is made with a pair of wings so 
as to cut through the roots of weeds. It has also a 
special form of mould board, so curved as that it 
brings the bottom soil gradually up to the top, and 
turns it over similarly to a single furrow plough. 
The rear portion of the mould board is removable, 
being fixed up in position by bolts and nuts. When 
worn or damaged, it can readily be taken off and 
replaced by a new piece. This firm also exhibit an 
improved form of their poe raising plough, which 
took the first prize at the Hull meeting, but, which, 
since that time, has been greatly altered. The driving 
wheel has a peculiarly-shaped tyre, which works in 
the bottom of the ridge, and bites the ground well, 
but without clogging. This wheel drives through 
geacing the revolving fork by which the potatoes are 
thrown out. The gearing is boxed in, and well 
protected from dirt, This implement can also be 
used for pulverising the land or for clearing stubble. 
It has a lever for throwing the revolving fork out of 
gear when turning at the ends. 

Messrs. J. L. Baker and Co., of Hargrave, 
Huntingdon, introduce as a new implement a culti- 
vator or drag harrow, in which the novelty is light- 
ness combined with a reasonable strength in all the 
parts, The same firm exhibit a combined horse hoe 
and horse rake, in which by removing a couple of 
bolts the hoes are readily taken out and quickly re- 
placed by tines, thus forminga rake. Mr, H. Denton, 
of Wolverhampton, has brought out a set of twin 
cultivators for working couch to the surface, and for 
crossing turnip land for barley. The tines cover the 
wheel tracks so that there is no compressed soil left 
in the rear of the implement, The 7-tine cultivator 
of this manufacturer is of wrought iron, and the 
horses draw direct from the frame by means of a 
vair of connecting rods attached to a link and chain, 

he hook being led through the guide bar of the 

‘ont wheel. r, Denton has likewise a horse hoe 
hich is adapted for roots or corn. It will work to 
x different widths, from 6 in. to 24 in., by shifting 
'e tines laterally on their bar. The disc clod crusher 
id roller by the same maker has a new bracket and 
semovable chilled bush for the axle, so that the bush 
© be easily and cheaply renewed when worn. 
‘ie roller of Messrs. S. Corbett and Son has a 
ilar arrangement to the foregoing, the ends of 
t shaft being boxed in, and a chilled cast-iron 
Ish being used so that renewals may easily be 
eected. ‘The frames of these rollers are of channel 
bn, and there are no projecting ends, as in the 
tuber frames, so that the roller itself can be of the 
aximum width allowable for this class of imple- 
ent, The rear ends of the shafts are fitted with 
Gt-iron caps, which rest on the ground when the 
safts are thrown up and the roller is out of work, 








so that the ends are protected from damp, and are 
not liable to dome. 

Messrs. J; and F. Howard, of Bedford, exhibit a 
self-moving anchor in which there are several im- 
provements. This anchor is illustrated in elevation 
and plan on 53 of our present issue. The im- 
provement consists in mounting the frame centrally 
upon a pair of 1 travelling wheels by means of 
a cranked axle. The axle itself is made to revolve 
so that the portion of it carrying the wheels may 
be either above or below the frame. In the one case 
the steerage disc wheels would be let into the ground 
for work, and in the other they would be raised clear 
of it for travelling. The movement is effected by 
attaching to one of the crank cheeks a lever worked 
by a chain wound round a drum, the drum itself re- 
ceiving motion from a worm wheel. Our engraving 
represents the anchor in each position. In working, 
the anchor is moved forward by the pull of the rope, 
and the distance it travels is regulated according to 
the width of the implement which is being worked 
by the length of pitch chain which works upon a 
pitch drum on the central axle. On the chain is a 
claw or lug, which holds the anchor in position when 
the implement is travelling towards it. This claw 
is released when the implement leaves the anchor to 
travel to the opposite headland by the withdrawal 
of a bolt or bar, the withdrawal being effected by 
the reverse action of the pulley round which the 
rope runs, the whole arrangement being automatic. 
The anchor can be set to travel in any direction 
according to the shape of the headland by a shearing 
arrangement consisting of the worm wheel already 
alluded to. 

Messrs. Howard have adapted the self-lifting 
movement patented by them to a variety of imple- 
ments during the past year or two, one instance 
being their steam cultivator. They have now applied 
the principle to their drag harrow, in whieh case 
the hens releases the tines by his forward move- 
ment, the lever handle being released from the notch 
by the attendant. There is a toothed quadrant on 
the cranked axle which carries the wheels, the depth 
of working being regulated by the raising or lower- 
ing of this axle. A perspective view of this harrow 
is shown at page 53 of our present issue, The 
new chain harrow of this firm is a neat arrangement, 
consisting of a number of sections linked together, 
and formed of steel rods bent to the shape shown in 
Figs. 4 and 5 on page 53. On each section are 
cast three tines pointed at either end, one being a 
long and the other a short end, jeach tine being 
rounded off at the back. The short tines are at the 
top in their normal position, and by turning the 
harrow upside down the shorter tines are brought 
into play upon the soil. The harrow may be worked 
with sloping or curved sides of the tines forward by 
taking off the whippletrees, avd attaching them on 
the rear. 

Messrs. John Perkins and Sons, of Lichfield, 
Staffordshire, exhibit a new single-furrow plough, in 
which the novelty is the solid wrought-iron wheel- 
fastening. ‘The wheel is carried by an angled bar 
which passes perience through the beam, and is 
held by a set screw. ‘The pitch of the share can be 
altered to follow up the wear. The breast can be 
expanded to any required shape by means of 
liberating nuts. In Messrs. Perkins’ double-furrow 
plough the width of the furrow can be regulated 
from 6in. to 12 in. by means of expanding 8. 
The plough has expanding couplings to alter the 
shape of the breast. It is also fitted with a lever to 
regulate the depth of cut while the plough is in 
motion. In the horse hoes of the same firm the 
depth of cut is similarly regulated, By means of 
a side lever working a parallel ruler motion carrying 
the hoes and attached centrally to the beam, the 
width of the cut is also regulated, 


Rouiers, 


Messrs. R, A. Lister and Co, exhibit their new 
balanced roller, in which the weight of the frame, 
owing to the shape of the end frames, is thrown so 
far to the rear of the rolls, that when the driver is 
in his seat, the pr ave is exactly balanced. The 
end frames are adjustable, so as to take up the wear 
of the rings on the sides, The cross rails and shafts 
are of wrought-iron, and the bearings in the end 
frames are bolted on, and can be easily and cheaply 
replaced by new ones when worn out, 


Horse Hoes. 


Messrs, Sinkwell and Tooley, of Dunstable, exhibit 
a horse hoe, which is expanded by means of a system 
of levers connected to the arms carrying the hoes, 





eri sliding. on» cunten, bas. po, thet the, boos may be 
set to any width, For regulating the depth of the 


hoe a lever working in a notched quadrant is used, 
the lower end of the lever ing the wheel. In 
the steerage horse hoe of Mr. W. Coleman, of 


Northampton, the steering gear consists of a pair of 
sliding bars carried on friction rollers, the steering 
handles being swivelled on to the front bar of the 
hoe. Messrs. T. Ashley and Sons, of South Lin- 
colnshire, exhibit a combined turnip hoe and striker, 
which can be used as a weeder and thinner combined, 
or as either separately. In case of an irregularity in 
the crops, the knives can be at once thrown out of 
gear by a lever, so that the thinners may pass over 
any es ts or obstacles that may be in the way. 
The knives can be set any distance apart, from 9 in. 
to 18in. The hoes will adapt themselves to any 
irregularity of surface, and work with equal facility 
over ridge or furrow by means of curved guides 
placed in front. In the horse hoe of Messrs. Murton 
and Turner, of Kenninghall, Norfolk, the depth is 
regulated by means wormwheel gearing, the 
whole series of hoes being raised simultaneously, 
and preserving a horizontal position with relation to 


the ground. 
REAPING MACHINES. : 

With the view of meeting the frequently expresse 
demand for a reaper of lighter character than their 
International machine, Messrs. J. and F. Howard, 
of Bedford, have just brought out the implement 
illustrated in the engravings on page 52, and 
which they have named the ‘‘Simplex” reaper. 
There are several special features in this implement, 
the main improvements consisting in a more perfect 
action of the raking and gathering appliances, and 
the bringing them under the control of the atten- 
dant. e rakes are guided in their pathway by a 
cam connected with a switch, so that any rake ma 
be used either as a rake or as a gatherer at the will 
of the attendant. ‘The switch piece is centrally 
pivoted, The details of the mechanism of this 
reaper will be seen from our engraving, in which 
Fig. 1 is aside elevation, Fig. 2 a section through 
the centre, Fig. 3 a plan, Fig. 4 an end view, Fig, 5 
details of the raking apeienees in plan, Figs 6 and 
7 being the details of the driver's seat, hen the 
roller carried by the rake arm moves betweem it and 
the cam, the cut corn is swept off the platform ; but 
when the friction roller of the rake arm moves out- 
side the switch, the rake then acts as a gatherer, 
and passes clear of the platform. ‘The switch is held 
in position and is prevented from getting wrong by 
the roller, so that until it has passed clear it can 
neither open nor shut. In ordinary working a rake 
and a gatherer come into operation alternately, and 
this regular action continues until the attendant 
modifies it as already mentioned, A very important 
point is gained by this arrangement, viz., that at 
each corner when the crop is being reaped, the at- 
tendant can carry round the corn, it being cut so as 
to leave a clear space for the horses to turn without 
trampling on the sheaves, The open gear work of 
the main driving wheel is alsoa t of importance, 
as preventing the gear from being choked with dirt 
from the travelling wheels, which frequently occurs 
with the ordinary gear after a shower or in damp 
weather. The gear work, cam, &c., are all sup- 
ported upon one standard, and are near to the tra- 
velling wheel, so as to avoid throwing unnecessary 
weight upon the platform wheel. It is also advan- 
tageous in long crops or in windy weather, to get 
them well out of theway. The fpr is arranged 
to turn up for travelling on the road or passing 
through narrow gateways. From the arrangement 
and construction of this implement it will doubtless 
prove a very efficient, durable reaper, and will be 
very light in draught. 

Messrs. A, Hughes and Sons, of Malton, York- 
shire, exhibit their reapers, fitted with their arrange- 
ment of lifters for laid crops, Formerly the lifters 
covered the fingers, but in the greene instance the 
are bolted underneath, and the knives work throug. 
them in the same way as through the fingers, Messrs. 
Hughes also exhibit a handy harvesting rake, which 
is nothing more than a set of tines mounted on a pair 
of small wheels, and having a handle prolonged at 
the back so as to form a leg. The rake is dragged 
along, and when full the r turns it up on end, 


and it rests on the leg and the wheels while he binds: 


the sheaf. ' 

Messrs. H. and G. Kearsley, of Ripon, exhibit a 
number of combined reaping and mowing machines, 
the novelty in which is an open finger which pre- 
vents clogging. The machines are also fitted with 
a self-acting spring in place of a stay, for holding 
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the cutter bar up for travelling. These machines 
are easily convertible either for corn or hay crops. 

Messrs. J. and H, Keyworth, of Liverpool, ex- 
hibit several examples of the Buckeye mowing and 
reaping machines, which are well known in the 
United States, and which this firm are now intro- 
ducing here. The gearing is simple, only four cog- 
wheels being used, which are all ied high up from 
the ground, while the driving wheels are plain 
and are free from all gearing. In these machines, 
the first or slow motion is obtained by bevel gear, 
and the quick motion by spur gear. The circum- 
stance that the Buckeye machine has satisfactorily 
stood the test of time in America augurs well for its 
successful introduction in England. 

Mr. Walter A. Wood, of Worship-street, London, 
had an attractive exhibit on his stand in the shape 
of his sheaf-binding apparatus, which was described 
and illustrated by us in connexion with the last 
Smithfield Club Show. ‘The apparatus forms a use- 
ful attachment to a reaping machine, its position 
being on a table behind the cutter bar. e corn 
is delivered into a trough, where it is gripped by 
arms and encircled with wire, which is ingeniously 
made fast around it with a twist, The wire is then 
cut, the end being held fast for the next sheaf. The 
apparatus is ingenious, and is said to do its work 
satisfactorily in America, but it would seem that a 
modification is necessary before it can be success- 
fully applied to English crops. 





TYLER’S COMPOUND STEAM PUMP. 

WE have mentioned, in the course of our account of the 
Royal Agricultural Society’s Show at Birmingham, on 
another page of the present number, a compound steam 

ump exhibited by Messrs. Hayward Tyler and Co., of 

pper Whitecross-street. The particular pump shown 
at Birmingham has a single steam cylinder, but the 
makers are also constructing larger steam pumps on the 
compound system, and a working sectional model of such 
a pump is exhibited by them at the Royal Agricultural 
Show. As we have remarked elsewhere, the peculiarity of 
the pump consists in the arrangement of the valve gear, and 
of this gear, which has been patented by Messrs. Cope and 
Maxwell, we give engravings on the opposite page, showing 
it applied to a compound pumping engine. 

Like Mr. Henry Davey’s valve gear, of which we have on 
several occasions spoken in these columns, the gear of 
Messrs. Cope and Maxwell acts upon the principle of con- 
trolling the rate of movement of the engine to which it is 
applied by the flow of a liquid from one end to the other of 
a cataract cylinder. The manner in which the principle is 
carried out, we can best explain by reference to our 
engravings. 

From the views given it will be seen that, in the engine 
we illustrate, the two steam cylinders and the pump cylinder 
are placed in a line, the high-pressure piston rod a and the 
two low-pressure piston rods a'a’ being connected to a cross- 
head, from which an arm 6 projects downwards, as shown in 
Fig. 1. The lower end of this arm is coupled by a link c 
to the lower end of a lever d, carried on a rocking shaft «. 
This rocking shaft also carries a pair of arms 7 which, by 
means of a pair of links /’ /’, are coupled at g to a pair of 
levers iA vibrating on a fixed centre at Ah. These levers are 
also connected at g by links g’g'to the base-plate J, having 
cast in one piece with it the two cylinders mn, This bed- 
plate, with its cylinders, slides on suitable guides formed on 
the girder carrying the fixed centrese and’. The effect 
of this motion we shall explain presently. 

Returning for a moment to the levers Ai, it will be seen 
that their upper ends i are capable of operating on striking 
pieces j7", adjustable on the spindle of the slide valve & of 
the small steam cylinder m, the outer end of this spindle 
having formed in it a slot through which a hand lever 
passes. The second cylinder n on the sliding bedplate /, is 
a cataract cylinder, and its piston rod o is coupled to that 
of the cylinder m, and through the latter to the spindles of 
the slide valves p and q belonging to the main steam cylin- 
ders rand s. The cataract cylinder is filled with water or 
oil, and the flow of this liquid from one end to the other is 
controlled by the valve v fitted to the bye-pass channel, as 
shown in the sectional plan, Fig. 2. This view also shows 
how the steam is led to and from the valve chest of the small 
cylinder m by the sliding steam and -exbaust pipes ¢ and u, 
respectively communicating with the steain inlet and ex- 
haust passages of the main high-pressure cylinder r. 

We will now endeavour to explain the manner in which 
the gear we have described operates. When the parts are 
in the positions in which they are shown in our engravings, 
the slide valves are, as will be seen, all at the middie points 
of their travel, and the steam is thus shut off from all the 
cylinders. Let us now suppose the engine to be started by 
moving the slide valve £ of the small steam cylinder m to- 
wards the left, so as to admit steam to the right-hand end of 
the cylinder m. The effect of this will be to cause the 
pistons of the cylinders m and n to move towards the left at 
a rate controlled by the adjustment of the valve v in the 
bye-pass of the cataract cylinder n, 

But the movement of the pistons in the cylinders m and 





n also causes the movement of the slide valves p and q of 
the main cylinders r and s, and thus admits steam into the 
right-hand ends of these cylinders, causing their pistons to 
move to the left. But, again, this movement of the main 
pistons carries the arm 6 to the left also, and through the 
intervention of the link c, lever d, and arms ¢ /, shifts to- 
wards the right the sliding bed-plate / with its cylinders 
mand n. .But the cataract cylinder n, in being thus moved 
towards the right also carries with it its piston, which is 
connected to the valve spindles of the main slide valves p 
and g, and we thus see that the movement actually imparted 
to these valves must be equal to the difference between the 
movement of the cataract piston towards the left in its 
cylinder, and the moven##it of that cylinder itself towards 
the right. 

So long as the main pistons do not tend to make a stroke 
at a higher rate of speed than that for which the cataract 
is set, so long will the movement of the cataract piston in 
its cylinder suffice to keep the main slide valves shifted to- 
wards the left, thus admitting steam to the rigift-hand end 
of the main cylinders, and causing the main pistons to 
move towards the left. If, however, the engine moves too 
fast, then the movement of the bed-plate / and cylinders m 
nm, towards the right, under the action of the levers d and 
e J, overpowers the movement of the cataract piston in its 
cylinder, and shifts the main slide valves towards tha right, 


thus shutting off steam from the right-hand end of the main 
cylinders. 

The state of affairs we have described continues until, as 
the main pistons approach the end of their stroke towards 





the left, the upper ends of levers 4 i come into contact with 
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HALL’S PULSOMETER AT THE BIRMINGHAM SHOW. 


CONSTRUCTED BY MESSRS. HODGKIN AND NEUHAUS, LONDON. 
(For Description, see Page 54.) 





the striking piece 7’, and shift the small slide valve & towards 
the right; thus reversing the admission of steam to the) 
cylinder m, and causing it to enter the left-hand end of that 
cylinder. Theeffect of this is, that for ashort period, the piston 
of thecylinder m aswell as that cylinder itself, both move to~ 
wards the right, and the main slide valves p and q are thus 
pushed over, reversing the admission of steam to the main 
cylinders. During the movement of the main pistons from 
left to right, the same action as that above described of 
course takes place, but the parts move in opposite direc 
tions. 

One effect of the action of this valve gear is to produce 4 
pause at each end of the stroke of the main pistons, thw 
giving time for the pump valves to close properly. Thi 
this gear affords most perfect control over the movements pf 
the engine, is clearly shown by the pump exhibited in action 
at Birmingham. In conclusion, we may state that the con- 
pound pumping engine, shown in our engravings, has steam 
cylinders 12 in. and 24 in. in diameter with 30 in. stroke; 
the pump, which is double acting, having a cylinder 7 in. 
in diameter. 





Comeneen PaciFic a seg ag famine writer 
observes » a8 an engineering work, this line is quite 
feasible. Headds: ‘‘ Surv ie oedees no obstacles ter 
than those on the Central Pacific and Union ific lines 
and part of the Northern Pacific. For some of the winter 
months snow would im travel a little, perhaps, but 
and hs w remedy that trouble. It is diffi- 
cult, however, for an impartial observer to see where the 
line can make money enough to pay running expenses.” 
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COMPOUND STEAM PUMP WITH COPE AND MAXWELL’S VALVE GEAR, 


CONSTRUCTED BY MESSRS. HAYWARD TYLER AND CO., ENGINEERS, LONDON. 














(For Description, see opposite Page.) 
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PROSPECTS OF ENGINEERS IN INDIA. 
To THE EDITOR oF ENGINEERING. 

agent on tie subject of so many com: 

on the su oO page romotion, det I 

hunk i it right that teen th “ to come out 
b this country, in ines ent of Public 

st least be aware of what th heir chances are. Since I have 

veen in the service there have been so many violations of 

promises made to us, that there is no security even in 

she — 3 of pay, that Government will act up to the 

a pay and emoluments they 


ent issued a circular 
be considered s ~ 
into the departasent should’ ast | 


tious otion; they are now all absorbed, 
stopped promotion to a very large exteat When we joined 








we did so under certain rules with oe 
which were rescinded on the 10th ber, 1874. Tra- 
a lowance was giv: y but Shete fo new 0 scheme, 
unpul nas 07% which reduce the payments 
for travelling. We were annas a mile for 
every mile travelled by iseWithin the Inet month oF 
bro, an order has come out that an engineer offer 

draws double first 


if Government feels itself 
allowances in this way, 
—s shall quptes So. thu fast ps on aoeer 
‘© reduce every man’s pay 10 or 20 per 

pons grees paaep: he Pepeny Ft os are. 
of a letter from the Pioneer of the 22nd 


fare. | bour was 
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Brieran BeiquzeTTzs.—A Belgian company for the 
manufacture of com; coal upon the Be’ id system 
has just been formed at Brussels. The capital of the com- 
pany is proposed to be fixed at 4000/7. 


Tux WHITEHAVEN Dock anpD HarBour WorkKs.— 
On Wednesday last the new west quay of the north har- 
formally for pret + wrong, stn ona 
town and harbour. Very erable difficulties have been 
overcome in connexion oe alt the work owing the 
treacherous nature of the strata upon which the walls are 
founded. The chairman of the trustees dwelt in very 
pra mr gr Be piped a ere: Sng x Brunlees, the 
engineer-in-chief, and also w of the con- 


tractor. in eonnesion wit the on and North- 
een ant Maan vith laid to the loading 


ma to the 
revenue of the trust. The new Tea te hana peed ton. 
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COOPER'S HILL AND THE PROSPECTS OF 
INDIAN ENGINEERS. 
To Tue Eprror oF ENGINEERING. 
Srz,—Will aaph prone of a out of quem 
men now a + > u 
ped gale eng A peakunant about ae diesentent tn 


so prevalent throughout the Department of Public Works 
is, and ask. whet 


in > her the representations and 

of pay and promotionjformerly given were ? 
Is it a fact that there are young men now in ap- 
poaling to Governaie SEE public papers to allow 
hem to retire on a moderate compensation, as have 
lost all hope of making even a moderate cy for old 
age? They com with justice of ha been allured 
into a position w they never would have found in 
had they not been led to aoa = 
matters. In the Pioneer yn an “* ’ puts. 

i worth the 


i 


i ha 
- Sean 
the bettb ts 5 = wrongs r 

their duties. But what are we to of the ines r 
or ignorance of those who amidst such growing disorganisa- 
tion, are heaping fuel on the fire by gathe her 
fifty yo: men annually, the élite of our schools and 
een, ous those in India, at least in the Punjaub, are 
calling out, ‘‘ We have too many already?’ The progress 
of many public works has been arrested, some of them, I 
believe, that have cost upwards of a million sterling, stand 
as monuments either of imbecile incompetency or of reckless 
expenditure, while at the same time there is a yearly adding 
to the number of discontented engineers without ing an 
effort to clear away obstructions from the top of the list. 
If economy is their réle, why not compel the retirement of 
those lagging generals and colonels who have so long and 
so pertinaciously clung to appointments into which they 
got per saltwm? If Government can neither find adequate 
work or remuneration, why retain a number of young en- 
ineers into whose ranks they are annually pouring more? 
ooper’s Hill at present is one of those institutions which 
is only pregnant with evil to the real interestsof Govern- 
ment, All the real practical compe which is acquired 
by young engineers it cannot impart, and consequently they 
arejsent elsewhere to acquire it. Is it p that the 
men that forth of it {are more com t than the 
engineers who were never within its walls, and who have 
erected the monuments of their own ius and skill both 
in India and in land? Let the Government listen to 
the voice of those who wish to retire on a moderate com- 
tion for lost time and service, so that they may, ere it 
too late, retrieve the error they in entering 
the Indian service. Let Government at the same time 
abolish Cooper’s Hill, or at least it, and by the 
substitution of task thought desirable test the efficiency 
of those they send out by tens or twenties, or by twos or 
threes, as they actually require them. If making bricks 
without straw is the acme of ¢ ical ingenuity for the 
ruin of a nation, is not the fatui course pursued in con- 
nexion with our engineers in India a sort of counterpart 
in the Indian Council which still encourages young men 
to leap into the gulf where so wang ate at this moment 

complaining of blighted hopes and unheeded complaints 
«Quis ia fando temperit a is.”’ 


I make these remarks out of a strong feeling of compas- 
sion for a large body of well-educated and promising yo 
mah, and 06 © waruing to pepenie wae may be looking ou’ 
for a proper opening for their sons. That my remarks are 
neither misplaced nor too severe, let me under a few heads 
show the actual state of matters and the prospects of pro- 
motion : 

1. None of those who went out seventeen years ago 


have gai the position of Saapeniing Engineer. 

2. ly seven men who went sixteen years ago have got 
the oe of First Executive. 

8. 


step beyond the usual one after a year's probation. 
are consequently virtually without a step of 
after eight or nine years’ service--they are still second 
assistants. Are they ever likely to become superintendi 
engineers ? 

4. At both present greets rate, a ae ~- bmw = to 
superin ing P ice (equi- 
splanh tn ahous Sf pons’ service) ; his salary would then be 
about 11001. a year. These rates are given from reliable 


those who went out in 1867, eight have never at a 
tion 


data, as given in the Pioneer of mg te . Ergo, a man 
spends his whole life as an executive, driven pillar to 
post without a resting-place for the sole of his-foot, and 


unless with a broken constitution and under medical certi- 
ficate, he must still toil on to ascend with slow and weary 


furloughs), he can retire on a pension of 500%. 
this with & military officer’s prospects in the ‘cavalry, in- 
fantry, nee ae wt Nhe dh wp: heen 
’ service, including e 
come to the conclusion that sublime heights of chief 
engineers with their tempting emoluments, so 
ore the eyes in Government put.into the 


; 
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NOTES FROM THE SOUTH-WEST. 

Ebbw Vale.—The activity manifested in the coal trade in 
this valley would lead one to conclude that additional orders 
had been received. A small stock held in reserve, ite 
the New Mills, from the Old and Little Forge Pits, is oo 
rapidly cleared away for export and home consumption. 
The mills are running full time. 

Coal in the Forest of Dean.—The Forest of Dean coal- 
owners have passed a resolution declaring 


The North Wales Coal Trade.—There has been no im- 
provement in the North Wales coal trade. On the contrary, 
orders remain excessively scarce. 

The 


it 
in the mode of cutting coal and bri 
the quantity of small coal produced in Northumberland 
being, it is said, much than it ought to be—a depu- 
tation, py ihe employers and the men, was 
appointed to visit Messrs. Nixon, Taylor, and Cory’s col- 
lieries in South Wales, with the view of obtaining informa- 
tion. A few remarks 


collieries are on a larger scale than any in South Wales, 
having an acreage of 5000/acres of royalty, and the ventilating 
— of enormous capacity. pistons of the air 
linder hare a 6 ft. stroke, and are driven at a speed of 64 
kes per minute. — roduce 79,670 cubic feet of air 
r minute, but their full working capacity is 200,000 cubic 
‘eet per minute. The ventilator is worked by an engine(36 in. 
in diameter, with a 6 ft. stroke. The winding engine is, 
rhaps, the finest in the district, being 33 in. in 
iameter, 6 ft. stroke, with a 20 ft. spiral drum. The 
men and boys employed at the colliery number about 
1,500, and the coal brought to bank at the Navigation and 
Dnuffryn collieries averages 1000 tons each per day. The 
coal worked is the celebrated Aberdare upper 4 ft. steam 
seam. It will be in the recollection of many that coal was 
first struck in the Navigation colliery in 1860. Since that 
period the colli has been greatly developed. oe 4 
after the arrival of the deputation from Northumberland, 
they donned clothes of a nature more suitable for the ex- 
a which was before them, and descended the pit. 
examined minutely the cutting of the steam coal, and 

the bringing of it to bank. On leaving the pit the “ Bill 
Fair Play’’ machine, which is used for weighing small cal, 
was inspected. This machine was the invention of Mr. 
Nixon. The whole colliery was minutely examined by the 
deputation, who appeared to be well pleased with the excel- 

lence of the arrangements. 


Devon Dockyard.—The north dock at Devonport 
Doe! » which been under repair for a considerable 
time past by Mr. Pethick, the contractor, is drawing 
near completion. The old woodwork at the after and lower 
parts of the dock has been by granite 
masonry, which will be found to be more su tial and 
effective. The starboard gate at the after part of the dock 
has been put in place, and it is expected that in the course 
of a few days the gate on the starboard side will be shipped. 
The dock is urgently required for docking the!Briton, which, 
it is expected, will require rather an ive repair. 

Keyham.—A contract has been entered into for dredging 
the mud from the basins at Keyham, the Admiralty agree- 
ing to pay 17002. for the work. 

Rhymney Iron Company (Limited).—The directors re- 
_ that the production of iron effected by the Rhymney 

ron Compan ited) in the nine months endi 
March 31, 1876, was about 772 tons week, against a 


¥ | normal production of 1100 tons per week. This result was. 


of course, mainly attributable to the reduced demand pre- 
vailing. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 


46s. 4}d. cash, sellers’ 56s. 6d: and id. There was a 
very strong market this forenoon, and a business was 
done in warrants at 56s. 10}d. to 57s. » closing buyers 
at the best, sellers 57s. 1jd. cash. The market continued 
steady during the afternoon, without alteration from the 
forenoon \ part of the last week, iron was 
being sent into store at the rate of about 500 tons per day, 
and on Friday night the stock in the warrant stores was 
68,457 tons, or an increase of 1966 tons during the week. 
ae nape py Yt pene ers flyer akc Fagan Ang 
price of No, 1 Coltness and Shotts was reduced 2s. per ton, 


their intention to | 4), 


it to bank— 








Last by td amounted to only yey as 

in the corresponding week X 

ere are still 116 blast furnaces in operation, as atninas 
17 at the same time last year. 

The Malleable Iron Works.—There is no sign of improve- 
moe in the — iron yom hy Lanarkshire, and man 
of the men a larger works are badly situated. 
Much broken time is suffered by no hon in connexion 
with the plate mills owing to the want of orders. Most of 

works in the Motherwell, i and @ Ww 


i 





FOREIGN AND COLONIAL NOTES. 
: American Iron and Steel I rts.—The value of the 
iron and steel imported into the United States in 1875 was 
15,273,315 dols. This total presented a diminution of 
9,327,405 dols., as compared with 1874. 


Steel in the United States—The production of crucible 
cast steel in the United States last year amounted to 39,401 
tons, as compared with 36,328 tons in 1874. Open hearth 
steel was made in the United States last year to the extent 
of 9050 tons, as compared with 7000 tons in 1874. Other 
descriptions of steel were produced in the United States 
last year to the extent of 12,607 tons, as compared with 
6353 tons in 1874. 


The American Iron Trade.—The first rolling mill in 
Pitts h, Pennsylvania, was built in 1811. The second 
was not built until 1819; in this mill the first American 
puddling was carried on. 

The Boston Coal Trade.—The Boston market has been 
— for Scotch, English, and American cannel coal. Nova 

tian coal has also been dull at Boston, without any im- 


mediate prospect of improvement. 
Train Mile pe on the Bombay, Baroda, and 
Central Indéa.—The locomotive, carriage, and on ex- 


oo —— mile on the Bombay, Baroda, and Central 
dia way amounted, in the second half of 1875, to 
2s. 1fd., as compared with 2s. 6d. in the second half of 
1874, The diminution observable in the second half of last 
ear was attributable to the reduced cost of coal and the 
train mileage over which the charges are spread. 
_ Gas in Paris.—The consumption of gas in Paris increases 
in a remarkable manner. 1855, this consumption 
amounted to 40,747,400 cubic metres ; in 1875, it stood at 
175,988,244 cubic metres. Paris has 39,407 public lamps 
distributed as follows: In old Paris, 21,047; in the new 
zone, 12,589 ; and in the suburbs, 5711. 


_ American Locomotives.—Four new heavy freight locomo- 
tives—ten-wheelers—are under way in the workshops of 
the Philadelphia and oy oy We i Company. Foor 
passenger engines are also to be built ; two of these latter 
engines have been already commenced. 


Intercolonial Railway.—The first through train passed 
over the northern division of the Intercolonial Railway be- 
tween Moncton and St. Flavie station June 2 and 3. The 
road was opened for freight traffic between Halifax an¢ 
Quebec, June 12, Express passenger trains commence( 
running July 3. 

Great Northern Telegraph Company.—The number of 
despatches transmitted by the Great Northern be | 
Company in the first five months of this year was 266,247 
as compared with 265,106 in the corresponding period o 
1875, 8 an increase of 1141 this year. The revenu 
acquired by the company to May 31 this year was 61,7281, 
as compared with 70,8741. in the corresponding period ¢ 
1875, showing a decrease of 91461. this year. 


American Telegraphy.—The net profits of the Westen 
Union Telegraph Com; for the three months endig 
June $6 this year amousted, according to an official esi- 


“| mate, to 962,891 dols, The interest and sinking fund pr 


Gn qeeatet © the bonded debt of the com amouned 
to 136,576 dols., leaving a balance of 826,315 dols. Of tris 
amount, 200,000 dols. have been devoted to the purchascof 
the of the Southern and Atlantic Telegr@h 
Company. A fu sum of 32,900dols. has been appled 
to the construction of new lines; and after payment of a 
quarterly dividend upon the company’s stock at the rateof 
S 2st cane yet aamtams, emestiantél hplpsine ob 8008 ate 
aoeaiies ae Se oe of the quarter 


seni a as 
of 


m . 
Stengel daa a St 
Sates dealt tice of men erring night and day. ad 
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NOTICE TO AMERICAN SUBSORIBERS. 

We beg to announce that we have appointed Messrs, Miller and 
Smith, 43, Exchange Place, New York, the sole agents for 
ENGINEERING in the United States, and all subscriptions for the 
United States will in future be payable to them. essrs. Miller 
and Smith are also prepared to receive advertisements for 
ENGINEERING, and will afford full information as to terms, &., 
on @ in. 








THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr. Joun Bocart, the 
ered the Society of Civil Engineers at the Cen- 
tennial Ewhibition, will, until the close of that Ex- 
hibition, act as the representative of ENGINEERING, and 
communications relating to editorial matters may be 
addressed to him either at the Society of Civil Engi- 
neers rooms at the Main Building of the Exhibition, or 
at 1100, Girard-street, Philadelphia. 
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THE EXPLOSION ON BOARD THE 
THUNDERER. 

At one o'clock in the afternoon of Friday last, 
July 17,,one of the main boilers of Her Majesty's 
armour-clad turret ship, the Thunderer, exploded. 
There are few of our readers who are not already in 
possession of the general facts of the disaster. It is 
fortunately not our province to draw harrowing pic- 
tures of the sufferings of the poor fellows who are 
the victims. We merey 1999 that the number of 
the injured is 77, and that up to Thursday morning 
38 of them have died, ~ 

Since the loss of the Captain there has been for 
our country no calamity so awful in its immediate 
result, or so portentous of coming evil, The Cap- 
tain capsized, and there was great grief but little 
surprise, for it had been all but predicted of her by 
the constructors of the rest of the Navy. But in 
the present instance a boiler has burst that had no- 
thing experimental in its composition. We cannot 
say this was a water-tube boiler or a cast-iron 
boiler, or even a high-pressure boiler, and different 
from all the other boilers in the Navy ; no, itis a 
common, old-fashioned, reetan boiler, with a 
wet bottom and an inside smokebox, loaded to 301b. 
upon the square inch. The safety valyes were also 
the common yarn o 7 valves, just the same as 
are upon nine-tenths of the boilers in the Navy. It 


is by this lack of distinctive character that th i- 
dent becomes transformed from ah sadesie the 
bursting of a boiler on: board the Thunderer, to be 


the failure of the boiler of the British Navy. If, 
however, the lesson bought by the deaths of these 
poor fellows be rightly read in this light, it will be- 
come of such value to the naval force of the empire that 
the Exchequer may divide the price of a Thunderer 
amongst those who have been now made destitute, and 
still have left a good profit for the country. 

We are, according to the well understood rule, 
forbidden to pass any judgment upon the accident 
until the coroner’s jury shall have given their ver- 
dict. In the mean time, knowing that every one of 
our readers is repeating the Queen’s message, 
‘‘ What caused the dreadful accident?” we will go 
as far as we dare go towards the answer by giving a 
verbal description of what we saw when we accom- 

anied the jury on board the Thunderer on Tuesday 
orenoon. 

The Thunderer is an unrigged turret ship with 
low freeboard. She is not mastless, for she has a 
single mast principally for the look out. There are 
twin screws with independent machinery to each 
propeller. Beginning at the aft engine-room bulk- 
head and looking forward, we have on the starboard 
or right-hand side close to the bulkhead the engines 
for the starboard screw. ‘These engines extend 
past the centre of the vessel a few feet to the port 
side. The other pair of engines for the port pro- 
peller stand forward of the above, and there is left 
a corner at the aft bulkhead on the port side and a 
corner at the fore bulkhead on the starboard side— 
these corner spaces are coal bunkers, 

There are two stokeholes, each containing four 
boilers, Each boiler has four furnaces 3 ft. Qin, 
wide with firebars in three lengths, making 6 ft, 6 in. 
length of firegrate over ends of bars. The boilers 
have wet bottoms and inside uptakes. The four 
uptakes are led to one funnel, and at the base of the 
funnel on the top of the four boilers is a separator 
or superheater formed of two rectangular steam 
chests with horizontal tubes between. 

Standing now at the aft bulkhead of the after 
stokehole and looking forward, we have in the 
middle of the ship attached to the centre of the aft 
portion of the superheater the main steam pipe for 
these four boilers. We see also on the top of each 
of the two aft boilers a steam stop valve ; the pipes 
from these run forward along the tops of the boilers 
clear of the superheater casing to similar stop valve 
boxes similarly situated on the top of the other two 
boilers. The pipes leading from the after boilers 
communicate with the upper portions only of these 
forward stop valves, and that forward stop valve 
which is on the starboard side is the stop valve 
of the exploded boiler. The spindle of this valve 
carries a crank handle on it, and from the small 
space there is between this handle and the stuffing 
> es it is supposed and taken for granted that that 
valve was shut when the explosion occurred. The 
coroner would not allow any one to disturb the 
handle, he wished everything to be left: in statu quo 
until he could obtain the assistance of a skilled en- 
gineer as assessor. Between these forward stop 
valves and the superheater there is at each side a 
short pipe, and on each of these pipes there is a stop 
valve, the stop valve for two boilers, These latter 
stop valves are considered to have been open at the 
time of the explosion. 

Returning in to the aft bulkhead of this 
stokehole, we have on the front of each boiler a 
safety valve chest extending from about the top of 
the smokebox doors to the top of the boiler. The 
connexion to the boiler is by a square branch a 
little lower than the middle of the space between 
the smokebox doors and the crown. On the inside 
there is a pocket of } in. plate extending to within 
a few inches of the crown to get steam only, for 
the safety valves. The waste steam pipes leading 
from these four safety valve boxes are united by 
a casting at the base of the funnel, joining there 
a fifth pipe, a vertical one, the exhaust from the fire 
engines and all terminating in one vertical waste 
steam pipe in the centre of the funnel, The arrange- 
ment in the fore stokehole is similar to the above. 

The safety valve chests contain each two safety 
valves of the common construction, 6 in. in diameter, 
loaded with dead weights to 30 Ib, on the square inch. 
In the four furnaces of one boiler there are 82 square 
feet of firegrate, including more than the usual 
area of dead bearer surface. In the two safety 
valves there are 56 square inches of area, so that there 
is nearly £ths of a square inch per foot of firegrate 
instead of the proportion }in. One of the 





been sufficient to prevent a dangerous accumulation 


of steam. 


valves, ifin working order, ought therefore, to have} i 


Both of the safety valves’ in each box have close - 


bonnets on the top, and one of the spindles seems 
to be continued through a stufling-box on the 
bottom of the box. . Of course this is not the valve 
spindle, it is a separate piece, with a small flange on 
the top of it, clear of point of the spindle, so 
that this can be screwed up and lift that safety valve, 
but it cannot possibly keep it down, or in any way 
increase the weight on the valve. 

The safety valve chest of the exploded boiler is 
lying on the floor plates, one end being broken ; the 
coroner would not allow it to be moved for the pre- 
sent, and no doubt it is of the last importance to 
ascertain with absolute certainty whether these 
valves are in working order or not. The valves are 
of the standard Admiralty design; one of the 
valves, a sealed casket to the engineers, and the 
other one made to be lifted by a screw. 

The whole question seems to centre upon the 
state of the safety valves of the exploded boiler, 
Before that valve box is inspected, all the safety 
valves on the other boilers should be opened up and 
carefully examined in the presence of some of the 
jury. If these are found to be all in working order, 
then, before the other valve box is opened, it might 
be tested, first, by pouring waterinto the chamber 
below the valves, to ascertain whether the valves 
are now quite shut. If they are found to be water- 
tight just now, the orifice by which they were con- 
nected to the boiler, although fractured, might then 
be closed up, and afterwards the hydraulic test ap- 
plied to ascertain whether they are set fast, and at 
what pressure they lift. In removing the cover of 
the valve chest, any obstruction which may be now 
holding the valves might be accidentally removed, 
and the object of the examination would be thereby 
defeated. if any of the other safety valves be found 
set fast, the examination of the valves of the ex- 

loded boiler will become then of less importance, for 
if it be found that these valves are now free in their 
seats, the presumption will still be that, when the 
boiler exploded, they were, like those others, not 
free, and that they have been started only by the 
shock of the explosion. It is by accident that the 
— valve of the exploded boiler was not opened, 
and it would be a strange coincidence if that omis- 
sion had been made only with regard to the only 
boiler that, also by accident, had its safety valves 
fast. The probability is, therefore, that either there 
are others of the safety valves also fast, or that the 
safety valves of the exploded boiler were in working 
order when the explosion occurred. There was a 
steam gauge — each boiler ; the gauge of the ex- 
ploded boiler has not been found yet. The gauge 
onthe opposite boiler seems to be all right—it 
stands now at zero. 

It was the forward starboard boiler in thé after 
stokehole that exploded. Suppose that we are stand- 
ing on the stokehole floor looking up at that boiler, 
before the explosion, Between the top of the smoke- 
box doors and the crown is about 4 ft. ; there is a 
horizontal seam of rivets running from end to end of 
that space: At about 18 in. from the left-hand corner 
there is astrong flat bar stay crossing the stokehole 
just above the smokebox doors ; a few inches to the 
— of this is the second one of a row of short up- 

stays with double nuts on the front plate. 
About 2 ft. 6 in. in length of the lower plate is left 
in its place, and all the rest of the top front is blown 
off, breaking through the stay hole of the second 
stay, and slanting off to the left, then through the 
horizontal seam for about 1 ft. to the angle iron on 
the front corner, Continuous to the right from the 
above sécond stay we have other four similar short 
stays with double nuts, making six of these in that 
row. ‘These four have their nuts entire and undis- 
turbed ; they have drawn bodily through the front 
plate, which is yy in. thick, Further to the right 
we have in two rows ten stays ljin, in diameter 
screwed into the uptake plate, and with nuts on 
the front plate. These have all drawn out of the 
uptake plate, cupping the holes less or more. This 
front plate is quite away from the boiler, and is now 
lying or precariously suspended on débris in front 
of the smokebox and furnace. This plate has turned 
outside in, the outside is now next the boiler, and the 
top edge is now the lower alee 
he front of the uptake, which was stayed to the 
top front plates of the boiler, has been driven back, 
and hollowed the reverse way to what it originally 
was, Thatis, suppose the front top plate only off, we 
would see the uptake convex toward us, but now it 
tor ay ty as it was before convex. ‘The 





is as 
rest of the boiler is uninjured. 
be well stayed, probably to 


The boilers appear to 
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about the usual 5000 Ib. or 6000 Ib. strain upon 
the square inch of stay section. As there is 
always in a new boiler a greater margin of 
strength in the body of a ee ane 
is in any other portion of the boiler structure, 
we accordingly find that, in this nearly new boiler, 
none of the stays have broken. If the accident had 
occurred after some years’ service, it is probable 
that the stays would, many of them, by corrosion, 
have by that time lost the extra margin of strength 
they originally possess, and the fractures would 
have been then some of them through the stays. 
- The vessel, ——< launched in March, 1872, 
has not yet compl her official trials, On Monday 
week the Thunderer went out of Portsmouth harbour, 
where she had been for the last three years, in 
charge of the officials of the Steam Reserve, for a 
preliminary trial of her machinery, On Wednesday, 
with the contractor for the engines and his men 
on board, and a picked company of engineers 
and stokers, she proceeded to e trial of her 
on the.measured mile in Stoke’s Bay. On the 
t run a speed of nearly 15 knots an hour was 
reached with the tide in her favour, but on the 
second run the joint of a feed-pipe leaked badly, and 
in consequence the trial to be postponed. 
Friday was appointed for a new official trial, and 
the ship got under way a little before one o'clock ; 
but in twenty minutes, before the ground was 
reached, and immediately after the word had been 
ae that they might go at what speed the 
iked, the forward starboard boiler in the aft stoke- 
hole exploded. 

Just then Mr. Slade, the chief engineer, and Mr. 
Humphreys, Jun., one of the contractors, were on 
their way to the after stokehole, Mr. Slade had 
taken the direct road, while Mr. Humphreys had 
gone round by the back of the port engines 
to feel the condensers as he . He had 
reached the second condenser and had his hand on 
it, in the fore port corner of the engine-room, when 
the explosion occurred. Mr, Slade had just reached 


the entrance to the stokehole when the blast of the 
steam met him. Mr. Slade was killed, Mr. Hum- 
a oo seriously injured about the face 
and ds, 


* yet to find his way on deck 
himself, Captain Wilson, newly appointed to 
the Thunderer, was also below in the engine-room 
when the explosion occurred ; all lights were extin- 
guished, and the darkness intensified the horror of 
the position. Mr, J. G. Weeks, engineer, stop 
the engines by the main stop valves in the engine- 
room, and then made for the aft stokehole, feelin 
his way in the dark. He came then in contact wi 
the captain, who had lost his way, and directed him 
how to get on deck, while he, as the captain 
himself told us, “dived right into it without 
showing any hesitation; he was indeed a 
plucky fellow.” We hope this bravery and coolness 
of Mr. Weeks will not es either by the 
captain or by the Admiralty. The explosion emptied 
the steam of four boilers into the aft stokehole, but 
until Mr. Weeks courageously shut the main stop 
valves, there were eight boilers upon the poor 
fellows below. But when these boilers were shut 
off the steam soon accumulated in them, and the 
waste steam pipe of the forward stokehole to 
roar ; the noise alarmed the men on deck. were 
afraid of another explosion, and although in conse- 

uence of the steam steering engine having been 

isplaced by the explosion, the vessel was not under 
command of her helm, Captain Wilson decided to 
run the starboard engine to relieve the forward 
boilers, and soon after the men got below to attend 
to the injured. It is not necessary that we give 
particulars of the state in which the poor fellows 
were found, the daily press has already much over- 
done that part of the account. We do not mean 
that they have published what is untrue, but only 
that they have given many details which were not 
necessary. 
Our notes will, we hope, enable our readers to 
comprehend what has ——— on board the Thun- 
derer. -We would gladly have extended our remarks 
in directions in which some of our readers may have 
already anticipated us, but we reserve what we have 
to say until the conclusion of the inquest, which 
stan 


adjourned until Thursday next. 
THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
THe summer mee of the Institution of Me- 
chanical Engineers is year being held at Bir- 
mingham simultaneously with the Show of the Royal 





ped the Royal A 


Agricultural Society, an arrangement which, although 

vantageous perhaps in some om, is certainly 
not without its inconveniences. us, in the first 
place, the mam for “eo accommodation con- 
sequent upon the union o two gatherings are 
greater than Birmingham is capable of responding 
to, while the attractions or requirements of one 
meeting tend to interfere with those of the other. 
For instance, there are amongst the exhibitors at the 
Show many who would like to attend the meetings 
of the Institution if they were not prevented by their 
business engagements, while, on the other hand, 
the programme of the meeting of the Institution is 
such a full one, that no time is given for the members 
to visit the Show of the Royal Agricultural Society. 

The proceedings of the Institution commenced on 
Tuesday last, when a morning meeting was held at 
the Midland Institute, the lecture theatre of which 
had been placed at the disposal of the members, 
After the usual routine business had been disposed 
of, and the President, Mr. Hawksley, had in a few 
introductory remarks excused himself from deliver- 
ing any presidential address, the reading of the 
papers was proceeded with. 


DYNAMOMETERS AND FRICTION BRAKES, 

The first paper read was one ‘‘ On Dynamometers, 
Friction Brakes, and other Testing Apparatus be- 
wee Ey eg the Royal Agricultural Society of Eng- 
land,” by Mr. William E. Rich. Mr. Rich has been 
long associated with Messrs, Eastons and Anderson, 


¥ | the consulting engineers to the Royal Agricultural 


Society, and he has had very considerable practical 
experience in the use of the testing appliances used 
by the Society, so that his paper had a special value. 
We publish the first part of the paper on another 
page, and it will be seen that Mr. Rich not only de- 
scribes the testing appliances used, but also points 
out the defects in the older forms of a tus 
employed. In commencing his paper, too, Mr. Rich 
justly directed attention to the benefits which had 
arisen from the trials carried out by the Royal 
Agricultural Society, and the manner in which full 
publicity is given to the results of those trials. This 
is amatterregarding which{we have several times had 
something to say, and while fully {corroborating the 
remarks of Mr. Rich, it is only right that we should 
take the opportunity of acknowledging the courtesy 
with which information as to the results of the trials 
has at all times been furnished to us by the engineers 
to the Society and their assistants. The trials of 
icultural Society have in fact been 
ublic in the fullest sense of the term, and they 

ve been proportionately beneficial to the makers 
and users of agricultural machinery. 

To return, however, to Mr. Rich’s paper, and the 
discussion upon it. The discussion was opened by 
Mr. F. J. Bramwell, who described how a simple 
friction brake, handy for temporary use, might be 
made by simply placing an ordinary belt over a 
pulley or flywheel hanging a weight to one end, and 
attaching a spring balance to the other. The weight 
is of course to be hung on the rising side of the 

ulley, so that the revolutions of the latter had to 
ift the weight, as shown in Fig. 1, where a is the 
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pulley or flywheel, 4 the weight to be lifted, and c 
the spring ce. Of course the load on the 
engine is equivalent to the weight 4, minus the pull 
of the spring balance, this load acting at the radius of 
the wheel a. If from any cause the grip between 
the wheel and strap becomes too great the weight is 
lifted, the pull of the spring balance rel and 
hence the grip of the belt reduced, or vice versd. 
Mr. Bramwell stated that this arrangement origi- 
Hassomee, Sima, and Head, and that he hed himself 
Ransomes, Sims, an and that he i 

employed it successfully. Mr. Bramwell also re- 
ferred to the wear which takes place in the small 
discs of such integrating arrangements as those used 
in the dynamometers of the Ro cultural 
Society, and described Professor James Thomson's 
arrangement, in which the sliding movement of this 
small disc across the face of the large disc is got 
rid of. This nt will be understood in 





reference to the rough sk Fig. 2, from which it 
= pay oy py Se 


inclined position, a cylinder 4 extending across it, 
but not touching it. Resting on both the disc and 
a is a sphere c, which, by means of a fork not 

own in the sketch, is moved along the cylinder, so 
as to be ata ter or less distance from the centre 
of the large disc. If now the disc be made to rotate, 
the sphere will, by friction, communicate this mo- 
tion to the cylinder, the speed im to the latter 
depending upon the distance of the sphere from the 
centre of the large disc, 

Mr, E, A. Cowper, who spoke next, referred to 
Professor James Thomson’s arrangement, and 
objected that the movement of the sphere being, as 
the latter was, in contact with both large disc and 
cylinder, was not a true rolling motion, and that 
the wear would still take place. He added that he 
himself preferred the arrangement shown by sketch, 
Fig. 3, in which a conical drum a im more or 
less rapid motion to a contact wheel 4 according as 


the latter shifted along it. This arrangement, 
although first proposed by a French engineer, was 
also invented independently many years ago by Mr. 
Henry Chapman, who proposed to employ it on an 
 gpmmey for recording the profile of a road. In 
this case the contact wheel 4 was shifted by a 
pendulum, it occupying a middle position (being in 
contact with the cone at, say, c), when the pendulum 
was upright, and being shifted either one way or 
the other according as the road rose or fell. 

Mr. Cowper was followed by Mr. Arthur Paget, 
who, referring to Professor J. Thomson's arrange- 
ment, remarked that although the sphere might 
wear, yet that this wear did not vary the ratio of 
the motion transmitted from the disc to the cylinder, 
Mr. Darwin then described a proposed arrangement 
of ro dead-weight dynamometer, which we 
could not well explain without the aid of engravings, 
and Mr. Carbutt made an inquiry as to the mg > 4 
of a railway traction dynamometer which Mr. Ri 
mentioned at the end of his paper as having been 
made by Messrs. Eastons and Anderson for use on 
the Indian State Railways. In reply to this Mr. 
Rich briefly described the dynamometer, but stated 
that they had not yet heard the results of its 
working. 

Next came Mr. Aveling, who remarked that 
although the friction brake was sometimes regarded 
by agricultural engine builders as a kind of instru- 
ment of torture, yet that they had the satisfaction 
of knowing that results given by it were trustworthy, 
and therefore so far satisfactory. He added that he 
had for some time taken an interest in organising 
competitions ef agricultural engine drivers, the com- 
peting men driving an engine working a brake with 
a given load, and getting the greatest number of 
revolutions they could out of a given quantity of 
coal. As an instance of ——_ bone was to be 
done by properly training drivers, and encouraging 
them to cares all in fring, &c., he stated that at 
a recent competition the number of revolutions 
obtained by different drivers under the above circum- 
stances varied from 7500 to 17,000. ’ 

Mr. Maw, who spoke next, directed attention to 
the influence of the angles at which the strap in 
the Appold brake leaves the pendulum levers em- 

loyed in that brake to maintain the load constantly 
ifted, and he pointed out that it was desirable that 
the blocks should be so arranged as to. insure the 
two parts of the straps leaving the levers at such 
angles as to produce equal tangential strains in the 
two portions. If this is not done, and the two parts 
of the strap leave the pendulum levers at equal 
angles, then the effective load on the brake is 
less than the nominal load by the amount of the 
ressure exercised by the pendulous adjusting 
evers on their fulcrum. é amount of this 
latter pressure would vary according to the lubri- 
cation of the brake, being greater when the brake 
was well lubricated (as the brake strap would 
then have to be tighter to lift a given load), and 
hence, if the pendulum levers are not properly 
arranged the resistance 0 by the brake would 
be slightly reduced by the lubrication of the brake 
blocks instead of it being maintained constant under 





all circumstances, Mr. Maw addedthatin the large 











Jury 21, 1876.] 


ENGINEERING. 





brake described by Mr. Rich in his paper, and now 
shown at the Loan Exhibition of Scientific Appa- 
ratus at South Kensington, the pendulum levers 
were bent in a manner which ap’ to show that 
it was intended that the two parts of the brake 
straps should leave the levers at different angles. 
The brake in ormage has three pulleys, each 5 ft. 
in diameter and 7 in. wide, and it is stated by Mr. 
Rich to be intended to absorb 100 horse power when 
running at 100 revolutions per minute. If the ag- 
gregate width in inches of the brake pulleys, namely, 
21 in., be multiplied by the velocity in feet per 
minute, and divided by the horse power to be 
taken off, there is got as a result the number 330 ; 
but Mr. Maw stated that he had found brakes diffi- 
cult to keep in good running order if the number 
thus obtained fell below about 700. Of course, 
however, by very careful lubrication, it was possible 
to get greater absorbing power out of a brake more 
than was indicated by this latter number. With 
reference to the influence of the pendulum levers 
alluded to by Mr. Maw, Mr. Cowper said that he 
had directed his attention to this point during the 
Oxford trials in 1870, but that they had then come 
to the conclusion that the error introduced by their 
action was not of sufficient importance to need cor- 
rection. Mr. Rich, in replying to the discussion, 
remarked that he had not before considered the 
effect of the angles at which the straps left the pen- 
dulum levers, but that he might mention that in the 
brake exhibited at South Kensington the arrange- 
ment of the centres on the levers was copied from 
the original design prepared by Mr. Appold, and 
that it was quite possible that Mr. Appold might, 
when designing the brake, have discovered the effect 
of these angles, although the matter had not received 
attention since. 

The Presiflent, Mr. Hawksley, in summing up 
the discussion, remarked that he had doubts as to the 
accuracy of the results obtained by the use of the 
friction brake, as he considered that the action of 
such brakes was affected by the vibrations set up dur- 
ing the working of the apparatus, this vibration 
causing the resistances offered by the brake to be 
decreased. To settle this point he recommended 
thata brake, such as that used by the Royal Agri- 
cultural Society, should be tested by placing it over 
a coal pit and driving it bya pulling weight. The 
power developed by this pulling weight would of 
course be known and the results recorded by the 
brake could be compared with this known quantity. 
These remarks induced Mr. Bramwell to add that 
some discussion he had had with Mr. Hawksley 
had somewhat shaken his faith in brakes, but that 
as regarded the arrangements employed by the 
Royal Agricultural Society, it should be remem- 
bered that of late years the brake tests had been 
supplemented by taking indicator diagrams, and that 
for the most part the indicated horse power thus 
obtained bore to the brake horse power a ratio 
which might be expected under the circumstances. 
Mr. Cowper also remarked that it must be remem- 
bered that on the Royal Agricultural Society’s brake 
trials, the weight on the brake was always fairly 
lifted, and that hence any vibration which existed 
would not affect the ultimate result. Finally, Mr. 
Arthur Paget remarked that while he a; with 
the President that the action of friction brakes 
should be thoroughly investigated and experimented 
upon, yet he did not consider it could be regarded 
as the duty of any private individual to carry out 
such experiments, and he sensibly suggested that 
the matter was one well worthy of being investi- 
one by the Institution of Mechanical Engineers as 
a body. 

MECHANICAL PUDDLING. 

The next paper read was an interesting one on 
mechanical puddling, by Mr. T. R. Crampton. 
Of this paper we publish the first part in the present 
number, and we need not therefore give any abstract 
of it here. In illustration of the results described 
in the Paper, Mr. Crampton showed a most inte- 
resting collection of specimens of iron puddled in 
his furnace, and of steel produced from such iron. 
Amongst these was an armour plate bolt, made from 
Cleveland iron, which had been broken by three 
blows of a ton weight, falling 23 ft. 6 in., these 
blows being applied so as to extend the bolt. Before 
fracture this bolt had extended 50 per cent,, and the 
reduction of area was no less than 70 per cent. The 
samples also included a specimen of boiler plate, 
made from scrap iron, containing 0.87 per cent. of 
phosphorus, puddled in the Crampton furnace, and 
rolled direct without being piled from a 8 cwt. re- 
heated hammered puddled bloom, this plate having 





in it a hole which had been p¥nched in. in diameter, 
and drifted out cold to 1 fin., as well as other 
specimens of Crampton p ates, which had been 
B ed down and then treated with acid, so as to 
evelop the grain. The 
a remarkably fine uniform texture, closely re- 
sembling that of steel and differing greatly from 
the appearance of the best Yorkshire plates rolled 
from piles and similarly treated. the latter 
_— the imperfect welding of the laminze was 
istinctly developed by the action of the acid, 
Excellent specimens of steel — at Crewe by 
the Siemens-Martin process from Cleveland iron 
treated in the Crampton furnace were also shown, 
as was a sample of tin plate rolled from Cleve- 
land iron treated by the Crampton system. We 
have not space here to even enumerate these samples, 
and we can only state that they were of a very 
striking character, and showed clearly the admirable 
result which Mr. Crampton had been able to at- 
tain. It should be stated, too, that the samples 
now shown had not been prepared by Mr. Crampton 
himself, but by various parties who have at different 
times tested the action of the furnace and the quality 
of the products obtained from it, 

The discussion on Mr. Crampton’s paper, al- 
though commenced on Tuesday morning, when it 
was opened by some remarks from Mr. Webb, of 
Crewe, was ultimately adjourned until Wednesday 
morning. As it extended to considerable length, 
and as it is desirable that any report of it should be 
read as a whole, we are compelled to defer giving 
our abstract of it until next week, the demands 
upon our space in our present issue preventing us 
from dealing with it as fully as its importance re- 


uires. 
i The afternoon of Tuesday was devoted by the 
members to a visit to the screw works of Messrs, 
Nettlefold, which were thrown open for their in- 
spection, this being the first time that visitors have 
ever been admitted to these works, The extreme 
ingenuity and efficiency of the machinery employed 
by Messrs. Nettlefold rendered the visit a most 
interesting one, but the demands upon our space in 
this case also compel us to defer our notice. On 
Wednesday, after the discussion of Mr, Crampton’s 
aper had been completed, papers were read ‘‘ On 
‘Carter’s Condenser without Air Pump,” by Mr. 
Preston, and ‘‘ On Frisbie’s Fire Feeder and/Grate,” 
by Mr. Berhard P. Walker, of Birmingham, Of 
both these papers and the discussions upon them, 
we shall speak next week, when we shall also have 
something to say concerning the visit to the Small 
Arms Factory at Small Heath on Wednesday after- 
noon, and the excursion to several collieries and iron 
works yesterday. 





ON MECHANICAL PUDDLING.* 
By Mr. T. Russeit Crampton, of London. 

In introducing this paper to the meeting, the author 
trusts his observations may lead to instructive discussion, 
both with regard to solving the problem of mechanical 
puddling, and to the effect which the substitution of ma- 
chinery for hand labour may have on the future of the iron 
trade ; and he feels that it is a subject eminently fitted for 
the consideration of the members of this Institution, since 
success depends to so great an extent on the application of 
the proper mechanical appliances. 

Puddling, as the members are aware, is the process of 
eliminating certain impurities from cast iron, whereby its 
character is sought to be changed from a hard, unyieldi 
— material, to one of a comparatively soft and ductile 
nature. 

The operation requires considerable intelligence and ex- 
cessive labour, and it is the successful combination of these 
two elements which constitutes the great difficulty, as 
evinced oy the high wages that good puddlers can com- 
mand. The difference in individuals of this class is very 
marked, it being far from uncommon for a bad puddler to 
cause a loss in weight of say 10 per cent. of material, leaving 
a large amount of phosphorus in the iron, which in conse- 
quence is inferior in quality; whilst a good puddler will, 
with the same pig, lose only 5 per cent. or less in weight, 
and succeed in reducing the phosphorus to a greater extent, 

roducing better iron: This is readily accounted for ; the 
ormer neglects his firing and omits to attend to his firebars, 
thus creating an intermittent action, more particularly as 
regards the supply. of oxygen by which the iron becomes 
— or = to ey He also neglects iy or 

mt regularly, so as every particle e iron 
Into immediate contact with the fettling. The good puddler 
on the other hand, by his skill and attention, not only pro- 
duces good iron from ordinary pig, but in some cases from 
bad pig also. Experience has shown that the latter class 
are low and reducing in number daily. Although the re- 
quirements for g puddling are egy: Ase simple, 
manual labour is not to be depended on meager tg > hp $ 
consequently mechanical puddling has been into re- 
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lates thus treated showed | j 


’ | point M and leaving at the highest 


like » but in 
rotary puddled product was the best ; with such 
us, it is presumed, the mechanical engineers 
every mechanical difficulty, if it has not already been ac- 
“ee ; 

several drawings shown are for the purpose of giving 
pr sertcengtt wthowe byet ts , with. 
out entering minutely into their é 

Walker and Warren’s, dated 1853.—The barrel is here 

mie gp 

an 0! at one end, the e@ i 
OO Meudslayren fated” 1858 The puddling 

"8, — puddli or melti 

furnace is a cylinder caused to revolve mall ete 
being defi into the revolving portion in a ith i 
axis, and escaping from the same end. This appears to be 
the first occasion on which the heat has been so directed in 
revolving furnaces. 

Tooth’s, dated 1861.—It comprises a drum revolving on 
a horizontal axis, with an a fireplace at one 
end and a movable fiuepiece at other, which he de- 
scribes as capable of pine more away in any direction 
for the Boy ey of enabling the ball to be extracted, through 
which he gases escape to the chimney. This appears 
to be the first time a movable fluepiece had been proposed 
to serve as a door and flue. 

Also Tooth’s (Yates being associated with him) dated 
1863.—This has the puddling furnace revolving on a vertical 
axis, the flame ing from a fixed fireplace, and deflected, 
as in Maudslay’s, into the revolving portion in a line with 
its axis, and escaping out of the same end or face of the 


Danks’, dated 1869.—T his is similar to Tooth’s ; it revolves 
on a horizontal axis having a fixed fireplace at one end, and 


at the other a movable flue- iece — vy 4 none = 
and for the exi e 


for giving admission to the 
gases to the chimney. 

Sellers’, of Philadelphia, dated October 3, 1871.—This 
puddling furnace revolves on a horizontal axis, the flame 
passing from a fixed into and out of the same end 
or face of the furnace, similar to that shown in Maudslay’s 
and Tooth’s, except that the drum is horizontal, Maudslay’s 
aang Comoe and Tooth’s vertical. When the ball 
has to be discharged, the puddling chamber itself is removed 
from the fireplace or fixed portion of the furnace. 

Siemens’, dated November 5th, 1871, a few weeks later 
than Sellers’. The furnace revolves on a horizontal axis ; 
the flame is described as passing into it from a regenerative 
gee aj aay —_ out * ——— ong or —_ grote | 

audslay’s, ’s, an ers’, a door being 
at the opposite end for withdrawing the ball. 

Crampton’s Dust-Fuel Furnace,* dated 1872 and 1873. 
—A is a single revolving chamber which is made to rotate 
by any well-known means; the speed can be adjusted to 
a velocity up to r / 10 revolutions per minute. Bis the 
ractory lining. C C the wheels on which the furnace re- 
volves. the movable flue-piece lined with suitable re- 
fractory material capable of being removed when access to 
the furnace is required. In the case shown in the diagram 
the “age 5 2 is resting upon three wheels which run on iron 
rails. dd are screws on the axles of the wheels for keeping 
the'flue-piece against the furnace. F is an opening in the 
movable flue-piece through which the air and fuel are in- 
jected. G! is the pipe through which regulated streams of 
air flow, and which conveys the fuel from the coal reservoir 
to the furnace A through the nozzle G. gg are several 
divisions in the bend ot the injection pipe for the purpose of 
reventing the fuel and air separating on passing the bend. 
Hi the double-way cock for the admission and exit of the 
water to the double casing. The flow of water is shown by 
arrows. The water enters at I, passes into the pipe J, and 
is delivered at the end K into the casing, circulating through 
the whole casing and making its exit at the end of the pipe 
L, thence through the pi | to the cock H, leaving it by 
the pipe N. The water is then conducted by the pipe N to 
the flue-piece, entering through a flexible pipe at the lowest 
int at V. OO are 
the wees joints of the furnace and flue directly in con- 
tact with the water casing. Tis the opening in the fiue- 
piece for the exit of the products of combustion into the 
chimney U, where pan, bg be utilised in producing steam 
or heating the air, or both. 

Coal Feeder.—The coal, which is ground and sifted by 
any well-known means, is brought into a tank W by a screw 
or creeper. In order that the po coal may not clog, 
stirrers X are used, which serve also to bring the coal from 
the tank to the feed rollers YY. The opening from the 
tank as required by a slidi 

ted with ihe sieht - re 
wi e grea accuracy a 
lever and screw Z. ‘Two scrapers a a clear the roller. The 
coal falls into a shoot b to the air pipe G', into which it is 


induced by the current of air traversing it. 

It will be seen that the horizontal drum system in all the 
above cases, provided with separate fireplace (see drawings) 
operates on the metal in a similar manner. 

The mechanical rabble was suggested at an early 
date ; it consists y in substituting for 


working the i rabble instead of manual la’ 
thereby redocing the hard work. The drawing shows the 
rabble operated upon by any convenient mechanical means. 





* This furnace was fully described by us in our eighteenth 
volume (vide page 82), and a reference to the engravings 
there given will enable the description in Mr. Crampton’s 





paper to be readily followed.—Eb. E. 
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This system, however perfect it may be, leaves the hand 
work of balling up untouched, and therefore can be 
expected to be as useful as the revolving drum system, 
which oes = ay aaa labour. iin 
The principle o e sonleitg guiting system, as 
introduced by Walker and Warren in 1 ten been vei 
generally followed by others in their endeayours to wor 


out the problem. . : 

Tooth’s descriptions and specification can scarcely be 

read without arriving at the conclusion that he at avery 
early period had e himself acquainted with the difli- 
culties of the subject; he, however, from various causes 
failed to reduce his views to practice. He fully understood 
the importance of the fettling question, «we the furnace 
free from extremes of heat and cold. e refers to the 
movable fiue-piece, a very simple device, as a means of ob- 
taining access to the working chamber. Maudslay and 
Tooth were, it appears, the first to su t the introduction 
of the flame from the fire or gas P ucing chamber into 
and out of the same end of the revolving puddling chamber. 
Tooth had evidently expended much time ‘and thought on 
this important question, but in adopting the revolving 
barrel of Walker and Warren he does not appear to have 
attacied very great importance to the necessity of pro- 
viding mechanical means for producing with certainty the 
requisite volume and quality of heat, upon which so much 
depends; he, like many of his successors, directed his 
attention more especially to the economising of labour. 
Mr. Menelaus contributed much to the success of me- 
chanical puddling ; his extensive experiments, although not 
successful, taught not what to do, which is the next best to 
telling what to do. 
Without entering into detail of the numerous plans pro- 
posed previous to the author’s single-chamber dust-fuel 
system, it will be sufficient to remark that they may all 
be classed under two kinds : the one, in which the puddling 
is effected by the revolving of cylinders placed at various 
angles, containing the melted iron to be operated on; the 
other, providing mechanical means for working the rabble 
in the ordinary puddling chamber. 

The application of machinery to the ordinary rabble is 
dgubtless a ap in the right direction, but the labour saved 
is comparatively small, since it only relieves the rabbler 
from a portion of his work, whilst the forehand has still to 
perform the arduous operation of balling up. : 

The weight of the charge may be increased, but it must 
always be limited a power of the forehand to ball it 
up. The heavier the charge the greater the labour, the 
production of gases and heat, and attention generally to the 

rocess being in no way lessened ; it follows, therefore, 
that a portion of the a tt only can be saved by the me- 
chanical rabble, and any improvements in other respects in 
working or heating the furnace are equally applicable to 
the ordinary furnace. 

The revolving system, on the other hand, when heated 
by gases produced in a separate chamber, enables immense 
masses to be heated with facility, reducing the labour to a 
minimum ; but equal intelligence is necessary in attending 
to the regular production, utilisation, and combustion of 
the gases, and in preventing the coal passing from the fire 
chamber into the iron in the puddling chamber. Some 
attach more importance to these points than to efficient or 
perfect rabbling. 

It may be observed that, when gas is produced and con- 
veyed from a distance, the coal does not enter the puddling 
chamber, which is an advantage ; but in this case also con- 
siderable intelligence is necessary in producing and regu- 
lating the supply of the gases and air. 

Attention may be directed to Sellers’ furnace. The flame 
enters and leaves at the same -end, in the direction of the 
axis of the furnace, the same in principle as that of Mauds- 
lay’s and Tooth’s. Sellers describes many ingenious 
devices for removing the revolving furnace from the fire- 

lace when access to it is required ; but the simple plan of 

‘ooth for shifting the flue-piece would appear to be better 
adapted to the rough usage to which it would be subjected 
in iron works. 

If the views here expressed be correct, it follows that the 
revolving system referred to, with separate heat-producing 
chambers, can puddle large masses efficiently without 
severe manual labour, but still requiring as much in- 
telligence in attending to the quality of the flame as in 
the old system. 

In the autho?’s furnace, where the firing is done mecha- 
nically, little skill and no exhaustive labour are required. 

The fuel, in a state of powder, is automatically mixed in 
proper proportions with air, and injected into the furnace, 
where it is consumed immediately in contact with the work 
under treatment, no coal falling into the iron. This cannot 
fail to be an economical mode of proceeding; the heat is 
not only more intense than when produced and conveyed 
from a separate chamber, but the fel used in heating the 
ordinary fireplace is entirely saved. The fuel consumed in 
heating iron does not depend so much on the weight of the 
iron under treatment as on the cubic capacity of the 
chambers heated, the loss of heat by radiation being very 
considerable in all those parts of furnaces where the gases 
are generated outside the working chamber. Inspecting 
the several drawings, it will be seen that the whole of the 
usual brickwork is disp i with ; 1 ly there is no 
loss in this respect. 

The value of perfect mg of the flame will be appre- 
ciated, as in practical working little if any jloss\by oxida- 
tion is oy oer in _ weight of the ball as aengeme with 
the pig e . a » after being ready to be dis- 
pel | is allowed to remain for two hours in the furnace 
without reducing the heat, it is rarely the wrought iron 

ced is of less weight than the pig iron cha: 

The furnace has produced from 95 to 104 of finished 2} 

uare bars, such as are shown bent double cold, from 100 

inferior pig, the ing reheated, rehammered, 
wash-heated, and rolled off. In the case where the fettling 
was weighed, 98 per cent. of bars, treated as above, were 





roduced, from 100 of pig iron, using 8 cwt. of fettling to 
the ton. Although these results were obtained in the ordi- 
nary wor of oy a they must not pF neo as tine 
average result. It is to this peculiar power of regulat 
the dust-fuel and air that such good results are mainly 
due. 
Assuming that efficient machinery.has been devised, 
capable of effecting the object, the weight of the masses 
operated upon is of little importance, and charges of 10, 
15, or 20 ewt., or. more, can easily be puddled in one piece, 
limited only by the means for subsequent manipulation of 
the ball. 

It must be evident that in the ordinary course of manu- 
facture by the piling system, as each layer contains a por- 
tion of dirt or cinder, it becomes wrapped up in the welded 
mass; this in practical working cannot be avoided, and 
is entirely obviated when large puddle balls are properly 
treated. 

Many think piling the better process, for the reason that 
the ekill of the puddler can be brought to bear on small 
portions of the mass, and on the principle that a combina- 
tion of a number of rts must necessarily make a 
good whole; but it is the author’s object to show that the 
material obtained from large homogeneous masses is superior 
in every respect. 

Again, the quality is further improved from the more, 
effective puddling of the revolving barrel, and the conse- 
quent better abstraction of phosphorus and other impurities, 
so much so, that iron equal to the best Yorkshire brands 
been made from common Cleveland pig. The specimens 
shown are the result of practical working, not samples 
made for a purpose. This system therefore admits of large 
articles, such as rails, plates, &c., being manufactured in 
one solid piece, without incurring the same risk of flaws 
arising from the welding of the piles. , 

If the mechanical arrangements of the furnace involve 
great wear and tear, and constant supervision and anxiety 
on the part of the managers, foremen, and men immediately 
connected with it, mechanical puddling will have to be 
abandoned, at least for general purposes, however good the 
iron produced may be. 

(To be continued.) 








DYNAMOMETERS AND BRAKES. 

On Dynamometers, Friction Brakes, and other Testing 
Apparatus belonging to the Royal Agricultural Society 
of | En gland.* 

By Mr. Wruiu1AmM E. Ric, of London. 

Tue concurrence of the summer meetings of the Institu- 

tion of Mechanical Engineers, and the Royal Agricultural 
Society, at Birmingham this year, in the same week, affords 
a fitting opportunity for laying before this Institution a 
description of the most important instruments and testing 
apparatus belonging to the above Society ; a valuable col- 
lection of apparatus, which the writer thinks well worth 
the attention of this Institution. 
At starting he thinks it right to claim from his fellow 
members a due recognition of the immense debt which en- 
gineers and iculturists, all over the world, owe to the 
Royal Agricultural Society for the admirable series of 
engine and implement trials which it has carried on 
annually with so much spirit and perseverance for the last 
thirty years. No other public body has ever done so much, 
or spent so much, on trials of machinery of any kind ; and 
it would be well if other societies or Government depart- 
ments would only consider the wonderful effects which these 
trials have had in improving agricultural machinery, and 
would try to emulate the Society in other branches of me- 
chanical industry. 

What was the portable engine thirty years ago?—and 
what is it now ? when the city of Lincoln alone is said to 
turn out two thousand of them in one year; and two dif- 
ferent firms can produce competing engines, which run a 
dead heat of over five hours, with a consumption of 2.88 Ib. 
of Welsh coal per actual brake horse power per hour. No 
one will deny that this degree of perfection is largely due 
to the publicity and thoroughness of the Society’s trials ; 
and one cannot but reflect on the numerous benefits which 
the English Admiralty authorities would confer on marine 
engineers and the commerce of the world, if they occa- 
sionally made equally exhaustive and careful trials with 
marine Poor voli different types, and published the results 
in extenso, as the Agricultural Society invariably does. 

The more important instruments belonging to the Society 
may be classed under three heads, viz. : 

1. Traction dynamometers, for measuring the draughts 
of implements and vehicles, drawn by horses or other- 
wise. 

2. Friction brakes, for absorbing the power developed by 

steam engines, and other prime movers, by uniform fric- 

tional resistances ; and 

8. What are commonly called rotary dynamometers, 

which register the amounts of power that must be trans- 

mitted to various machines from external sources, in order 
to work them. 

1. Traction Dynamometers.— Spring Links.—The oldest 

draught testing instruments belonging to the Society are 

spring links or dial balances, analogous to the balances 
now made in such large numbers by Messrs. Salter, but 
inferior to their best productions. One of these instru- 
ments is shown on the table. The spring is an elongated 
flat steel link, through which the strain transmitted to any 

implement is passed by pulling on its ends in opposite di- 

rections, thus increasing its length and decreasing its width. 

The variation of shape moves the index hand, by means of 

levers, and the oscillations of the spring and this hand are 

reduced by means of an oil cylinder. 

It is apparent at once that the divisions on the dial can- 
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not obey Hook’s law of the distances travelled 
the , and it is to determine all 

actual experiment. Ano the springs seem lable to 
twisting influences, proba’ ea 
points at the ends at which t are applied, and this, 
combined with a little wear of the pins in the lever, seriously 
affects the uniformity of action of the index needles. 

The resistances of implements drawn by horses are very 
irregular and jerky, so that it is extremely difficult to read 
the mean draught on an instrument such as this with any 
mage of accuracy, and for many years past these spring 

have rarely been used, but have in general been 
superseded by integrating traction dynamometers, 
he Plough Dynamometer.—The first of these is now 
before the meeting, and was made in the year 1856, more 
especially for testing |ploughs, cultivators, and other field 
implements drawn by horses, and it has proved itself to be 
avery valuable instrument for such duties. It has been 
reproduced for the Imperial Museum, Berlin, the Ballarat 
Agricultural Society, and the Chilian Exhibition Com- 
missioners. It consists of a light low-lying wrought-iron 
frame, mounted on four wheels, three of these being sup- 
ported on axles adjustable vertically and horizontally with 
clamps on the frame, exactly as in wheel ploughs, while 
the fourth wheel, which is , is adjustable on the arc 
of acircle, and drives the s mechanism by means of a 
pitch chain and wheels. 
The object of the vertical adjustments of the wheels is to 


has | permit one or two wheels to run in a furrow of any depth, 


while the others run on the unploughed surface. ral] 
when in action the small neon on the driving side is lif 
up altogether, to insure that the traversing wheel shall 

ways preserve its contact and driving power. By means 
of the pitch chain, the shaft with the large gun-meta] disc 
at oneend of it, and the paper drum worked by a worm 
and wheel from the shaft, are driven at speeds proportional 
to the actual speed of the implement as measured on the 
traversing wheel. They can, however, be disconnected at 
will by means of the clutch and handle. 

The drum is arranged to receive one sheet of paper, 
wound round it as in a steam engine indicator, and a pencil 
attached to the frame is pressed against the paper by a 
spring, to draw a stright zero line on the paper as the 
drum revolves. On the end of the drum a distance jindex 
is engaged, one revolution giving about 200 yards travel in 
the instruments for English use. The drum and this index 
can, if desired, be disconnected without stopping the rest 
of the working parts, by slacking back the screw at the 
end of thedrum. The several elements of the a tus 
so far described all move with speeds proportioned to that 
of the instrument in travelling along the —— 

The horses employed for drawing the dynamometer 
are attached by eee to the main frame and car- 
riage at its front end, and the implement to be tested is 
attached to the hook at the back end of the drawbar. 
This whar is attached to the oil cylinder or dashpot 
at its front end, and a piston and piston rod in this 
cylinder attached to the extreme front of the carriage 
assist in supporting it. The w is further sup- 
ported by the three cross frames of the carriage through 
which it passes. Two spiral springs embrace it, one resting 
between the centre frame and 'the cheese-head, which is 
pinned to the bar in front of it, and the second is similarly 

laced in front of the rear frame. From the drawbar at its 
k end rises a vertical crosshead, to which a horizontal 
bar is bolted. 

This bar passes back through two of the cross frames, 
and in front of the disc, and it is moanted with head- 
stocks which support the ends of a delicately-fitted shaft, on 
which a small brass disc is keyed or soldered, in such a 
position that when the instrument is unloaded it shall touch 
the large disc exactly at its centre. This small disc, gene- 
rally about 14 in. in diameter, is called the in ting disc, 
and by means of its shaft, and a short piece of india-rubber 
tube forming a universal coupling, it works the small 
counter at the back end of the bar. This counter is called 
the airing — The 4 oe it front end carries 
a pencil in a light spring, whic’ it against the 
surface of the paper drum. The oe dive is pressed 
against the edge of the small one by means of a spring con- 
tained in the hollow shaft which carries it. 

It will be seen that the revelutions made by the large 
disc in any time must be proportional to the distance 
traversed in that time, as measured by the traverse wheel 
which drives the disc. It is Saou that the pull of 
any implement, applied to the draw will compress the 
springs to an extent proportioned to the pull applied, and 
will move the small disc across the face of the disc to 
the same extent. If the edge of the disc is ly touch- 
ing the centre of the large disc when the springs are un- 
loaded but not slack, the distance of the small disc from the 
centre of the large will also vary directly as the strain, and 
the velocity ratio of the discs will therefore vary in the 
same proportion. 

It papeees then that the number of revolutions of the 
small dise in any experiment will de rtly upon the 
distance travelled, as measured by the revolutions of the 
large disc which drives it, and partly upon the pull of 
the implement which draws it away from the centre of the 
1 isc, and increases its revolutions per revolution of 
the large disc in direct proportion to the strain. It can be 
further shown that the number of revolutions of the small 
disc, multiplied by a constant co-efficient, is equal to the 


distance run, multiplied by the , that is, in other words, 
the foot-pounds of work done. For let 

P=pnli of implement, in pounds. 

d=distance run, in feet. 

N=number of revolutions of lane disc. 

n=number of revolutions of s integrating disc, as re- 


co! on counter. 


Then the distance run d@ can be 
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ted _as equal to 
AM, whee A i 8 cotsianh; and the pull P can be re- 
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presented as equal to BS where B is a constant, and 


x is the velocity ratio of the small to the large disc. 
That is: 


d=AN 
P=B” 
N 


Therefore foot-pounds of work done=dxP=A N xB y 


=ABn. 
A and B being both constants, pnt CAB; then 
dxP=Cn, 


and C —@XP, Also the mean draught p=" ‘ 


n 

When the set of springs and the instrument generally are 
in good adjustment, the constant C is the only coefficient 
required for dealing with results obtained in experiments 
with it. Each set of springs has its own constant C, and 
though it is possible to calculate its value approximately 
when the range of the springs with any load is known, it is 
always highly preferable to determine its value for rw 
springs by direct experiment as soon as they are fitted, 
and occasionally afterwards, as sometimes they take 
a permanent set under strain, and the diameter of the 
small disc is liable to wear less, and it then becomes 


flattened transversely on its touching ed 

A pair of springs is best tested as follows. The weight 
of the draught bar, with its hook, crosshead, parallel bar, 
oil cylinder, and anything else moving with it must first be 
weighed, and the weight of the springs must also be deter- 
mined. The dismantled parts must then be put together 
again, and the instrument being placed horizontally, ‘the 
springs must be adjusted so that when there is no pull on 
the draught bar, they are both held lightly between the 
cheese-heads at their ends, but perfectly free either from 
compression or slackness. All working parts should be 
examined to see that they can work freely, and they should 
be well oiled. Any oil in the oil cylinder should however 
be removed. Next the small disc must be adjusted till its 
edge touches the exact centre, both longitudinally and 
vertically, of the large disc. A practical check on this 
position 1s that the small disc should remain stationary 
when the large disc revolves. 

To obviate the effects of friction of the draw bars and 
other parts in their bearings, it is well to push the bar and 
springs gently over in each direction, then release them and 
note the exact extreme positions which the integrating disc 
and pencil will assume afer recoiling. The disc and pencil 
should then be carefully placed in the mean positions be- 
tween these extremes to determine their truly neutral points. 
If this is right or left of the large disc centre, the small disc 
with its bearings alone should be moved through the re- 

uired distance to set it right on the large disc, without 
disturbing the draught bar and its ings again. 

The instrament must now be suspended front end upper- 
most toa crane or otherwise, and the draught bar being 
nearly vertical, known weights should be hung on to the 
draught hook. The effective weighton the springs W will 
then‘equal,the|known weight applied, together with the weight 
of the moving parts above determined, and half the weight 
of the springs. : 

The distance and integrating counters must now be set 
to zero, and the traversing wheel must be turned round till 
any determined distance, say 50 yards, is registered on the 
counter. The integrating counter register must then be 
noted, and the experiment should be repeated three or four 
times, shaking the draught bar up and down between each 
experiment. After this, two or three greater weights 
should be applied successively, and the instrument tested 
with each as before. The mean results of the experiments 
with each load should be tabulated. In a Bs poe | ad- 
justed instrument, with perfect springs, C could readily be 
determined from any one set of such experiments, for if 

W=effective load, 
d= distance in feet, 
and n=register of integrating counter, 


the foot-pounds of work done W d must=C n and C= 


should be uniform whatever the load applied. 

In practice, however, C thus determined is never exactly 
the same for the different loads, but if the determinations 
do not differ much, it is better to take a mean of the 
several values of C for use. 

Frequently however, in this and some other similar in- 
struments, the values of C thus defined are so ae 
that a correction is at once seen to be necessary. Really the 
figures read from the integrating counter in such cases do 
not vary as the pull multiplied by the distance, but every 
reading wants an addition or subtraction, varying with the 
distance only, to make them proportional to one another. 
The most freoaent cause of this a is the springs 
being under some compression when the sana dise is centred 
on the large one, and then a quantity k d (where k is a con- 
stant and d the distance in feet) must be added to every 
reading before itis multiplied by C to get the total foot-pounds 
of work ; and the reason for this is apparent, for the small 
disc will not begin to move from the centre of the large 
disc, and its counter will therefore not register anything, 
till the pull exceeds the initial compression of the springs, 
and successive readings for successive pulls cannot therefore 
be yroneriional to one another till an addition is made to 
each, depending on the smallest pull, which begins to 
register by moving the disc. 

A similar correction is necessary in many other instru- 
ments of the same type as this, and sometimes may 
caused by friction of bearings or slackness of joints, when 
the pork disc is adjusted to its zero; in that case generally 
the correction must be subtracted from instead of added to 
each reading. It should therefore be watched for in testing 
all such implemeuts, and that being the case, the write 


wa 
n 





thinks it desirable to describe a ready method of detecting 
it graphically. He first noticed the necessity for this cor- 
rection at some double-furrow plough trials at Caistor, 
Lincolnshire, in 1870, when ing the dynamometer in the 
field. In great perplexity to make successive tests accord 
with one another, he luce! had recourse to one of the 
engineer’s best friends, a diagram, and at once found a 
straight line passing through all the ordinates representing 
his tests, but far below the origin O. 

The successive weights having been applied as described 
above, and means taken of the counter records for given 
distances, those mean results should be divided by the dis- 


tance in feet in each case, to get the index per foot run for | dia, 


each load. Let n,n',n‘’, n'’, represent these means as 








| 
ye 
“| 


ordinates on the diagram, the corresponding absciss» 
Ow, Ow!, Ow", Ow”, representing the correspondin 
loads on any convenient scale ; draw the straight line whic 
will most near] ng through all the points so obtained, 
as HL, then if. this line will also pass through O, the in- 
strument is in perfect adjustment, and C = we Gene- 


rally, however, in this instrument, this line passes below 
O: then let S and T mark its intersections with the axes 
OX and OY; then OS measured with the load scale will 
give the comprehensive strain on the springs when the 
small disc is at zero, and O T, on the same scale as n, gives 
the amount which must be added to each counter reading 
per yard run to give results proportional to one another, 
and this must be determined before C can be calculated 
When the irregularity is due to looseness of joints, 
the line will generally cross O Y above O, then the 
correction must be similarly subtracted, instead of add- 


ing it. 

Dattin k for the quantity represented by O T, then 
Total foot-pounds of work—C x corrected index, that is 
W d=C (nk d) 
in which W represents any load, and n the corresponding 
ordinate to the line which most nearly cuts through all the 

ordinates determined by —_ Therefore 

? n+ka’ 
and the mean draught P, which is the equivalent of W in 
all experiments with the springs in question, is 


PC= (*=**). 


In experiments on the draughts of ploughs, &c., with 
this dynamometer, care must be taken that the traversin 
wheel B is always on the ground, and the instrument leve 
both longitudinally and transversely, otherwise part of the 
weight of the implement is added to the direct component of 
draught. The draught chains between the dynamometer 
and the {implement should also be as direct as possible. 
The adjustments for height are easily made’ by raising or 
lowering two of the oaeeln and by means of the clamps, 
after raising the third off the ground altogether, and 
placing the traverse wheel at a convenient height consider- 
—— depth of the furrow. 

he writer has found it desirable with this and other 
pot ee peer in testing each implement, to take two runs 
of about equal length in opposite Tirestlons, adjusting both 
counters to zero before the first run, and noting their 
registers after each run. The results are determined from 
the means of both runs. This precaution avoids risks of 
error from — inclinations of ground, and gives imme- 
diately a ready check on clerical and instrumental errors, 
which are liable to creep in, unless specially guarded 
against, in the bustle and confusion of carrying out com- 
irs trials ina crowd of interested spectators. 
esirable on such occasions to have an assistant at hand, to 
check the setting of the counters to zero, and the taking of 
all figures from them, as well as the tabulated records and 
all calculations from them. 

All distances recorded should be taken from the distance 
scale or counter, and not from measurements in the field, as 
the traverse wheel may alter its effective diameter by clogg- 
ing, or might stop temporarily. The following is a simple 
and systematic sequence for tabulating results : 


N 





Distance registered eee d 
Index registered n 
Index per foot run - 
Corrected ,, ian on on otk 
Foot-pounds per foot run, that _ o(2 +k 
also draught in pounds _... a : 


The paper cylinder with its belongings, referred to in the 
description of this instrument, enables diagrams of the 
strains and variations of strain to be taken during trials 
a, The paper being wound tight on the drum 
and secured, the zero pa must be first adjusted to mark 
clearly and steadily, then the springs being unloaded, and 
the integrating dise at zero, the strain pencil must be ad- 
justed to mark the cylinder on exactly the same line as the 
zero pencil, 


It is 





When the instrument is started, a diagram is produced 


J] 
of which the zero line forms the 
notes distances on the same as distance) index, 
and the ordinates show the strains on a scale of loads de- 
termined from the. springs. It is manifest that when a 
correction is necessary in the integration results, a similarly 
corrected base line should be drawn on the di pro- 
duced. As a Be ovo of fact, the writer has found the 
diagrams so produced to be so j in outline as to 
comparatively valueless, as ‘it would be impossible to de- 
termine the mean draught lines from them with any degree 
of precision, consequently he has seldom recourse to the 
ms, which very much hinder experiments, in recent 
ials with this dynamometer. 


(To be continued.) 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Settlement of a Miners’ Strihe-—The dispute, of very 
old standing, at the Manver’s Main Colliery, near Swinton, 
was yesterday settled by the men accepting a new price list, 
under which they to a reduction of rather over 10 
per cent. The pit is now to be worked on the long wall 
system in place of that hitherto in vogue in the district. 
About 600 men had been ont for over three months.: Seven 
hundred miners are still out on strike at the Edmunds and 
Swaithe Main pits owing to the substitution of wedging for 
blasting since the great explosion there, and the changes in 
the rates of payment consequent therefrom. 


Proposed New Railway to London from South Yorkshire. 
—It is again reported that a scheme.is on foot for the con- 
struction of a totally new and independent line of railway 
from the Yorkshire coal and iron districts to the metropolis. 
Mr. Hamilton Fulton is the engineer, and his estimate of 
the probable cost of the proposed undertaking is. set down 
at 4,775,0001. The line is stated to have been surveyed in 
the interests of the iron and coalowners of this district, the 
colliery pein, being of opinion that as soon as the 
Great Northern extensions into Derbyshire are completed 
their interests may suffer, 


Chesterfield and Derbyshire Institute of Engineers.—At 
a general meeting of the members of this Institute held at 
Chesterfield on Saturday, the following list of new members 
was pone be Mr. W. Howard, the secretary: Thomas 
Bayley, master, the Park, Nottingham; Arthur L. 
Cammell, ironmaster, Norton Hall, Sheffield; William 
Field Cowen, certificated ma r, Molyneux Coiliery, near 
Mansfield ; Joseph Cunliffe, colliery manager, Hawkesbury 
Collieries, near Coventry ; Josias Dobison, colliery manager, 
Atherstone, Warwickshire ; !Thomas Potter, Jun., Digby 
aw a ; — irr Bye surveyor, 

awkesbury iery, near Coventry ; an ius, engineer’s 
assistant, 2, Abercrombie-strect, Chesterfield. - Discussions 
next took place on the following papers: ‘‘ A New Descri 
tion of Ventilating Fan’’ (Mr. A. H. Stokes); ‘‘On the 
Evaporative Power of Lancashire Boilers’ (Mr. J. A. 
Longden) ; ‘‘On the Advantages of a Sectional over every 
other Class of Boiler’? (Mr. R. A Marshall) ; and ‘‘ On the 
Liernur System of Drainage and Treatment of Sewage’’ 
(Mr. A. F. Painter). 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 
MIDDLESBROUGH, Wednesday. 

The Iron Market.—The attendance on ’Change yester- 
day was good, but no real business was done, a general 
feeling of distrust prevailing, which had been luced by 
the rumours in circulation relative to the financial con- 
dition of the district. A telegram which was posted to 
the effect that large numbers of bank notes had sent 
from London to the iron district in view of anticipated 
failures, was taken to apply. to this locality, and much 
gossip was indulged in relative to the stability of various 

rms. The intensity of the crisis was much e erated, 
and the alarmist reports which were put forth undonbtedl 
did much harm to yesterday’s market, for no one woul 
enter into any contracts. Undoubtedly pig iron making 
cannot be carried on at a profit by many firms where 
present selling prices are accepted, and it is only to be 
expected that one or two will succumb. The district has 
hitherto withstood the depression very well, and what was 
es panic need not have been created because one 
firm called its creditors together. The demand for the 
higher qualities of pig iron is excellent, indeed makers 
cannot meet it, and prices are accordingly better. Germany 
is taking a considerable quantity, pa Scotland also buys 
largely. The price of No. 3 this week may be put at 46s. 
net per ton. Forge iron is a drug upon the market, and 
its value has had to be reduced to 42s. per ton for No. 4. 
The reduction of wages takes effect next week, and it is 
believed that the men will offer no opposition to its en- 
foreement. Up to the present time they have not given 
any notice that they will not accept it. 

The Finished Iron Trade.—In all departments increased 
‘depression prevails, and the works are less fully occupied 
every week, men having to be paid off regularly. The rail 
trade showed signs of improvement a — ago, but it 
is in as bad as ever, in consequence of the high prices 
which manufacturers feel com: to ask. Besides this, 
iron rails are not so much required now that steel rails are 
not much dearer, and last considerably longer. 


Ironfounding.—The foundries continue actively employed, 
a month ago. 


base, the abscisse de- 
thé ; 














of but they are not so well occupied as they were 


Still there is‘no cause for complaint, and orders are on the 

books sufficient to keep the works going for some time to 

come, 

| LGags ans Salvia pits are rather a fully employed, 
demand for some descriptions is satisfactory 

Steam fuel is in the most request. : 
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AUTOMATIC FEEDER FOR THRASHING MACHINE AT THE BIRMINGHAM SHOW. 
CONSTRUCTED BY MESSRS. MARSHALL, SONS, AND COMPANY, ENGINEERS, GAINSBOROUGH. 





Tue apparatus which we illustrate above has been de- 
signed by Messrs. Marshall, Sons, and Co., of Gainsborough, 
to cut the bands of sheaves and feed them into the thrashing 
machine by mechanical means, and it is now being exhibited 
by them in action at the Birmingham Show of the 
Royal Agricultural Society. In the views given Fig. 1 
represents a side elevation, and Fig. 2 an end elevation of 
the apparatus. 

The mode of working is as follows :— 

The feed board A is fitted with a second board B, hinged 
at one edge, and held up a short distance from the lower 
board by a spiral spring C. Under the main feed board 
and projecting through it are fixed three revolving steel 
discs with serrated edges, marked d 1, d 2, and d 3 ; these 
run in opposite directions and overlap each other; revolving 
motion is communicated to these discs from the other 
mechanism. The attendant picks up the sheaves with an 
ordinary fork, or otherwise, and drops them on the lower 
edge of the upper board; the weight of the sheaf com- 
presses the spiral spring C, and thus allows the band of the 
sheaf to come in contact with the then projecting revolving 
discs; these cut the band, and allow the sheaf to fall 
forward on to the lower board A, when it is carried on to 
the feeder by means of the revolving prongs ¢. 

When the feeder is required to work on loose grain that 
is not bound into sheaves the belt driving the disc spindles 
is taken off, and the upper board B is fixed in its highest 
position by means of the handle and screw f, and thus 
becomes a rigid platform for the grain to pass over. 

The feeder consists of a revolving toothed barrel g, over 
which work a set of adjustable oscillating prongs /; over 
the feeder is placed a light sheet-iron hood i, held up by 
spiral springs j. Any one falling over the apparatus de- 
presses this hood, which thus protects the cutting discs. 
An arrangement is also made for holding down the hood, in 
the position shown by dotted lines, when the machine is not 
working. 

By the use of this apparatus a saving of at least one hand 
8 effected in the band-cutting ; the work is also much easier 
for the attendant, and it to a great extent dispenses with the 
necessary skill which is requisite in the feeding of machines 
by manual labour; it also insures much greater regularity 
in the distribution of the grain to the drum, thereby en- 
abling a much larger amount of work to be done in a more 
satisfactory manner, The arrangement is also very simple, 
there being nothing about it likely to give trouble. 


THE AMERICAN STEAMSHIP LINE, 

Tue hulls and engines of the American Steamship Com- 
pany’s four vessels—the Pennsylvania, Ohio, Indiana, and 
Illinois, were designed and built by the W. Cramp and 
Sons’ Ship and Engine Building Company, Philadelphia, 
and are all of the same model and plan. 

The Pennsylvania commenced running between Phila- 
delphia and Liverpool in May, 1873, and was followed by 
the Ohio in August, the Indiana in October following, and 
by the Illinois in January, 1874, since which time all have 
been regularly engaged upon the same route. The vessels 
are 855 ft, long over all, 43 ft. moulded breadth, and hold 
moulded 83 ft. 6 in. Their gross tonnage is 3030 tons. 

The engines which we illustrate by \ two-page engraving 
this week, as well as by a plan on the present page, are in- 
dependent, compound, and surface cendensing, with the 
cranks set at rightangles. The cylinders are 57} in. and 
90} in. in diameter respectively, and the stroke of pistons is 
4 ft. The main slide valves are on the outside of the high 
and low-pressure cylinders, which are both enclosed in a 
jacket connecting them together, and forming a receiver. 
The high-pressure cylinder is also steam-jacketted, but the 
low-pressure cylinder is not. The pistons are 16} in. deep ; 
the rod for the high-pressure cylinder is 8 in., and that of 
the low-pressure 84 in. in diameter, and both are carried 
upwards through cylinder heads. The crossheads are 
of wrought iron, with cast-iron slides bolted to their ends. 
The main slide valves have double ports, each is fitted with 





an independent cut-off valve on the back, no provision 
being made for counterbalancing the pressure on the 
valve faces. The weight of the main valves is counter- 
balanced by the steam pressure in a cylinder on the top of 
the steam chest. Both main valves are driven by motion 
of the double bar link type. 

The engines are reversed by direct-acting steam gear, 
the reversing cylinder being 20 in. in diameter, with a slide 
valve on top, which is thrown open by hand, and closed 
by the motion of the piston rod in any position. A screw 
is also provided which can be clamped to the piston rod of 
the cylinder so as to move the links by hand if there is a 
want of steam. 

Relief valves are fitted at the end of each cylinder with 
gear to use them as starting valves. The connecting rods 
are forked at the crossheads and are fitted with strap 
ends. The crosshead journals are 104 in. in diameter, 
and 10} in. long, and the crank-pins are of steel 15} in. 
in diameter and 20 in. length of journals. The crankshafts 
are built up in two lengths and are made interchange- 
able; the main journals are 154 in. in diameter and 80 in. 
long, except the forward journal, which is 24 in. long. 
The cranks are counterbalanced. 

The bedplate is made in two parts and is bolted up to the 
condenser. This latter isin two pieces and contains 1492 
tubes, { in. in diameter and 14 ft. long, the surface ex- 
posed being thus 4786 square feet. The water from 
one circulating pump passes through them three times and 
from the other twice. The pumps are worked from the 
main crossheads through wrought-iron levers as shown. 
Each air and circulating pump is cast separately and 
bolted to the condenser. A feed and bilge pump are bolted 
to each air pump. The latter are 26 in. in diameter, the 
circulating pumps are 18 in. in diameter, and the feed and 
bilge pumps are each 6 in. The stroke of all is 26 in. 

A vertical turning engine is bolted to the side of the 
condenser and gears into a wormwheel fastened to the inter- 
mediate shaft coupling between the two cylinders. The 
propeller shaft is 154 in. io diameter and is sheathed in the 
stern pipe. The propeller is four-bladed, with the blades 
cast separately and bolted to the bars ; the diameter is 17 ft. 
and the pitch 24 ft. 

The boilers are double-ended, three in number, and fired 
fore and aft. The diameter of each is 12 ft. 3 in. and the 
length 17 ft. There are three furnaces in each end 2 ft. 
10 in. in diameter, with grate bars 5 ft. 4 in. long. There 
are 816 tubes 3 in. in diameter and 7 ft. long in each 
boiler. 

The indicator diagrams, of which we annex copies, were 
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taken from the engines of the Ohio during her second run, 
and under the following conditions ; 








B}.2. 


Pressure of steam in boilers... «» 60lb. 
” 2” receiver ose ove 15,, 
Vacuum in condenser... a 25.5 in, 
Revolutions of engines per minute 60 
Temperature of water in hot well «» 130 deg. 
Steam cut-off at 19 in. in the high pres- ; 
: ae c — in high 
ndica’ orse power in -pressure 
cylinder ... one ns ove .» 1237.44 
Indicated horse power in low-pressure 
cylinder ... ae oe ee ove 740.1 
Total eve pa oe 1977.54 


The running of the Ohio during the voyage from Queens- 
town to Breakwater, when the above diagrams were taken, 
was as follows : 

















Knots Run 
Knots Run 

Date. by Screw. by —™ Running Time. 
1873. hours min. 
Oct, 17) 246.8 226.0 18 59 

» 18 323.8 280.7 24 23 

» 19) 3385 322.0 24 15 

» 20) 335.7 294.0 24 23 a 

min. 

» 21; 3381.0 No obser. “4 «0 detention 
» 22) 3841.5 No obser. 24 24 

» 23; 8367 |946in3days 23 43 { Ram 
» 24 339.5 $33.7 24 22 

» 25, 3843.2 321.0 24 21 

» 26) 142.0 140.0 10 30 

3075.7 2863.4 9 days, 7 hrs, 20 min, 








The slip of the screw amounted to 212.3 knots, or 6.8 
per cent., while the average speed was 12.8knots. The 
weather was calm. 

That the performance of the engines we have described 
has been most satisfactory is proved by the great regularity 
of the passages made by the vessels to which they are fitted, 
while their workmanship and general finish well deserve 
praise. 








Tue Great Eastern Rartway Reports.—A special 
report of the directors of the Great Eastern Railway in 
reply to the pamphlet of Mr. M. T. Bass, M.P., contains 
some matters and figures which will have an interest to 
all concerned in railway ment or engineering. 
In reference to the statement of Mr. Bass, that the rate 
of working expenses have increased, the directors reply that 
such an increase has been general, and they give a com- 
parative table which shows that on the Great Eastern the 

iture rose between 1870 and 1874 from 50 per cent. 

to 57 per cent., the Great Northern from 49 per cent. to 
55 per cent., the Lancashire and Yorkshire from 48 to 59 
- cent., and that on the average of the lines in the king- 
om the increase has been 6.6 per cent-, the Great Eastern 
7 and other companies 8, 10, and 11. per cent. A report 
from Messrs. Quilter, Ball, and Co. is given, which embodies 
elaborate tables extending from 1869 to 1875, which shows 
that the working expenses were as follows, the percentage 


being on the gross receipts : 


1869. 1875. 
Great Eastern ... 49.358 56.624 
Great Northern 50.309 eco 53.949 
Midland ... - 47.316 54.942 
North-Eastern 45.371 54.311 


These items do not include the steamboats owned by any of 
the lines, and they are followed by elaborate tables of de- 
tails. Tables of the ape | expenses per train mile are 
iven in detail, from which it appears that the Great 
tern spent last year 7.321d. on the maintenance of way 
and works, ‘and that the cost to the following railways was 
as given: Great Northern, 6.442d.; Midland, 7.381d. ; 
North-Eastern, 7.941d.; London and North-Western, 
de tsaieetntes vege ot ter os Glia tae Seidel 
i in the re 80 as other i 
subj eno emenrael. 
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ENGINES OF THE 'STEAMSHIPS “PENNSYLYVAI 


CONSTRUCTED BY THE WILLIAM CRAMP AND SONS’ SHIP anpD 
(For Description, see 1 
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LVANIA,” “OHIO,” “INDIANA,” AND “ILLINOIS.” 


HIP AND ENGINE BUILDING COMPANY, PHILADELPHIA, PA. U.S.A. 
iption, gee Page 65.) 


Scale of Feed. 
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NOTES ON TORPEDOES.—No. X. 
CHARGE CASES, 


THe cases containing the explosive and to which 
the circuit-closers are attached by means of a suit- 
able length of Bessemer steel wire rope, differ con- 
siderably both in the form and gen construction 
of the case, and in the electrical arrangement em- 
ployed for bringing about the explosion of the 
charge at the desired juncture. These conditions 
depend, of course, ina great measure on the class 
of explosive that may have been selected for use, 
as being most suitable to the requirements of the 
station for which they are destined. 

The combustion of gunpowder being less rapid 
than that of gun-cotton, it is necessary to increase 
the strength of the containing vessel proportionally, 
hence for the former they are usually constructed of 
from } in, to gin, wrought-iron plate, while for the 
latter it is quite superfluous to exceed 1% in. of the 
same metal. 

We do not know what effect the explosion of a 
charge of 500lb. of gunpowder contained in a 
powerful cast-iron shell would have on the bottom 
of an ironclad, but this much is certain, that the 
effect of a charge of gunpowder exploded under 
water is greatly enhanced by the strength of the 
containing vessel, as was made manifest by an ex- 
periment on board the Excellent, when the effect 
produced by the explosion of 5}1b. of gunpowder 
in a shell, approximated to that of 25 lb. in a barrel. 
The manufacture of shells, however, of sufficient 
capacity to contain the heavy charges employed for 
submarine mining purposes would entail increased 
expense, which coupled with the difficulties that 
must attend the transport and mooring of them, 
furnish ample reasons for their non-introduction. 

Gun-cotton, which is now largely employed for 
all purposes connected with submarine mining, re- 
commends itself for adoption in preference to other 
explosive compounds for several reasons, the prin- 
cipal of which is its capability of being ignited by 
detonation, whether wet or dry, thus obviating any 
likelihood of it becoming deteriorated through any 
chance leakage occurring in the containing vessel, 
This fact, strange as it may appear, has been satis- 
factorily demonstrated by an experiment made by 
the Royal Engineers, in which a charge of gun- 
cotton having inserted in its midst a water-tight 
dome containing the fuzes and bursting charge, was 
confined in a rope net and immersed for a consider- 
able time in tidal water. When it was thought to 
be pretty well saturated, the extremities of the in- 
sulated wires leading from the electric fuze were 
connected to the opposite poles of a firing battery, 
the wet gun-cotton exploding with considerable 
violence simultaneous with the completion of the 
voltaic circuit. 

Considerable difference of opinion exists as to the 
best form of case for containing the explosive ; some 
advocate one type, some another; and as no con- 
clusive experiments have been made to warrant 
precedence being given to any particular pattern, 
those interested must exercise their own judgment 
in making their selection. ‘The British Government 
employ cylindrical cases having dished ends, but it 
does not necessarily follow that this form is the 
best ; certainly it may offer greater facilities for 
construction, &c., than the majority of those that 
have been submitted, but these specialities, though 
important in themselves, are, after all, only minor 
considerations when taken in the aggregate. For 
buoyant charges, the cylindrical cases are un- 
doubtedly preferable to any yet devised, but as 
ground mines their advantage is by no means so 
apparent, from reasons that will hereafter occur. 

Figs. 34 and 35 on page 68 represent a section and 
pen of the approved torpedo case adopted in the 

ritish Submarine Mining Service, It is constructed 
of yin. best Low Moor iron plate, strongly rivetted 
at the seams, and hooped at top and bottom with 
gin. wrought-iron hoops; each of these hoops are 
provided with three lugs, to which the hoisting and 
mooring chains are attached by means of suitable 
rings and shackles. Rivetted toa circular opening 
in the centre of one of the dished ends is a cast iron 
mouth, which serves to admit the explosive, burst- 
ing charge, and fuzes; and also serves as a means 
of attachment for a cast-iron covering cap employed 
to protect the electrical joints from injury; the 
various connexions being rendered water-tight by 
means of the suitable application of gutta-percha 
washers, A, is the cylindrical iron case; BB, 
wrought-iron hoops; C, cast-iron mouth ; D, cast- 
iron mouthpiece; H, cast-iron screw collar. for 


mouthpiece ; F, hexagonal screw plug; G, ebonite 
fuze piece ; U, perforated zine guard, employed for 
the purpose of protecting from injury the pri ing 


disc I, of compressed gun-cotton ; and detonating | cha 


fuzes JJ; R and S are gutta-percha washers; K, tho 
cast-iron covering cap; L, electric cable connectin 
the charge with the Reing station; M, turk’s-he 
extremity of the eléctric cable leading to the buoy- 
ant circuit-closer; and N, the earth plate. Fig. 36 is 
a plan of the case showing the arrangement for 
securing the wrought-iron hoops BB, and giving 
also the position of the projecting lugs to which the 
mooring rings O O O are attache 

It is not possible, without the aid. of additional 
diagrams, to give anything like a lucid explanation 
of the electrical combination that governs submerged 
charges of the type shown in our illustration, es- 
pecially when, as in the present.case, they are to 
be connected up in such a manner as to allow of 
their being exploded either at the will of an ope- 
rator stationed on shore, or by the concussion of a 
hostile vessel with the buoyant circuit-closer, both 
systems of firing to be in operation at one and 
the same time. We shall therefore dismiss this 
part of the subject for the present with a merely 
nominal description, reserving for a future article 
the more explanatory and elaborate details of the 
system. 4 . 

It was the practice formerly to arrange the elec- 
trical mechanism enclosed in the buoyant vessel in- 
tended to receive the concussion of passing ships, 
in such a manner that the voltaic- cifcuit in lieu of 
being closed would be broken by the forcible contact 
of a ship or other hard substance ; the break settin 
free asmall lever, held rigid so long as the electrica 
circuit remains intact, by a soft iron armature 
attracted by the poles of an electro-magnet intro- 
duced into the circuit : this lever in falling acted as 
an automatic relay, cutting the signalling battery 
out of the circuit and switching in the firing battery, 
thus exploding the charge. 

This method, however, notwithstanding the 
obvious advantages attending the use of a duplex 
system of firing, was by no means generally approved 
by torpedo electricians, on account of the necessity 
for retaining the signalling battery continually in 
circuit, which marked the system as defective, owing 
to the unavoidable complications to’ which it gave 
rise, Howbeit these objections do not apply to the 
present mode of Bring by observation, owing to 
recent investigations having satisfactorily demon- 
strated that the functions.of the circuit-breaker may 
be as reliably and efficiently performed by the much 
more simple instrument, the circuit-closer, by modi- 
fying ina slight degree the mechanism of the shutter- 
signalling apparatus (to be hereafter described). The 
reader will readily understand from the foregoing 
that the necessity for employing circuit-breakers no 
longer exists, and that therefore when we use the 
term in speaking of Mathieson’s instruments we do 
so only for the purpose of distinguishing those em- 
ployed in the system under present discnssion, 
from the more ordinary circuit-closers enclosed in 
the buoyant contact charges, from which they differ 
in the respect specified in the sixth article of the 
present series, 

Assuming the signalling battery to be in 
circuit, the voltaic current—which it must be re- 
membered always flows through the channel of least 
resistance — would flow from. the zinc pole of 
the battery by the electric cable L through P to M 
and so out along the conducting cable to the circuit- 
closing apparatus, at which juncture it is broken by 
the small space intervening between the contact. disc 
and contact springs; and the electromotive force of 
battery being irsufficient to overcome the resistance 
of the electrical fuzes J J, would remain insulated 
until the concussion of a passing ship bridged the 
space separating the contact disc from the contact 
springs, when the current would flow through the 
instrument, out along the galvanised iron wire form- 
ing the armour of the cable, toearth at N, drop the 
small arm or lever of the shutter apparatus, thereby 
shunting the cable from the signalling to the firing 
circuit, the current in the latter case passing by the 
electrical cable L, through and the electric fuzes 
JJ, to earth at N, igniting the fuzes, and so explo- 
ding the charge. 

In firing by observation all that is necessary is to 
provide suitable means for dropping the arm of the 
shutter apparatus at the required moment indepen- 
dent of the mechanical circuit-closer. This is accom- 
plished by means of the telescopic firing and 
converging arcs, which are arranged to close the 





signalling circuit throughanother channel, thus shunt- 


ing the firing battery into circuit as in the former 
ease, when it is obvious that precisely the same 
results must accrue, viz.,the explosion of the annexed 


rge. 
Figs. 36 and 37, page 68, represent Mathieson’s im- 
roved torpedo case in section and plan, the said 
improvements consisting of a reduction in the weight 
as compere with the Siecement pattern, and a 
nerally neater a ce of the external parts. 
is the body of case constructed of y;in. best 
boiler plate, mpeg , 34 rivetted, and tested by hy- 
draulic pressure; C a cast-iron mouth rivetted to a 
circular opening in the centre of one of the dished 
ends ; D cast-iron mouthpiece having an hexagonal 
base, over which a box key fits for the purpose of 
screwing it well home into the mouth; C a gutta- 
percha washer being used to render the connexion 
water-tight ; Eis an ebonite fuze piece, F an hex- 
agonal screw plug, G thin iron dome, H A platinum 
wire fuzes, 1 disc of compressed gun-cotton, and J 
the cast-iron covering cap for protecting the elec- 
trical joints from injury. BBB are wrought-iron 
lugs strongly rivetted to the sides of the case, and 
to which the hoisting and mooring riogs are welded. 
The electrical arrangement being virtually the same 
as that of the Government pattern—previously de- 
scribed—need not be again detailed here. 

Figs, 38 and 39, onpage 68, represent, in section and 
plan, a new form of torpedo case for ground charges, 
proposed to be used in connexion with the circuit 
closer described in Article VI. of the current series. 
Two special advantages are claimed for this form of 
case, the first of which is, that being conical in shape 
and having no available projection to which grap- 
pling irons could possibly attach themselves, it is less 
iable to be displaced by an enemy endeavouring to 
clear a channel of these obstructions; while for the 
same reason it is less exposed to injuries arising from 
the explosion of neighbouring charges, 

Secondly, that while such cases offer conveniences 
forconstruction—atleastequal tothose ofthe Govern- 
ment pattern—they also afford increased facilities 
for mooring, inasmuch that while the weight of the 
mooring lump or anchor—shown in our illustration 
—is very little in excess of those at present em- 
ployed, the charge would be much more firmly 
moored, by reason of the increased hold of the ground 
consequent on the enlarged diameter of the auchor. 

Referring to Figs. 38 and 39, A is a conical case 
constructed of best Low Moor iron plate or steel, ac. 
cording to the class of explosive to be employed ; 
CCC wrought-iron lugs strongly rivetted to the 
body of the case for the purpose of securing it to 
the anchor B ; this is accomplished by means of the 
connecting links DD D, turning on centres E E , 
these links are secured to C by means of short bolts; 
F is a cast-iron mouth, G acast-iron covering cap, 
secured to the mouth by means of six Zin. bolts; 
the bolts are shown projecting from a wrought-iron 
washer affixed to the inner face of the cast-iron 
mouth; H is a tubular Bessemer steel wire rope 
for attaching the charge-to the circuit-closer; I the 
electric cables ; K cast-iron mouthpiece; L ebouite 
fuze piece; M perforated zinc guard; N priming 
dise of ery aoe gun-cotton ; O O platinum wire 
fuzes ; and P an hexagonal screw plug.* The elec. 
trical arrangement is materially the same as that of 
the two preceding cases, and need not therefore be 
further specified here, since, as already observed, no 
explanation could be rendered altogether intelligible 
until the various apparatus used in connexion with 
the system have been fully described. 

It may be as well to remark, that when’ gun- 
powder is to be employed for submarine miving 
purposes, it will be necessary that the charge cases, 
in addition to possessing increased strength, shall 
have a greater internal capacity; for although a 
cubic foot of space will contain 57 lb. of gunpowder, 
and only 36 lb. of gun-cotton, the apparent advan- 

thus gained is more than counteracted by the 
fact that the explosive force of gun-cotton is said 
to be from four to five times greater than that of 
gunpowder. This relation, however, might in’ all 
probability be considerably decreased by augment- 
ing the strength of the enclosing vessel or case, and 
employing powder of a different grain to that hither- 
to used, with a view to increasing the rapidity of 
its combustion. Another important point to be 
considered is the relative ‘bursting effect of gun- 
cotton and gunpowder, that is to say, which of the 
two mentioned explosives at a given range would 
prove most destructive, since, although gun-cotton 





* All junctions are rendered water-tight by means of 





the suitable application of gutta-percha washers. 
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Fig). 36. 








is the most powerful, its explosive force, as in the 
case of dynamite, may be more localised than that 


of gunpowder, 


THE BIRMINGHAM SHOW. 


In resuming our notice of the Royal Agricultural 
Show at Birmingham we may first congratulate the 
Society on its complete success. It remained open 
for seven days, having been closed on Monday last. 
The attendance on the first two days—Monday and 
Tuesday week—was not very large, but on Wednes- 
day, the first day the animals were on view, and 
each of the succeeding days, the Show was thronged. 
The awards for implements were only made known | 
on Thursday afternoon, too late for insertion in our 
ene notice. We therefore now append them. | 

hey were three silver medals, one of which was | 
awarded to Messrs J. W. Robinson and Co. for As- | 
na American potato digger, which will be found 

escribed in our present notice. A second medal was 
awarded to Messrs. Hayward Tyler and Co., for 
the Rider hot-air engine, which was referred to in 
our last notice, and described and illustrated in 
our last number but one, whilst the third medal 
fell to the lot of Messrs. Marshall, Sons, and Co. 
for their band-cutter and self-feeder for thrashing | 
machines, which was described and illustrated by us 
last week. It is announced that the Royal Agricul- 
tural Show will be held next year at Liverpool. 

Before proceeding to notice under classified heads 
the implements which follow as a séquence to | 
those described last week, it will ve desirable to | 
repair two omissions in those there described, | 
omissions which the extent of the Show rendered un- 
avoidable, And, first, we shall refer to the steam- | 
cultivating machinery of Mr. E. Hayes, of Stoney | 
Stratford, who exhibited a pair of new travelling | 
ectly automatic. The rope | 














anchors, which are perf 

is liberated by double connecting-rods working from 

the centre of the turntable on to a ratchet wheel, 

. which drives a worm and wormwheel giving off 
the rope as required, and allowing the anchor to 
move forward for the same distance, the movement 

going on continuously and not intermittently. In 

e windlass of the same exhibitor the rope cannot 





get into the internal gear. [he engine, windlass, and 
cultivator always continue in motion. There are 
two fast pulleys and one loose one, so that the im- 
=! is reversible, a single cylinder engine only 

eing employed, and no stoppage being required at 
the headlands. 

The second omission relates to reapers, and in 
this class we have to notice the new combined 
mower and reaper of Mr. William Anson Wood, of 
Upper Thames-street, London. This exhibitor had 
an excellent show of these implements. The new 
feature consists in an arrangement for readily 
changing the knives. For this purpose bolts are 
dispensed with, and a simple pin pressed forward 
by a spiral spring on the connecting bar to the 
knives is substituted. The sweep rake has a shield 
for the gearing. Having said this much we now 
proceed to a notice of the implements next in order. 


Horse RAKES AND HARVESTERS, 


There was a good show of horse rakes at the stands 
of most of the manufacturers of these implements. 
Chief amongst the rakes as regards size certainly 
stood one exhibited by Messrs. Nicholson and Son, 
of Newark, that implement being, according to the 
exhibitor, the largest rake ever made, having a pair 
of wheels 6 ft. in diameter. Apart from its size it 
has several noteworthy features. The tipping 
arrangement consists of a lever which can either be 
lifted from the tail of the implement or actuated 
from the driver's seat by the foot. This throws a 
pawl into a ratchet on each of the wheels, as the 
onward be aren of the horse carries the pawls 
down and the teeth with them, and delivers the load. 
The pawls are thrown out of gear by cams, and 
the teeth fall readily for collecting the next load. 
The weight of the driver is distributed over the 
axle, which is trussed on the top. In all the rakers 
of this firm the hay can be lifted from either one or 
both wheels, so as to deliver on the curve. In the 
horse rakes of the Albion Works Company, Rugeley, 
the novelty consists in the method of regulating 
the pitch of the teeth, which is now done by means 
a hand-wheel and screw, the points of the teeth 
being adjustable at pleasure, to suit the require- 
ments of the work. Messrs. Ransome, Sims, and 














Head, of Ipswich, exhibited amongst their hay- 
makers a good machine, with an overhead and 
backward action, and fitted with adjustable tines. 
The well-known ‘ Star” horse rake of this firm is 
fitted with a new chain-delivery, so that the load 
can be released by the foot alone, the hands of the 
driver being left free for guiding his horse. Messrs, 
H. Bamford and Sons, of Uttoxeter, exhibited in 
their Albion haymaker a strong and simple double- 
action implement, which can be used either for 
tedding or turning hay. The tines can be set to 
any required angle to suit the ground or crops, 
being adjusted by means of a flat spring and a set 
screw. ‘The action is placed behind the travelling 
wheels, so that the machine is balanced. Messrs. 
Riches and Watts, of Norwich, had a revolving 
gathering rake adapted for swathe hay, grain, or for 
stubble gleaning. The machine is self-operating, 
and when the driver wishes the hay or grain to be 
discharged from the teeth, he throws the machine 
in gear by pressing a lever with his foot. On 
sharply releasing the lever, the gear is thrown out 
of action by a spring at the back of the lever, and 
the rake commences to gather another load, After 
having been emptied, the teeth come down very 
gently, so that the corn is not dashed out by them, 
and no waste occurs. The teeth are adjusted for 
vertical height by a simple shaft adjustment. 

Mr. C. Loader, of East Pennard, Somerset, exhi- 
bited a new harvesting machine for making hay 
and loading on to wagons or carts without manual 
labour. The apparatus can be used as a tedding 
machine, as well as for gathering the hay off the 
ground, which it does by means of a series of re- 
volving rakes placed under the platform. It also 
comprises a raised elevator for unloading produce 
on a level with the top of a loaded cart direct to 
the ry 3 of arick, the lowest part of the elevator 
being level with the top of the load. While thus 
employed, the other part of the machine may be 
away in the field working as a haymaker or loader. 
In the latter operation the hay is lifted some 12 ft. 
into the air over an endless band, and then lightly 


dropped. 
‘THRASHING MACHINES, 
Messrs. Nalder and Nalder, of Wantage, have in- 
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troduced in their thrashing machines a very neat 
arrangement for lifting the drum to the top of the 
machine for balancing or repairs, without having to 
draw the spindle or remove the pulleys. This is 
done by removing a portion of the panel of the ma- 
chine where the drum is fixed, and using two of the 
panel castings as a pair of strips to balance the drum 
on. The arrangement is illustrated in the accom- 
panying engraving, in which Figs. 1 and 3 represent 




















the drum, spindle, and pulleys lifted out of their 
ordi position, and laid on the balancing strips 
ig. 2 shows the drum in its original position, 


B. 





(For Description, see Page 74.) 





and the panel replaced. As the balancing strips form 
a part of the machine, they cannot be lost. We 
need hardly point out the importance of having the 
drums of thrashing machines well balanced. Messrs. 
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FIG. 3. 
Nalder and Nalder have also introduced this year a 


simple method of delivering the cavings either be- 
hind or in front of the first travelling wheels at 
pleasure, as it is sometimes difficult to get at the 
side of the machine even for oiling. Messrs. Nalder 
recommend the delivery at the rear of the wheels as 
being the proper position, so that any corn not taken 
out by the shakers falls through the straw rack, and 
can be put through the machine again. 

Messrs. Clayton and Shuttleworth, of Lincoln, 
have effected an improvement in their thrashing 
machines which, under some circumstances, . will 
prove very useful, This consists in the addition of 
a chaff-cutting apparatus, which can either be used 
or shut off as required, the straw then being taken 
clean from the shakers. When used, the straw, on 
leaving the shakers, enters the chaff cutters, and is cut 














into chaff of any one of three different lengths, as 
may be necessary, the length of cut being adjustable 
by means of three wheels, The chaff is then elevated 
into the machine, riddled, and delivered through a 
spout at the side of the machine. Messrs. Clayton 
and Shuttleworth have also introduced an ingenious 
chock-block for setting up the wheels of thrashin 
machines, to bring the implements to the true leve 
for working. ‘The chocks are also useful for raising 
the wheels for oiling, instead of a lifting jack. We 
intend, shortly, to illustrate these useful appendages 
to thrashing machines, 

Messrs, Ruston, Proctor, and Co., of Lincoln, have 
nothing specially new in their thrashers. They have, 
however, effected some improvements in the details 
of their safety drum and closing mouth, the arrange- 
ment of which has been somewhat simplified and the 
action rendered more sensitive. Mr. E, Humphries, 
of Pershore, has fitted his thrashers with a drum 
guard which consists of a horizontal sliding shutter. 
When open for feeding, the shutter is held back by 
two lever catches against a couple of spiral springs 
on horizontal guide rods, one at each end of the 
shutter. Upon a weight falling on the shutter, the 
catches are released, and the springs force it forward 
sharply and close in the drum, Messrs, Marshall, 
Sons, and Co., of Gainsborough, had a new thrashing 
machine, in which the speciality was a self-feeding 
and band-cutting apparatus, ‘These appliances were 
described and illustrated by us last week, so that we 
need only here state that the band cutter consists of 
three serrated steel discs, which overlap each other 
and runin opposite directions, Their upper edges 
appear above the feed board as each sheaf is fed on to 
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it, and the band being cut the sheaf falls on toa lower 
board, whence it is carried forward to the feeder by 
revolving prongs. The feeder consists of a toothed 
barrel and a set of cotillating PaERae. the whole be- 
ing covered in with a safety hood, which closes upon 
any one falling on it. The band-cutting apparatus 
proved a great attraction to agriculturists, who, it 
may be supposed, were 206 @ little pleased to find 
that it saved ohe man in arking the % 
Messrs. B ; Bant 


good sin pla fs. -Thei 
consists in ! essing a 
of the machine, aD 
convenient in districts W 
in vogue. The machine has double-cray 
wood spring hangers, and all te 
ments in general ado amongst makers of these 
implements. Messrs. Ra es, Sims, and Head, of 
Ipswich, while still oc to make some of 
their thrashing machines with shakers, have 
introduced regiproca’ shakers in others. The 
rotary shakers are cons most durable in them- 
selves and as less t to the frame of the imple- 
ment, and are good for perfectly dry straw. Reci- 

rocating shakers are found best for long straw in 

p districts, and especially for oats. 
Mus, 

In mills there was the usual variety exhibited, and 
in somewhat unusual numbers. Messrs. Picksley, 
Sims, and Co,, of Leigh, Lancashire, had a new grist 
mill, which will do coarse or very fine work, 
evea flour. It has a aprng at the back of the con- 
cave, so that it will adapt f to pressure from any 
hard extraneous substances, which thus prevents 
injury to the mill. [vis ise fitted with a stirrer 
to prevent the feed chokiog. Messrs. S. Corbett 
and Son, of Wellington, Shropshire, have introduced 
several improvements in their mills, Knowing that 
the principal wear takes where the feed 
enters, they have a loose piece fitted in the serrated 
chilled disc, the piece being bolted on from the 
outside of the disc. Itis thus removable, and when 
worn out is easily replaced at a small cost. The 
revolving discs can be set to oar dearve of fineness 
for grindiog, and is fitted wi springs to 
nails >. other 
objectionable substances get in with ee. we 
substances og ugh the 
mill. This fra S15 cxhibi a combined oil-cake 
breaker and grinder, so that the cake can be broken 
and thea grouad to any degree of fineness in the 
same machine, thus obviating the owe ate for 
a second mill. Messrs. W. N. Nicholson and Son, 
of Newark, had a new ps oil-cake mill with a 
simple eccentric arrangément for both the upper 
aud lower pairs of . A spring clutch holds the 
eccentric in place, Jower pair of rollers can 
be thrown out of gear when not required for use. 
The main shaft is carried through so that the mill 
can be worked by manual labour on each side, or 
steam or other power can be applied. The rollers 
hoppers, and screen are all adjustable, and the 
gearing is boxed in, so that the machine is safe and 
the works are kept clean, In the new ‘ College” 
cake breaker of + Posen Alexander and Sons, of 
Cirencester, the feed rolls are actuated by a handle 
in front of the spindle working a simple eccentric 
at both sides of the machine. ‘The baadle securely 
fastens itself by the aid of a strong spring into a 
circular ratchet, the width being altered to any re. 

uired fineness of cake in vight different sizes. 
‘The ‘‘ Eureka” grist mill of Messrs. Riches and 
Watts, of Norwich, has been remodelled and fitted 
with a new and simple feeding apparatus with a 
screen for takiog out stones, It hus an iron 
hopper and shoe and is arranged on a neat iron 


‘The Beverley Iron and Sages Company having 
made bon: mills a pony. ‘or many years, it is 
needless to observe that “"* were well represented 
in this class of machines. Their double-roller bone 
mill for the largest sized bones is a fine machine 
with two pairs of rolls armed with strong toothed 
cutters made from solid discs of wrought iron and 
ease hardened. The bones are through a re- 
volving screen which separates them into three sizes. 
Their single-roller mill is for smaller quantities of 
bones, whilst a third mill is for regrinding the pro- 
ducts of the previous mills and reducing them to 
dust Messrs. J. Whitmee and Co. of St. John- 
street, Clerkenwell, exhibited a paint mill consist- 
ing of a cast-iron grinding cone with a stationary 
surface of ing size. The cone is fixed 
on a vertical spindle, 





is driven by a pair of bevel ! ford 


wheels underneath, and is adjusted bya hand-wheel. 
The pug is driven’ by a second bevel wheel on the 
vertical spindle, and when not required can be raised 
out of . Messrs. W. M. Ward and Co., of Tipton, 
hada = selection of their mortarmills, which have 
recently been illustrated by us (vide page 77 of our 
last volume), so that we need not further refer to 
them here than to observe that some were exhib'ted 
with engine and boiler complete, whilst others were 


sptiatanto i gesigned without any bed-plate. Messrs. 
weeny a itary: axtinised & port. 
able combined six horse power vertical e1 . boiler, 

, ing mortar, slag, &, The mill 


end welll foe 
are | had a 6 ft. pan, and was fitted in a strong frame |i 


with carriage and travelling wheels. 

The Milburn Engineering Company, of the Hat- 
cham Iron Work, London, a new crushing mill 
especially suitable for concrete and similar work. 
At the bottom of the hopper are two strong square 
steel shafts which revolve in opposite horizontal 
directions, which act as first breakers. Beneath the 
shafts are a pair of steel tooth-rollers, the teeth on 
one roller. fitting into the intervals on the other, 
the s being regulated for the class of work the 
mill to orm. The material is also crushed 
between one of the square shafts and one of the 
rollers before ing between the pair of rollers. 
Below each roller isa rake or scraper with teeth 
corresponding to the grooves in the rollers, and 
which clear the rollers from any adhering materials, 
so that clogging substances can be treated without 
trouble, The rollers revolve towards each other at 
different rates of speed, so that both a grinding and 
a crushing action is the result. The millwork is 
enclosed in a rectangular iron casing which, consi- 
dering the power developed, occupies a comparatively 
small space. 

Messrs. Carter Brothers, of Mark-lane, London, 
had several of their disintegrators, in which the dis- 
integration of all kinds of substances is effected by per- 
cussion produced by a series of radial arms revolving 
at high speed within a circular chamber. The peri- 
phery of the chamber is furnished with projections 
which retard the material at each blow and return it 
to the action of the beaters, until it reaches the 
screens, where it escapes. ‘This disintegrator is also 
made with an automatic feeding apparatus, and 
some varieties of the machine are adapted to reduc- 
ing substances such as barytes to an impalpable 
powder. 

CHAFF AND GorsE CUTTERS. 

There were a great number of chaff cutters ex- 
hibited as new implements, their novelty consistin 
as a rule more in the introduction of hapeevel 
details by their respective makers than any dis- 
tinctive departure from the practice generally 
followed by most makers of these machines. The 
leading features of this practice are the rising 
mouthpiece, the introductiou of wrought iron in the 
framing, of gearing for readily changing the length 
of cut, and arrangements for protecting the atten- 
dant as far. as possible from the consequences of 
accident while operating the cutter. In the chaff 
catter of Messrs. Ashley, Jeffery, and Luke, of 
Stamford, the improvements consist in the use of a 
wrought-iron framing which is so arranged as to 
form a guard for the flywheel ; the legs are formed 
of angle iron. Mr. J. Wilder, of Reading, showed a 
variety of new chaff cutters, the leading features in 
which are the rising mouthpiece held down by 
springs instead of by a weighted lever as in some 
machioes. There is also shifting gear for changing 
the length of cut. The beariags are all brass bushed 
and the wheels cased in. The chaff cutter exhibited 
by the Albion Iron Works Company, Rugeley, has 
the rising mouthpiece and cuts three lengths, the 
cut being changed by a lever arrangement without 
removing the cover, The apparatus is also fitted 
with a reverse and stop motion. The chaff cutter 
of Messrs. Picksley, Sims, and Co., of Leigh, Lanca- 
shire, is fitted with a sliding pinion for altering the 
length of cut without change of wheels, the rising 
mouth being held by spiral springs. Messrs. R. A. 
Lister and Co., of Dursley, Gloucestershire, have 
introduced a new form of knife into their chaff 
cutters, The edge of the blade is concave instead 
of being of the usual convex outline, and the makers 
urge that this prevents the hay becoming closely 
compressed in the corner of the mouth towards the 
end of the stroke as it sometimes is by the convex 
blade. They have also a lever to throw the machine 
out of gear should the operator’s hands become 
entangled in the rolls, the lever being ay | acted 
on by the leg. The chaff cutter of Messrs. H. Bam- 
and Sons, of Uttoxeter, has the usual improve- 





ments with the addition of corrugated wrought-iron 
legs.. The wheel is placed inside the frame, and the 
works are protected by a cover. In the ‘‘ Corinium” 
chaff cutter exhibited by Messrs. Alexander and Son, 
of Cirencester, the length of cut is changed by re- 
i indle.. t ther a disc wheel 
fides, one set for each 
being cut, the wheel 
2 t. Messrs. Hunt and 
Essex, in their chaff cutters 
obtain three lengths of cut by means of a face wheel 
ha three rows of teeth. By sliding the pinion 
shaft in three different positions it engages 
7 * @ither one of the three sets of 
teeth, and so cuts the different lengths. The chaff 
machines of this firm have a rising mouth, according 
to the general practice now with these machines. 
The most perfect machine in the Show was 
that of Mr. Edwards, which was exhibited by 
Messrs. J. Crowley and Co., of Meadow Hall, 
near Sheffield. This ine was described and 
illustrated bs Ber last year, and has not been altered 
since it was first brought out at the Bedford Show. 
It is so arranged that the operator is perfectly 
secured from ahy accidents while feeding the 
machine, Mr Edwards has just brought out a com- 
bined chaff cutter and corn-crushing mill, which un- 
fortunately was not entered in time for exhibition, 
and so was not at the Birmingham Show. There 
are no long shafts nor universal joints in this machine. 
It has a double spur wheel furnished with internal 
and external teeth which carries the motion from 
ove feed roller to another. To cut two different 
lengths of chaff, the outside wheels are exchanged 
from one shaft to another, the change being easily 
effected by removing the nuts which hold them in 
position. The corn crusher is placed on the top of 
the frame, and is suitable for crushing either oats or 
beans. The working of themilland chaff cutteris quite 
independent, and the mill can be easily removed at 
any time, being affixed to the frame by set screws, 
Since Messrs. Follows and Bate, of Manchester, 
first brought out their gorse cutter, they have im- 
roved its details in many ways, so that the machine 
is now practically perfect. The feed screw has been 
lengthened, and the pitch of the revolving cutter 
blades altered; they now have a closer pitch near 
the centre than at the ends. The delivery screw 
has also been and friction reduced, so that 
it requires but little power to drive it. 


Root CLEANERS, SEPARATORS, AND PULPERS. 


The turnip cleaner of Messrs. S. Corbett and Son, 
of Wellington, is also a pulper. The roots are fed 
into a hopper, from whence they find their way into 
a revolving screen, and during their passage along it 
they are deprived of dirt and stones, the cleaned 
roots alone finding their way into the disc pulper. 
Should stones or other hard substances get iv the 
screen, and prove to be too large to pass through it, 
the barrel is thrown out of gear by a clutch arrange- 
ment, and the dbjectionable substance is removed by 
hand. Messrs, Penny and Co., of Lincoln, exhibit 
a potato separator which consists of a frame carrying 
two Pa riddles, one being above the other, 
and both being reciprocated from a crankshaft by 
manual labour. The potatoes are fed on to the 
upper sieve, which is of large mesh, and allows the 
smaller sizes and the trash to fall through, the 
larger sorts being delivered at the end of the riddle. 
The small potatoes are caught on the riddle below, 
which has a smaller mesh, through which the trash 
passes into a trough beneath, tae small potatoes 
passing away out at the end of the riddle. The 
double action turnip pulper and slicer exhibited by 
Messrs. Picksley, Sims, and Co., of Leigh, Lanca- 
shire, has a new arrangement for exchanging the 
pulper for theslicer. The pulping knives are simply 
withdrawn from the face of the disc, the disc set 
back a little, and the slicer blades set forward to 
project beyond the face of the disc for work. The 
pulping and slicing knives are adjustable, so that 
the sample of pulp and the thickness of the slice may 
be varied. 


Manore Disrrievutors, 


Messrs. F, and H. Randell, of North Walsham, 
Norfolk, exhibited a new liquid manure cart, con- 
structed throughout of wrought iron. The pump 
consists of a 4-in. galvanised working barrel, and is 
fixed inside the body of the cart and worked with a 
lever placed by the side of the driver. Mr. R. 
Willacy, of Preston, has now arrived at what he 
believes to be perfection in his farm-manure 
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spreading cart. The arran +. consists of an 
endless travelling apron passing round-a pair of 
rollers moved by gearing in connexion with the 
wheels of the cart, and placed on the floor of the 
vehicle, the apron feeding manure to spiked distri- 
buting rollers at the tail of the cart. The apron 
was formerly made of cocoa-nut fibre matting, but 
wood battens having been found by Mr. Willacy to 
be superior as rendering feed to the delivery rolls 
more regular and certain, they are now adopted. 
Messrs. Hyde and Wigfull, of Sheffield, have applied 
the Bennison rotary pump to a useful liquid manure 
cart. The pump is fitted at the tail of a wrought- 
iron water van mounted on four wheels, and is 
worked by hand. The apparatus forms an agricul. 
tural water cart, a manure spreader, and a farm fire 
engine. ‘The fire engine can be used independently 
of the tank where water is available. The tank may 
be filled by reversing the action of the pump. 


Seep CLEANERS. 


In the seed and grain cleaner and separator of 
Mr. T. F. Stidolph, of Woodbridge, Suffolk, the end 
falls from the hopper on to a series of shelves or 
louvre boards covered with cloth and: placed in an 
inclined frame. The angle of the frame is adjustable 
to the requirements of different sizes of grain. The 
seed bounds from shelf to shelf down the series into 
a receiver at the foot, the light particles and waste 
falling through the spaces between the boards and 
into a tray below. ‘The principle of the machine is 
gravitation, and it is therefore self-acting, manual 
labour being dispensed with as far as its operation 
is concerned. In the seed and grain cleaner of Mr. 
W. Bone, of Framlingham, the seed falls from the 
hopper on to an inclined endless cloth travelling on 
rollers which are actuated by hand. The band is 
travelled upwards against the descending seed which 
falls into a trough below, the refuse being carried 
up to the top and being delivered at the back of the 
machine. Messrs. W. R. Dell and Son, of 26, 
Mark-lane, London, exhibited their economic smut 
machine and separator. In it are two sieves, the 
first for arresting any extraneous matter larger than 
wheat, whilst the lower one removes small ends and 
dust. The wheat -passes thence into a hopper 
through which a current of air is conducted which 
removes the smut-balls. The wheat is then sub- 


jected to friction in the vertical cylinder, from | ® 


which it falls into an exhaust spout through which 
a strong current of air is passing to the fan, the re- 
maining impurities being thus effectually removed. 


FLour-DRESSING MACHINES. 

Mr. R. G. Handley, of Moor-street, Birmingham, 
had a good show of machinery used in connexion 
with the dressing of flour. Chief amongst his ex- 
hibits was Lampitt’s flour dressing machine. In this 
apparatus the silk is fixed to an outer framework, 
and the feeding is effected through a hopper at one 
end of the machine. The feeding tube is carried 
some distance into the bolting silk, so that the upper 
end of the machine is covered with a coarser silk. 
Another feature is the absence of the central shaft, 
the apparatus being driven with friction pulleys 
acting on iron rings on the outer periphery of the 
machine at each end and at two intermediate points, 
The machine is 41 ft. in length and works very 
smoothly. The internal rail bars are now chambered 
instead of being made solid, so that the flour falls 
through the apertures instead of being carried over 
and thrown down, the whole surface of the silk 
being now thorougbly utilised. Mr. Handley also 
exhibited Bate’s flexible driver for taking the back- 
lash of millstones and reducibg the wear and tear of 
mill gearing. Messrs. Carter Brothers, of Mark- 
lane, London, exhibited Armstrong and Neill’s 
pneumatic silk cleaner for keeping the meshes of 
the silk clear in flour-dressing machines. The 
invention consists in the application of a jet of 
compressed air against the outside of the silk cover. 
The jet is produced by a fan which forces the air 
into a chamber at the top of the machine and in 
which is an endless band with 4 hole in it... The 
band is travelled around pulleys at the ends of the 
machine and covers the slot in the air chamber. 
The air, however, finds its way through the perfo- 
ration in the band, and so through the slot, on to the 
silk, the jet travelling from one end of the silk to 
the other. The atoms which were endeavouring to 


get through the silk but had stuck fast in the at- 
tempt, are forced back without injury to the silk. 
Messrs. J. Walworth and Co., of Bradford, York- 
shire, had anew middlin 
fine middlings are divi 


purifier and separator. The 
from the coarse by means 
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. There are 
no travelling brushes, tappets, or knockers required, 
and the machine involves but little attention. 
Messrs. W. B. Dell and Soii, of Mark-lane, London, 
exhibited their middlings purifier; which is composed 
of a disintegrator with exhaust, a separator, and 
a series of sieves, The | middlings are dis- 
charged from a hopper on to a revolving disc 
armed with small wire beaters, which agitate the 
middlings and liberate the light particles of foreign 
matter, so that the exhaust fan can liberate the dust 
and fluff which adheres to them, The current of 
air is just sutficient to carry away the dust and fluff, 
but not the valuable part of the middlings, which 
fall by their superior gravity into a hopper, whence 
they go to sieves to be separated, The stive being 
removed before the middlings reach the sieves, the 
meshes of the silk do not get gummed up. 

Messrs. Dell also exhibited Whittingham’s mill- 
stone dressing machine in operation. It consists of- 
an ingenious contrivance for working the ordivary 
mill pick, which is actuated from a shaft rotated by 
a handle, . A-spring is placed in a depending rod 
under the pick shaft, and at each revolution of the 
crank the pick falls upon the stone and rebounds 
instantly. The pick delivers from 400 to 500 blows 
per minute, and the strength of the blow is regulated 
by the speed at which the hand crank is revolved. 
The apparatus is carried by a slide rest, and is 
arranged so as to cover in turn the whole face of the 
stone. ‘This neat little apparatus was doing excellent 
work at the Birmingham Show. 


Horse GEArs. 

There was no lack of horse gears in the Birming- 
ham Show, and there were very few in which their 
makers did not consider they had effected a marked 
improvement since the previous Show. ‘The pro- 
minent features in those in which something had 
really been effected were the boxing in of the 
works, and the introduction of a clutch to prevent 
accident to the horse when stopped sharply, the 
clutch allowing the machine to run on without the 
effect being transmitted to the pole, Mr, J. Wilder, 
of Reading, encloses his gear and intermediate 
motion in cast-iron casings, preventing accident and 
keeping the working parts clean. The main driving 
ear is an internal spur wheel instead of a bevel 
wheel and friction roller, thus reducing friction. In 
the horse gear of Messrs. Hunt and Tawell, of 
Halstead, Essex, the main wheel is made with a solid 
disc centre instead of spokes, which obviates the 
necessity of boxing the works in. This gear is 
fitted with a spring clutch and has an_ increasing 
motion on the same frame. Mr. H. Denton, of 
Wolverhampton, had a neat light draught horse 
gear which is made wholly of iron, the lever being 
of T-iron. It is fitted with a new intermediate 
motion for driving three machines, two from pulleys 
and the third from a universal coupling. The 
horse gear of Messrs, Nicholson and Son, of 
Newark, has a domed cover carrying two friction 
wheels, which prevents the main wheel tipping. A 
spring clutch allows this gear to overrun the pole 
in case of sudden stoppage. An extra clutch on the 
intermediate gear allows of three machines being 
driven at the same time. Messrs. Bamford and 
Sons, of Uttoxeter, use a self-acting spring ratchet 
for preventing overruoning in their horse gears, 
They also make their main driving wheel as a disc, 
so that no accident need be apprehended. 


ELEVATORS. 

Besides the combined apparatus referred to under 
another heading, Mr. Loader had another implement 
for loading only. By its aid the hay or corn can be 
loaded from rows or windrows without gathering 

rongs, the machine acting as a travelling elevator. 

essrs. E. Page and Co., of Bedford, exhibited a 
new implement in Guest’s elevator. This machine 
will elevate up to 24 ft. high, and as the elevating 
apparatus has an arrangement for lateral travel upov 
the carriage, the stacker can alter the point of de- 
livery to any part of the stack, or he cau supply two 
or more stacks from one stand-point. This is effected 
by an arrangement for ceuteriug the crankshaft a1 
the end, and moving it in a radial bearing, the shaft 
being fixed at any one point, somewhat on the 
principle of acrane. ‘The machine can be drive: 
from either side of the engine direct from the crank- 
shaft without intermediate gearing. It folds up 
compactly, and the improvements can be applied to 
existing elevators. Messra, Cottrell and Co., o! 
Hungerford, have a circular hopper attached to thei 


‘Made stronger than ay. 





folding elevators, which also have trussed frames in 


‘The chains are now 


: and the can 
be extended 5 ft. more over the ri¢k without altering 


the length ofthe maimframe. iq 6/1) 


“Sack Lirrers, °° “8+ © 
‘ Although the ingenioa dphowssnting implements 
nown as sack lifters are no Jonger @ novelty, each 
show tinds- ove pap of the manufacturers im- 
proving the details. of his lifter, At the stand of 
essrs. Sinkwell and Tooley, of Dunstable, we 
found.a simplified form of mack lifting barrow which 
is self-acting. _ By its aid the contents of a full sack 
are transferred to an empty one at one operation. 
The spRaranat also forms a handy loader for cats 
as well as an.elevator for meu. No alteration of 
gearing is required in the, machine either for. shoot- 
ing, elevating, loading, or. uvloading sacks. 
number of other exhibitors had sack-lifiing trucks, 
but none of, them poss any special mechanical 
features which call for notice. ' 
new pattern agricultural tipping cart was ex- 
hibited “by Messrs; Wood, Cocksedge, and Co., of 
Stowmarket, the object. being-to remedy defects 
which are present in; ordinary carts. which tip from 
theiraxles, In tipping with the ordinary cart, 
owing to the manner in which the shafts are jointed 
tothe body; the shafts are drawn back some ]2 in, 
icworme Det, me to°the ‘horse. In the new’ cart the 
shafts are bolted to.the axle bed, and the body is 
mounted on-a joint, the lower half. of which is con- 
nected to the axle bed and the upper half to the cat 
body. ‘The body is‘thus in balauce in all positions, 
and the shafts are not drawn back when the cart is 
tipped. Mr. Charles Riley, of Whetetone, Leicester, 
had a ue horse cart for general purposes in which the 
framing is formed of | and T irons, the prnciple 
being extendéd'to other vehicles. At the stand of 
Mr, ‘ST. Osmond, .of Hungerford, Berks, was a 
pair of wrought-iron wheels and axles. ‘ The felloes 
are of channel iron and the spokes are of flat sec- 
tion with V-shaped ends fitting into the: felloes. 
‘The nave is made in three parts, the spokes are 
dovetailed in the front, the back part is bolted on 
to hold the spokes in, and on this is cast a flange to 
receive a loose box or bush which is bolted to it. 


Woop- working. Macainery. 

At the stand of Messrs. C, Powis 4nd Co., of Mill. 
wall Pier, London, was an excellent collection of 
wood-working machinery. Their latest novelty is a 
combined circular, band-sawing, and moulding ma- 
chine, The circular saw is mounted clear of the 
other parts of the machine, and is fitted with a cross- 
cutting slide, and the spindle has a rising and fallin 
motion, so that it effects all the purposes required of 
a joiner’s bench. The band saw is fixed at one 
corner of the table, recessing being performed at the 
other, ‘The combination of the three machines re- 
sults in a useful and effective apparatus. Agri- 
cultural engineers appear to be taking up the manu- 
facture of this class of machinery, Thus at the stand 
of Mr, W. 8. Underhill, of Newport, Shropshire, we 
found a saw bench which is designed to act as a push 
aud arack bench, In ordinary it is a push bench, 
but by removing half the top of the table it answers 
the purpose of a rack bench, and will take iu a saw 
48 in. in diameter. For the latter purpose a carriage 
and railway are required, and were exhibited with 
the beuch. . The Beverley Iron and Wagon Com- 
pany exhibited some good self-acting ciicular saw 
benches. Une in particular may be noticed asa good 
example; it had a planed metal table 6 ft. by 3 ft., 
a 42-10, saw, loose pulley and throwivg-off gear, 
the fence having-a diagoual motion, 


ICE-MAKING MACHINERY. 

Ice-making machinery .was represented by two 
firnis, one being that of Messrs, West and Duval'oa, 
of the Atlas Works. Birmingham, who exhibited a 
large machine for making a ton of ice 1n twenty- 
four hours, and a smaller one for domestic use. ‘The 
principle of the large machine is well known, being 
that of the evaporation of ether in vacuo aud its 
recondensation. | By means of movable ice cells 
Messrs. West and’Davalion can manufacture block 
of ice 3 ft: by Qfe. Gin. by 2ft. The other firm 
exhibiting ice machivery was that uf Messrs. Sid- 
leley and Co., of Upper William-street, Liverpool, 
the principle of whose machines was also the evapo- 
ration of ether ix vucuo and condensation fur re- 
use, Ice-making was catried on briekly to the 
evident astonishment ‘of many of the visitors. An 
interesting ‘exhiblic here was the working model of 


Mr. Mackay’s ice skating rink, in which circular 
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pipes are used. By keeping the water down to the 
el of the top of the pipes at first a smooth skating 
surface is obtained, whereas if there was any depth 
of water over the —_ at starting, the ice would 
present a ridge and furrow surface. 


Brickmaking machinery was well represented in 
various parts of the Show. Messrs. J. Whitehead 
and Co., of Preston, had a direct process machine, 
in which the wagons bring the clay from the ground 
and tip it close to the rollers. The clay falls into a 
horizontal pug mill, and passes out right and left at 
the end, through two moulds lubricated with water. 
It is then delivered onto a cutting table at each 
side, and when the stream of clay is issuing on one 
side it is standing on the other, so that a clean 
cut is easily made. This alternate feeding is effected 
by a wing on a revolving propeller, which forces a 
stream of clay out, first ugh onemouth and then 
through the other. Mr. W.G. Bagnall, of Stafford, 
exhibited a set of Stubbs’ brickmaking machinery, 
The press consists of a revolving table containin 
six pairs of discs, the table being fixed on a verti 
shaft and supported by friction rollers, and being 
driven on its periphery by spur gearing. While the 
clay is under pressure, the speed of the table is 
retarded to be again accelerr ted after the pressure 
has been given. This is effected by transmitting 
the driving power from the engine to the machine 
through a pair of elliptic wheels, This allows time 
for filling the empty moulds and taking off the 
newly moulded bricks. The clay is fed in squared 
up lumps into the moulds. The pressure is given 
by the dies poe over an incline on the bedplate, 
P just beneath the point where the lids—which 
are closed and opened automatically—come undera 
heavy friction roller. 

Mr. J. D. Pinfold, of Rugby, exhibited a good 
combined crushing, pugging, and brickmaking 
machine, in which the clay is tipped into the rolls 
by s lf-acting tipping gear. From the rolls the clay 

to the horizontal pug mill and thence to the 

ie, issuing in a continuous stream on to the cutter, 

by which the bricks are accurately cut while the 

clay is moving forward. This machine is intended 

for clays requiring rather more preparation than 
ordinary plant can give it, 

Mr. T. C. Fawcett, of Cromwell-street, Leeds, 
exhibited a strong and compact semi-dry brick ma- 
chine, We specially noti this machine in con- 
nexion with the Hull Show, since which time Mr. 
Fawcett has improved its details. The bricks are 
pressed in a cylinder revolving horizontally on its 
axis and receiving pressure from above. Formerly 
the pressure was transmitted by means of cams, but 
Mr. Faweett now uses a crank arrangement for that 

urpose, In the semi-dry brick machine of Messrs. 
radley and Craven, of Wakefield, Yorkshire, the 
raw clay is fed into a mill and ground under edge 
runners, in a , on a dead plate, and pressed 
through a perforated bottom outside the roller- 
th. The clay falls into a bottom dish, and is fed 
y scrapers to the elevator box, whence it is car- 
ried to the moulds. On the removal of the charger 
the clay is subjected to a blow from a heavy ram, a 
snail cam follows up the compression by positive 
pressure of a piston, the brick being released from 
adhesion to the piston by a moving panel. 

Messrs, Bass and Slater, of Bow-street, Sheffield, 
exhibited several of Titley’s brick and tile presses, 
which have been improved by the substitution of a 
new action. The screw handle formerly required 
two turns, whereas it now only requires one, and in 
the old press there was a lever for raising the 
moulded brick, which is now raised by the return 
action of the handle. 


SaniTary APPLIANCES. 

Milburn’s Engineering Company, of New Cross, 
have considerably modified their sewage drying appa- 
ratus, which has been greatly improved s'nce it was 
first introduced to the public, In the latest example, 
which was exhibited at Birmingham, the alterations 
are connected with that part of the apparatus by 
which the wet manure is acted upon by scrapers 
and stirrers alternately, and is gradually brought 
from the head of the machine over the heated floor 
and delivered dry and in a powder at the tail end. 
As we intend referring to this machine at a future 
time, we need not now enter into its details, suffice 
it to say that its adoption in the neighbourhood of 
Birmingham has been so far very successful. At 
the stand of the Bristol Wagon Works Company, 
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chine. It consists of a sweeping machine proper, 
which is fitted with a rotary brush 3 ft. in diameter 
and an elevator, which carries the mud up an incline. 
The machine is coupled up to a cart furnished witha 
hopper into which the mud is delivered. The brush 
sweeps a width of 4 ft. 6 in., and during recent ex- 
periments is stated to have filled the cart with two 
tons of mud in an average of from four to five minutes. 
It is, however, at the best a cumbersome piece of 
machinery, and in towns with much traffic the pur- 
pose would be better served by a self-contained 
machine, that is, sweeper and cart in one. 


MISCELLANEOUS MACHINERY, 


Amongst the six thousand five hundred articles 
exhibited at Birmingham, there were necessarily 
many which it falls within our province to notice, 
but which can hardly be classified under any of 
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the preceding heads, and which are too few in num- 
ber to be arranged in classes of theirown. ‘These 
we propose to notice under the above general head- 
ing. And first we should notice Aspinall’s potato 
raising machine, which was exhibited by Messrs, J. 
W. Robinson and Co., of St. Anne-strect, Liverpool, 
and for which implement a silver medal was awarded. 
This raiser consists of a compound separator, re- 
volving on a horizontal shaft, and composed of discs 
with corrugated edyes, alternating with plain discs, 
which remove and separate the earth and potatoes 
gradually and gently, as they are raised by a plough- 
share, which precedes the discs. The corrugated 
and plain discs revolve at different e gers and the 
separation of the earth, potatoes, and vines, is com- 
piste. as proved by the trials at Birmingham, which 
ed to the medal being awarded. 

Messrs. Pick and Baker, of Bedford, exhibited a 
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set of Mr. P. Love's tackle, for cutting peat from 
the bog and for draining fens. The drainer is ope- 
rated by steam ploughing tackle, and consists of a 
cutting blade with the bottom so arranged as to 
leave a horizontal bore hole at any given distance 
below the surface. The peat machine is operated 
in the same way as the drainer. The surface is first 
traversed by a light disc cutter, which cuts the 
length of peat desired. The peat plough or slicer 
is then started at right angles to the cuts made by 
the discs, and cuts out four slices 7 in. wide by 4 in, 
deep, and turns them over on edge to dry. 

Messrs. M. Selig and Co., of Queen Victoria- 
street, London, had at their stand a handy little 
tool in Bohlken’s earth borer. This tool is an 
augur, with extended wings like a screw pile. They 
are made in various sizes, and by lengthening the 
rods will bore down to a depth of about 20 ft. "hey 
are useful for boring holes for telegraph and other 
posts, planting trees, and for investigating the cha- 
racter of upper strata of earth. 

At the stand of Mr. H. R. Marsden, of Leeds, 
was a collection of stone-breakers. ‘The novel 
feature in these machines is the construction of the 
cubing jaws. The fixed jaw is put in with a false 
cast-iron back, on which strips are left which are 
planed. The back of the serrated jaw has strips of 
wrought iron cast into it, which are planed and 
faced, corresponding with the strips on the false back, 
Aneven bearing is thus formed, and the jaws are 
not liable to fracture under strain. The wearin 
parts of the jaw are thus much more readily resin | 
than previously. The moving jaw is in two parts, 
the upper half having coarse serrations for sledging, 
and the lower half fine serrations for finishing the 
work. Both portions of the jaw are held together in 
a solid jaw block by a wedge piece bolted through 
from the back of the jaw. Sturgeon’s high-speed 
air compressor, illustrated by us on pages 319 and 
$22 of our eighteenth volume, was at work 
at the stand of Messrs. Bass and Slater, of Sheffield, 
being engaged in driving alternately an Ingersoll 
rock drill, and one of Gillott and Copley’s rotary 
coal-cutting machines. The latter machine was 
illustrated by us on page 274 of our seventeenth 
volume. 

The Auto-Pneumatic Lighting and Heating Com- 
pany, of 114, Strand, London, exhibited several of 
their gas machines and a Lenoir gas engine, in which 
asmall charge of gas was electrically exploded in 
front and at the back of the piston alternately. The 
engine worked steadily during the Show, and is 
stated to be answering in practice for small powers. 
Mr. W. H. Baxter, of the Lawn, Brixton Hill, 
London, had an interesting show of grain weigh- 
ing and measuring machines, in which the grain 
is fed automatically to a revolving drum having 
compartments in which the grain is weighed and de- 
livered, the weight being registered by an index, 
The measuring machine is on the same principle, and 
both are unerring in their working. The weigh- 
ing machines are of various sizes, and one size will 
weigh 18 tons of wheat per hour without power, 
The measuring apparatus is also in various sizes ; 
the most usual size is capable of measuring six 
bushels of corn minute without labour, 

The Baker blower attracted attention by its pecu- 
liar noise at the stand of the Savile-street Foundry 
Company, of Sheffield, This blower is a very use- 
ful one, and has been favourably reported upon by 
those who have used it, and by a committee of the 
Franklin Institute. But what it has to do with 
agriculture, any more: than the puddling maching 
we noticed last week, and many other exhibits, w, 
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are at a loss to conceive. A handy little machine, 
the Empire portable forge, was to be seen at the 
stand of Messrs. J. G. Rollins and Co., of Old 
Swan Wharf, London Bridge. The new feature in 
this forge is a swivelling blast handle, which 
enabled the smith to work nearly all round the 
forge, 

Beene grioding wheels were found at two stands. 
Messrs. er and Budenberg, of Manchester, ex- 
hibited Bollmann's self-acting grinding machine. 
The emery wheel runs at a high speed—about 
6000 ft, per minute—and is a very. effectual grinder 
for metals, as was demonstrated at the Birmingham 
Show. The other grinder was specially adapted for 
sharpening the knives of reapers and mowers, and 
was exhibited by Mr. H. Denton, of Wolverhampton. 
The dise was set on a revolving spindle with a uni- 
versal joint, and was, therefore, adaptable to any 
angle and make of knife, 

At the stand of Messrs, Tangye Brothers was a 
new brake block, the invention of Mr. Cherry. 
The block is made self-sustaining by means of a 
brake. The power is obtained by a pinion working 
into internal gear, and the weight is sustained by a 
friction brake, which is relieved by a lever and rope 
when desired, 

Messrs, Lawrence and Porter, of 36, Parliament- 
street, London, exhibited several of their centrifugal 

umps in action, a good steady volume of water 

eing thrown. In these pumps access is obtained to 
the disc from the side, which somewhat reduces the 
size of a pump of a given power. The swivel pump 
is mounted on a light carriage, and is adapted for 
farm andirrigation purposes. ‘The glands are packed 
from the inside of the wheels, and outside the car- 
riage is a driving pulley for the application of power. 
The shafts are coupled up to the pin of the engine 
by a pair of eyes. 

A neat arrangement of lifting jack, for adjusting 
pam machines, was shown at the stand of 
Messrs, R, A. Lister and Co., of Dursley. A groove 
is formed in the bottom of the jack, which rests 
upon a stand so arranged that the jack may be 
worked at any angle, the strain being thus taken off 
the screw, The bottom of the stand is serrated so that 
it cannot slip. A still neater arrangement of jack was 
to be seen at the stand of Messrs. Robey and Co., 
of Lincoln, and which they term their machine 
adjuster, The jack and stand are in one, and the 
little implement can be swivelled in any direction, 

We must now bring our notice of the Birming- 
ham Show to a close, which, however lengthy, by no 
means exhausts the list of minor novelties which 
investigation disclosed. The Show was in every way 
&@ good one, and was—as it deserved to be—a 
success, 








BOILERS AT THE PHILADELPHIA 
EXHIBITION. 

‘Tne steam for working the engines and supplying 
power in the Machinery Hall at Philadelphia is 
generated in a large variety of boilers, many of which 
have at least novelty to recommend them, We pro- 
_— to notice the principal different types, and, as 

aras possible, to illustrate them. T e difficulty, 
however, of obtaining complete drawings of the 
boilers from the makers is experienced in this as in 
all other sections of the Exhibition, 

In the American boiler houses, we find amongst 
others the following forms of construction are ex- 
hibited : 

1. Firminich’s steam boiler. This is illustrated 
on page 72, where Fig, 1 is a transverse section 
on line AA, Fig. 2 a longitudinal view, with part 
of the brick casing removed, and Fig, 3 an end 
elevation. From these figures it will be seen that 
the boiler consists essentially of five horizontal tubes 
or trunks, the upper one of which is used as asteam 
chamber, and is connected by two short pipes on 
each side to the lower tubes in the top of the boiler. 
‘These latter are formed with a flat pertia under- 
neath, and correspond in section with the two bottom 
trunks. In Fig. 1 it will be seen that the lower and 
upper sections are connected withdouble and parallel 
rows of tubes converging from the lower to the upper 
trunks, ‘The lower trunks are connected with a 
horizontal circulating pipe, as shown in Fig. 5, and 
at the rear of the boiler are blow-off and feed pipes, 
shown in details, Figs, 4,5, 6. There are altogether 
100 of the long inclined connecting tubes, 25 in each 
row, but these are not, as will be seen in Fig. 2, 
spaced at equal distances a throughout, wider 
Spaces being left at two places for the introduction 


larger scale the various details of this boiler, which 
is encased in brickwork, as shown. It is rated at 
100 horse power, 

2. Wiegand’s boiler, constructed by the Steam 
Generator Manufacturing Company, Philadelphia. 
A general view of this boiler is shown in Fig. 14. It 
also is a séctional boiler, and claimed to be 180 horse 
power, - It consists of ten sections (that shown in 
the drawings has only eight). Each of these is of 
east iron, and double, connected at intervals by 
yertical legs, as shown. The upper one of this double 
trunk is circular, 11} in. in diameter, the lower one 
is Q-shaped, 11 in. wide inside, and 14 in. high. At 
a distance of 2} in, above the bottom a diaphragm is 
cast in this trunk, as shown. The whole of the 
lower sections are connected by a cast-iron feed 
pipe extending the whole width of the boiler, and 
joined to each section bya 5-in. pipe. To the upper 
section is attached a wrought-iron drum 36 in. in 
diameter, and 12 ft. long. ‘The water level in this 
boiler extends half way up the drum. From the 
lower, or Q-shaped section, depend a number of 
vertical tubes, 18 to each section, and of about 3 in. 
diameter. Within each of them is placed a small 
tube, after the manner of the Field tube, the upper 
end passing through the diaphragm in the Q section 
before described, and as shown in the drawing. The 
lower end of the larger tube is closed with a screwed 
cap, the bottom of which is formed with a shoulder 
all round for the inner tubes to rest upon, three 
spaces being left around it for the circulation of the 
water. 

3. J.D, Lynde’s boiler. This is also a sectional 
boiler, and consists of eleven rows of horizontal 
coils, there being three tiers of coils in each row, all 
communicating with trunks at the back of the 
furnace, on each side of which is a series of vertical 

ipes, 

, 4. Messrs. Black and Rogers, Morristown, Pa., 
exhibit the Miller boiler, the type of which is well 
known, ‘The one in steam has a centre cylindrical 
chamber, 30 in. in diameter and 11 ft. high, sur- 
rounded by 64 ten-inch tubes connected with the 
upper and lower ends of the chamber. At the top 
of the latter is a horizontal steam drum 22 in. {in dia- 
meter by 4 ft. long. 

5. Messrs. W. b. Andrews and Co., of New York, 
show a tubular boiler, formed like a locomotive fire- 
box, and about 6 ft. square. The furnace extends 
toabout one-third the height of the boilet, and is 
surrounded with a water space. At the back end 
a number of short tubes, or rather thimbles, allow 
the heat to pass into a chamber formed iu the brick- 
work, It then escapes through a series of horizontal 
tubes above the furnace into a chamber in front of 
the boiler, and finally passes through a upper set of 
tubes to the back where it enters the uptake. 

6. A Harrison’s safety boiler is shown, manu- 
factured at the Company’s works, Philadelphia. 
The only novelty in this consists in the addition of 
six extra sections at the top for a steam chamber, 
as shown in Fig. 16. ‘This is shown in the illustra- 
tion, which gives also details of the mode of fasten- 
ing the units together, in Figs. 16 to 19. From 
these details it will be seen that the different sections 
have countersunk joints, and the bolts. fastening 
the various series together are provided with a stud 
at one end, as shown in Fig. 17, while at the other 
they are secured by a nut. ‘This boiler is now used 
largely in the United States, 





CAR TRUCK FRAME DRILLING MACHINE. 

We illustrate on page 69 a special tool manufactured 
by Messrs. W. B. Bement and Son, of Philadelphia, for 
drilling at one operation the different holes required in car 
truck frames. The frame to be drilled is laid upon the 
table shown, and held there in position, the table with the 
frame plate upon it being then fed up to the drills. This 
table can be raised either automatically or by hand through 
the gearing shown. The drills are mounted on an upper 
frame, at the standard distance apart, and are driven by 
gearing from the coned pulleys. The drill spindles slide 
in the vertical holders, which are tubular, and they can 
be locked in any desired position by the set screws at the 
ends of the holders. The drill spindles can be adjusted on 
the cross frame to different distances apart so as to suit dif- 
ferent patterns of car frames. The tool is well designed, and 
where a number of frames have to be drilled to ane pattern, 
it isa very useful one, and capable of turning owt @ great 
deal of work. 











Tur Istuuvus or Darten.—M. de oo is directing 
his attention to the execution of a through the 








of deflecting walls to prevent the direct escape of th 
heat from the furnace, Figs. 7 to 13 show to > 


Isthmus of Darien. M. de Lesseps is President of an 
exploratory organisation which has been formed, Admiral 
Ronciére being the Vice-President. 


THE 81-TON GUN. 

During the present week the 8l-ton gun has 
undergone fresh trials in its altered condition, the 
experiments having proved in every respect satis- 
factory. In our last notice of this gun—which ap- 
pears at page 536 of our last volume—we gave the re- 
sults of firing down ‘to the time when the weapon 
was returned to the Royal Gun Factories to have 
its calibre enlarged t616in. It will be remembered 
that the original diameter of the bore was 14.5 in., 
with which bore 21 rounds were fired. The calibre 
was then increased to 15in.,'and with that diameter 
31 rounds were fired. With the same bore but 
with the diameter of the powder chamber increased 
to 16in. for a length of 40 in., 21 rounds more were 
fired, some with very heavy charges of powder, 
making in all 74 rounds fired up to the time of re- 
boring to 16 in.—its present calibre. ‘The enlarged 
diameter af the bore has involved the addition of 
two grooves to the rifling, the gun now being rifled 
in 13 grooves, instead of 11. The rifling is of the 
same pattern as before, i.¢.,. with a gaining twist 
from 0 to 1 in 35 calibres. The weight of the pro- 
jectile has been increased to 17001b., at which it 
will stand for the service shell, the weight having 
been decided upon as that which will give the same 

roportions to the shell as those of the 800 lb. shell 

or the 38-ton 12}in. gun which has lately been 
doing such good work at Shoeburyness. ‘The car- 
riage has also undergone some alterations whicli 
have been found necessary to enable the gun to be 
experimented with at Shoeburyness on the same 
carriage, instead of having a new one constructed 
for it, as it was originally expected would have to 
be done, The alteration consists in raising the car- 
riage, and consequently the gun, 10 in. by the trun- 
nions, thus enabling an eleYation of 10 deg. to be 
attained in range firing at Shoeburyness, ‘his has 
increased the weight of the carriage by some three 
tons, so that it now weighs about 43 tons. The gun 
is fitted with seven erusher gauges, one of which is 
in the rear or axial vent, and six in the powder 
chamber, placed at distances of } ft. apart from the 
end of the powder chamber and disposed spirally so 
as to cover a considerable area of the chamber. The 
gauges are inserted by screwing, and are, of course, 
withdrawn after each round and fresh gauges in- 
serted in their places. Thereis also a crusher gaugé 
in the base of each shot, which is further fitted with 
a copper gas check, and is expanded into the 
grooves by the explosion of the powder. 
The number of rounds fired from the 81-ton gyn 
down to the present time is 87. Of these 21 rounds 
were fired with the normal calibre of 14.5 in., 32 
with a 15-in, calibre, 21 with the same calibre and 
a 16-in, pounder chamber, and 13 with the present 
16-in, calibre. 

The trials commenced on Monday and were con- 
tinued on Wednesday last. ‘The following Table 
gives the particulars of each round and the results 
of firing : 
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Ta 220 | 1411 |23,466 |466.84| 86.91] 21.3 
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The first five rounds were fired on Monday, the 
next four on Tuesday, and the remaining four on 
Wednesday last. It will be seen that there is a 
steady progressive improvement in the results as 
the charges of powder are increased. A good com- 
parison between the results of firing under the pre- 
sent conditions of enlarged bore and increased weight 
of shot, but with the same weight of 1.5-in. powder, 
and those obtained with the same weight of the 
same powder in the gun with a 15-in, calibre, is 





afforded by rounds Nos, 48 and 53 of the whole 
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series, and round No, 8 in in the present series as 
in the foregoing tabulated statement. In round 
No. 48 the charge was 310 Ib. of 1.5 in. cube powder 
and a 1465 lb. projectile, which gave a muzzle 
velocity of 1553 ft. per second, a pressure in the 
gun of 22.5 tons per square inch, and an energy of 
24,493 foot-tons. No. 53 had a similar charge of 
powder and a 1469 lb. shot, and gave a muzzle 
velocity of 1551 ft., a presstre of 22.8 tons, and 
24,496 foot-tons of energy. Comparing with these 
round No. 8 in the present Table, we have a some- 
what lower velocity, but the projectile weighs 
230 Ib. more. ‘Theres however an excellent pres- 
sure of only 21.3 tons, and an energy of 25,193 foot- 
tons, facts which indicate that the Committee are 
working in the right direction. 

The principle of central ignition was tried in 
rounds Nos. 10 and 13. The arrangement con- 
sisted of a conical basket 16 in. long, and of small 
diameter, which was inserted in the base of the 
cartriage. The basket contained the means of 
igniting the charge which was fired through the 
rear or axial vent. The ignition took place in the 
centre of the cartridge, and at about one-third of 
itslength. The object of central ignition in heavy 
charges is to promote the rapidity of ignition, 
rapidity of combustion being quite a distinct matter, 
and one which in large charges has to be retarded. 
The conversion of every cube of powder into gas 
should commence as simultaneously as possible, but 
the combustion should be graduated according to 
the weight of the charge. By these means high 
local pressures, unaccompanied, by a corresponding 
increase of general pressure, are avoided. ‘The first 
of the two rounds thus fired may be compared with 
Nos. 6 and 7, and it will be seen that a charge of 
300 Ib. of powder centrally ignited shows some ad- 
vantage in pressure over the same weight of powder 
ignited in the ordinary way in one case, but not 
in the other. In the case of round No. 13, the 
pressure with 330 lb. of powder ignited centrally 
is only 20.3 tons, as against round No. 9, where 
the pressure is 2].3 tons per square inch, with 
the same weight of powder ignited from the ordi- 
nary vent. Whether this gain is due wholly or 
only in part to the method of ignition adopted 
can hardly be determined without further experi- 
ment, and a knowledge of the exact cubical space 
allowed to each charge per pound of a grad burned. 

The gun is at rest for the present, but the experi- 
ments will shortly be resumed possibly with still 
higher charges. One thing appears somewhat pro- 
bable, and that is, that powder with 1.5 in. cubes will 
be adopted for the 81-ton gun, as, so far, that size has 
given the best results. The weight of the projectile 
having been determined, and the size of the powder 
cubes approximately settled, there apparently only 
remain for solution the questions of the weight of 
the charge, its disposition in the powder chamber, 
and the method of igniting it. So far the Fraser 
gun is a complete success, and justifies the warm 
advocacy it had at the hands of General Campbell, 
when he was at the head of the Royal Gun Factories 
The experiments have been attended by Colonel 
Younghusband, R.A., Superintendent of the Royal 
Gun Factories, and President of the Committee on 
Explosives; Colonel G, T. Field, R.A., Colonel E. 
Wray, C.B., R.A., Colonel Goodenough, R.A. 
Major Alderson, R.A., and Mr. R. 8. Fraser, The 
velocities and pressures were taken by Captain C. 
Jones, R.A.,. and Captain Owen, R.A., the firing 
having been conducted by Captain Morley, R.A. 
There were also present the representatives of 
various foreign powers, and a number of scientific 
gentlemen. 


APPOLD’S FRICTION BRAKE. 
To THE EDITOR OF ENGINEERING. 

S1r,—The above well-known brake has been used by the 
judges in testing engines at the Royal Agricultura] Society’s 
various shows, as well as by numerous other engineers, and 
has, on account of its self-adjusting power, found great 
favour. In estimating the load carried it has, I believe, 
always been usual to take the full amount of weight hung on 
tothe strap, and not to make any deduction for the pressure 
on pins at fixed ends of levers. That this is generally accepted 
as being correct (or sufficiently so) I conclude from not 
having seen anything written to the contrary, either in En- 
GINEERING or elsewhere, excepting only a few remarks from 
you (vol. iv., page 194) in describing Mr. Balk’s brake. 

the error caused by not taking account of this pressure 
may, under certain conditions, be considerable, I send you 
herewith a few formule, as well as calculations, of brakes 
working under certain assumed conditions, in the hope 
that they may facilitate corrections. being made in esti- 
mating brake loads, where such corrections are necessary, 
and possibly induce users of this brake to test for themselves 
the pressure at fixed ends of levers, say, by a ‘‘ Salter’s”’ 
valance and regulating oil or water cylinder. 











Taking first a simple brake as shown by Fig. 1 and 

ing R = resistance to rotation of brake-wheel. W = 
weight hung on the strap. 6 = strain on strap at fixed end. 
p = part of circumference of wheel gripped by strap (here 


Fiy.t. 
9 R 








a C 
=.75). And f = co-efficient of friction (say for wood 
against cast iron slightly greased = .2). Then, according 
to well known formulz, 

2.73X.75x.2 


W=bx  ateca al b x10 


and R= W - b. 
If W = 3001]b. then 
strain b = 117 |b. 
and R = 183lb. . 

If we next secure the end of strap (which in Fig. 1 was 
supposed to be fixed to the framing) to a lever, as shown 
by Fig. 2, with arms in the proportion of 9 to 1, and use 
same Titers of reference as before, then taking p=say .8 
we have 


=b + 2.57 


e=b x Weer b2 x .73 


b 9 ‘ 
ssure a =—,c=— b, and W+c=e. 
xite 0 fo 

From above if we assume W=300Ib., then by simple re- 
duction we get pressure downward from short end of lever 
=c=148 lb. 

b=164 lb. 

a=pressure on ends of levers fixed to framing=16 lb. 

e= Ib. 

The resistance to rotation of brake wheel will as before= 
difference between the tensions at the two ends of strap, 
viz, R=e—b=448—164—284 Ib. i 

It is readily seen, and could be proved algebraically, that 
R=W—a=300 — 16=284 Ib. (as before). i 

In other words, for a friction brake constructed similarly 
to Fig. 2, the load lifted by the brakewheel= W— pressure 
on fixed ends of levers; this pressure for conditions as- 
sumed is over 5 per cent. of W. ; Tees 

In order, finally, to estimate the various strains in an 
“* Amos”’ brake as shown by Fig. 3, we must look upon it 


Fig. 3. 


li 









as a compound brake, or rather as a double brake with one 
strap gripping .75 of circumference and the other .25 of 
circumference of wheel. Letters of reference, proportions 
of lever, and coefficient of friction as before. 

e=b xX 10 23x .75x.2 — b 2.57 


cmd x 10273 x.25x.2 — d— 1.87 = 9 b 


10 
a== 1 b 
10 
e=d+W 


W =300 lb. By combination and reduction : 

a=16 lb. b=157 lb. c=141 1b. d=103 lb. e =403 Ib. 

The resistance to rotation will be=differences between 
strains at ends of the two straps added together. 

R=e—b+c—d 
=403—157 + 141—103=284 Ib. 

Or, as can be proved by simple reduction, R>W—a= 
300—16=284. 

Inthe above calculations I have for simplivity’s sake 
omitted fractions of a pound, 

It is not difficult to see that the smaller the coefficient of 
friction, the greater will be the pressure at a, and therefore 
the greater will be the error committed by neglecting it. 
For f=-1, the error would be more than 10 per cent. And 
for a higher coefficient than .2, or where more leverage is 
used, the error may be much less than 5 cent. 

It would be interesting to verify the ps ea deductions by 
practical tests. 

Yours obediently, 
W. ScHénuEYDER. 

(Mr. Schénheyder’s letter was received by us some weeks 
since, but its publication has been ane as we proposed 
to give in connexion with it an article bearing m the 
points which our correspondent raises. Inasmuch, how- 
ever, as a paper by Mr, Rich on friction brakes has just 
been read before the Institution of Mechanical Engineers, 








we think it desirable that Mr. Schénheyder’s letter should 
now appear. As we stated last week (vide 60 of our 
last number), the effect of the pendulous adjusting levers 
depends materially upon the e at which the strap leaves 
them, while in the case of the icultural Seciety’s 
trials the reduction of load due to the action of the pendu- 
lous levers is to a + extent compensated by the friction 
of the brake spindle. On these and other points connected 
with the subject we shall, however, have something to say 
in an early number.—Ep. E.] 





THE STRENGTH OF BOILER FLUES. 
To THE EDITOR OF ENGINEERING. 

Srr,—In the long leader Phat have devoted to the subject 
of collapse, the ability of which I heartily recognise, though 
I entirely dissent from its conclusions, you have no doubt 
exhibited Fairbairn’s results in a form in which no useful 
result can be deduced from them.. Pardon me if I say that 
I think that is the redwctio ad absurdwm of your method 
of dealing with experiments. In no series of experiments 
are the results equally trustworthy. It is the business of 
an experimenter to discriminate the relative value of his 
experiments, to reject the untrustworthy, and in some cases 
to attach a different wees to different experiments. In 
doing so he may no doubt commit errors, but it is certain 
that no one else is competent to correct his verdict. 

There are only two experiments which were rejected by 
Fairbairn which are discordant from the rest. ‘Those are 
Sland 32. One was a steel tube which was markedly 
elliptical,* as is noted in the table of the experiments 
That the ellipticity did affect its resistance is shown con- 
clusively in this way. It was divided by web plates into 
three compartments, the end ones 21} in. long, and the 
middle one 17 in. long. Had all three compartments been 
cylindrical, the middle compartment would have been the 
strongest by about 20’per cent. Butthe end compartments, 
though elliptical, were less so than the middle one, and 
hence the middle one gave way, and the end ones were un- 
injured. It is obvious that this e iment is rightly 
rejected. No. 33 was slightly elliptical, but much less so 
than No. 32. May I suggest that the ellipticity reduced 
its strength as much as you suppose the cross joints in- 


c it. 

No. 31, the other tube which gave a discordant result, 
did not as you state fail first at 146 lb. and after repairin 
at 150 lb. It sprung a leak while carrying 150 lb., an 
after repairing, collapsed at 146 lb., or less than it had 

reviously carried. ‘That certainly is not very satisfactory. 
have no doubt myself it was flattened while being caulked. 

You will see therefore that I do not admit that these two 
experiments should appear on your diagram. There are 
two other experiments which I think onght to have 
appeared there, the two experiments on full-sized flues with 
q-in. plates, for practical purposes the most important ex- 
periments in the memoir. 

I regret that you have totally misunderstood the formula 
I gave. I have not used it at present in support of any 
view as to the law of collapse. The deduction you make 
from it, that the strength varies as the cube of the thickness, 
would only be sound if n were not a function of ¢. I ex- 
pressly guarded myself, in words, from asserting that. 

No doubt more experiments are wanted. That, however, 
is not the question. Boilers have to be constructed, and 
some rule for collapse must be used. I regret that at pre- 
sent we are not agreed as to what that rule should be. 

I am, Sir, truly yours 
W. C. Unwin. 
July 17, 1876. 





A NEW INVENTION. 
To THE Eprror oF ENGINEERING. 

Srr,—After a fruitless round of inquiries amongst rail- 
way men and others, I turn to you, the ‘‘ guide, philosopher, 
and friend’ of all railway engineers, to ask what is the 
nature of the invention made by Sir Edward Watkin’s son, 
and referred to by the proud father at the last general 
meeting of the Metropolitan Railway Company as an ample 
justification of his son’s nomination to the Board, inas- 
muchas thesaid invention was conducive to public safety, and 
had already saved, or would shortly save, a sum equivalent 
to ten years’ of his son’s salary should he remain a director ? 
It is so unusual for the secret of an important invention of 
this kind to be successfully kept, that I at onetime thought 
the whole incident was merely an instance of unconscious 
cerebration on the part of Sir Edward. On second thoughts 
it occurred to me that there might be solid grounds for 
his statements, apart from his very natural paternal 
preference. It is tolerably well known from paragraphs in 
the daily press that for many years past the intellectual 
activity of the younger Watkin finds a safe vent on £ 
occasions—such as a royal visit—in the congenial work of 
engine driving. Can it be that this natural tendency of Sir 


Edward’s son to gravitate to the foot-plate is to be taken 
advantage of, that by electing him to the Board of 
the Metropolitan Railway, Punch’s panacea for railway 


collisions—carrying a director on the engine—is at last to 
be realised ? 
Yours res ally, 
TER MECHANIC. 








RAILWAYs IN THE DutcH Inp1Es.—The directors of the 
Dutch Indian Railway Company report that the company 
made some progress in 1875, since the balance at the credit 
of the profit and loss account admitted of the distribution 
of a dividend at the rate of 44 per cent. per annum. 
The Dutch Government has intimated that it is: prepared 
to open negotiations with the co with a view to an 
extension of its network. On the Norsten- 
landen line, the receipts increased last year to the extent 
of 17 per cent., while the expenses declined 4 per cent. 


* Its diameters were 15 x and 154. 
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ENGINE AND BOILER FOR U.S. STEAM CUTTERS, AT THE PHILADELPHIA EXHIBITION. 


CONSTRUCTED FROM THE DESIGNS OF CHIEF ENGINEER CHARLES H. LORING, U.S.N. .- 
















































































Fig. 2. 



































































































































































































































oe eet ee ae || FY fr. 
i 13 | ES 4 % 
an 4 y 






























































Wr have already (vide pages 486, 508, and 509 of our last 
volume) illustrated some of the exhibits of the United States 
Navy Department at the Philadelphia Exhibition, and we 
now give engravings of another, namely, an engine and 
boiler of the type used for steam cutters 33 ft. long, 8 ft. 
7 im. beam. and 8 ft. 9}in. in depth. This engine is of a 
class designed by Chief Engineer Charles H. Loring, U.S.N., 
in 1870, aad it has a single cylinder 6 in. in diameter, with 
6 in. stroke, this cylinder being cast in one piece with the 
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frame and bedplate, The boiler is of the vertical tubular 
type, the tubes being 151 in number, 1 in. in diameter out- 
side, and 26 in. long over tube plates. The total heating sur- 
face of the boiler is 90 square feet, and the firegrate area 
8.14 square feet, while the capacity of the steam room is 
2.75 cubic feet. As will be ‘seen from Fig. 1, the steam 
room is increased by the provision of a submerged steam 
chamber, which is connected to the upper steam space by 
pipes reaching to the top of the boiler. A drain cock is pro- 








vided (as shown in Fig 1), for draining the submerged 
steam chamber of water. The steam, in its way to the 
cylinder, passes through a superheating coil arranged in 
the smokebox as shown, a single casting fixed to the steam 
pipe being fitted with both the safety valve and stop valve. 
The general design is very neat, and is so clearly shown by 
our engraving, that a detailed description is unnecessary. 
The total weight of the engine and boiler, including water 
in the latter, is 1750 Ib. only. 
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CHERRY’S COMPOUND STEAM PUMPING ENGINE. 
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In our account of the Birmingham Show last week, we 
noticed briefly a new form of compound steam pump exhi- 
bited by Messrs. Tangye Brothers, of Birmingham. This 
pump is one constructed on the patent of Mr. Cherry, who 
is connected with Messrs. Tangye’s works, and we now give 
on the present page views of it which will explain its pecu- 
liarities clearly. Our engravings show the steam cylinders 
of the pump only, there being nothing peculiar about the 
pump proper. 

Referring to Figs. 1 and 2, it will be seen that the low- 
pressure cylinder B surrounds the high-pressure cylinder A, 
the low-pressure piston being annular and having two piston 
rods which are attached to the same crosshead as the rod of 
the high-pressure cylinder. The high-pressure cylinder is 
fitted with a liner as shown, the space between this liner and 
the cylinder proper forming a steam jacket from which heat 
is radiated into both cylinders. 

The distribution of steam to both cylinders is effected by 
a single slide valve c, the passages for the high-pressure 
cylinder being formed in the cylinder covers as shown. At 
the ends of the valve chest are short cylinders a and b, 
these cylinders containing pistons which are both cast in one 
piece with a connecting bar having steam passages formed 
in it. From this bar a cylindrical boss projects downwards, 
and enters a suitable hole in the main valve c, any motion 
of the two pistons just mentioned being thus communicated 
to the main valve. The boss on the connecting bar just 
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mentioned is hollow, so that it forms a connexion with the 
exhaust cavity of the main valve. 

On the back of the main valve c is a small supplementary 
valve d, which is capable of moving transversely to the line 
of motion of the main valve, and which has on its back 
projecting lugs placed obliquely and having a sliding block 
fitted between them. A finger depending from a short rock- 
ing shaft takes hold of this sliding block as shown, The 
rocking shaft passes out through a stuffing box at the side 
of the valve chest, as shown in Fig. 2. Outside the valve 
chest the rocking shaft carries a forked arm having adjust- 
able contact pieces, which, at the ends of the stroke of the 
main pistons, are struck by a pendulum lever which is con- 
nected by a link with the main crosshead. The arrange- 











mont is shown by dotted lines in Fig. 1, and in the plan, 
ig. 3. 

The action of this valve gear is as follows. Let us sup- 
pose the main pistons to be approaching one end of their 
stroke—say that to the left hand of Fig. 1—then the pen- 
dulum lever strikes one of the contact pieces on the forked 
arm carried by the rocking shaft, and partially rotates that 
shaft. This movement shifts the sliding block on the back 
of the small auxiliary slide valve and causes that valve to 
move transversely, this transverse movement uncovering 
one of the auxiliary steam ports (see Fig. 2), and admitting 
steam to the short cylinder a at the end of the valve chest 
This admission of steam shifts the main valve towards the 
right, and thus admits live steam to the left-hand end of 
the high-pressure cylinder, at the same time placing the 
left-hand end of the low-pressure cylinder and right-hand 
end of the high-pressure cylinder in communication. The 
main pistons then commence their stroke towards tbe right. 
We have said that the transverse movement of the auxiliary 
valve would, under the conditions above supposed, admit 
steam to the short cylinder a for the purpose of shifting the 
main slide valve. But immediately that valve begins to 
move it would, through the effect of the inclined slides at 
the back of the auxiliary valve, shift that valve so as to cut 
off steam from the auxiliary cylinder a. The effect of this 
is that the quantity of steam admitted to the auxiliary 
cylinder at each stroke is only that sufficient to start the 
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main valve, the remaining movement of that valve being 
effected by the expansion of the steam in the auxiliary 
cylinder. Referring to Fig. 8, it will be seen that a simple 
arrangement is provided for cushioning the auxiliary pis- 
tons. This consists of a tube in each auxiliary cylinder 
which fits and slides in the corresponding steam passage 
leading to that cylinder, this tube being perforated so that 
the steam can pass out from fits interior into the cylinder. 
The movement of the corresponding piston covers the per- 
forations in the tube before the end of the stroke is reached, 
and thus shuts sufficient steam into the cylinder to form a 
cushion, 

The whole arrangement of the gear we have described is 
very simple and ingenious, and the pumping engine con- 
structed on the plan, and exhibited at the Birmingham 
Show, worked most satisfactorily. In conclusion, we 
append on the previous page copies of a pair of indicator 
diagrams taken from one of these pumps, which will show 
the distribution of steam effected. 


AMERICAN RAILWAY POSTAL CAR. 

We illustrate this week, by a two-page engraving, a 
railway post-office car for the Lake Shore and Michigan 
Southern Railroad. This railroad, which forms one of the 
important lines of communication between the Eastern and 
Middle States, has a total length of 1112 miles, of which the 
main line running from Buffalo to Chicago is 530 miles 
long. 

The general arrangement of the car will be understood 
from the engravings, from which it will be seen that the 
length of body is about 50 ft., and the width over all 10 ft. 
The plan, Fig. 3, shows the accommodation for sorting and 
collecting the mails, the former operations beiug carried on 
at the counters in the middle and at the end of the car. Oppo- 
site the former counter, which is provided with a series of 
paper boxes, are brackets for hanging up the mail bags, and 
in another part of the car are a number of stanchions for 
storing them. 











NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday. 

Reopening of Earl Fitzswilliam’s Low Stubbin Collvery. 
-~The Low Stubbin pit, near Sheffield, belonging to Earl 
Fitzwilliam, which was closed owing to a dispute with the 
miners, on April 22nd, 1875, is being got ready for being 
reworked with all possible despatch. When the colliery is 
in full operation it gives employment to about 400 men and 
boys. One portion of the workings lying at a lower level 
than the rest, is often flooded with water, and is now neces- 
sarily deeply filled. Pamping, however, has been resumed, and 
will, as usual, be continued three or four nights weekly, in 
order to keep the pit dry. The cost of potocning will be 
about 13001. The tramway, from the colliery to the Park- 
gate Iron Works, has also he repaired, a a set of new 
automatic electric signals has been fixed along it by Mr. 
Tyer, of Elescar. 

Wright's Patent Air Gas Machinery.—Last week Mr. 
William Wright, of Sheffield, showed a number of his patent 
atmospheric gas engines and appliances for various purposes. 
Amongst them was an ingenious adaptation of an electro- 
magnetic machine for pumping the air gas and blast into 
cylinders for heating purposes, and for melting the lead, &c., 
used by plumbers and water, &c., companies’ men in the 
operation of laying mains and other appliances of a similar 
nature. 


The South Yorkshire Miners’ Association.—Many of 
the East Derbyshire lodges, hitherto in connexion with 
the South Yorkshire Miners’ Association, now threaten se- 
cession, and are holding meetings preparatory to commenc- 
ing a union of their own in Derbyshire. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—In the North of England 
pig-iron trade this week, more business has undoubtedly 
yeen done than has been the case for some time past. There 
is a probability of the make being reduced considerably, 
and a scarcity of iron will ensue. Consumers, are, there- 
fore, wanting to get their iron before there is any difficulty 
in obtaining it and prices increase. Makers are not desirous 
of doing forward business, and have raised their quotations 
of foundry iron No. 1 G.M.B. to 50s. 6d., and No. 8 to 
463. 6d. less the merchant’s commission. It is out of the 
question to get foundry iron for immediate delivery. The 
oundries throughout the kingdom are in active operation, 
and aro using a quantities of iron, thus much of 
the foundry iron that is produ is being sent away 
Forge iron, however, sells very badly, because the finished 
iron works are mostly closed, and are likely to be so for 
some time to come, there being no prospect of improvement 
in the finished iron trade. Producers e:mnot get any 
orders, and their stocks having been increasing they have 
reduced their prices to 42s. per ton. The ironmasters 
adhere to their resolution to enforce the reduction of 10 per 
cent. in blast furnacemen’s wages, which is to take effect 
on Saturday next, and at a meeting of the Association held 
yesterday they resolved to prepare the furnaces for 
standing wherever the men refuse to accept the reduction. 


_ The Finished Iron Trade.—All departments continue 
inactive, three days per week being about the average time 
worked. Considerable distress prevails among the iron- 
workers, who in addition to broken time have low wages 
fo veemre. Many are going to eon ee to find work, 

is a use proceeding, for there is a surplus of 
labour throughout the kingdom. Welsh rail teabees are 
accepting 51. 10s. for their rails, and therefore North of 








land makers who cannot accept less than 67. must be 
content to see the orders go to that district. There is not 


much doing in the ie trade, but the firms have a few | G 


orders on hand, and this department is better employed 
than any other. Bar makers are getting only a hand-to- 
mouth supply of contracts, and are unable to keep up their 
prices. 


The Iron Shipbuilding Trade.—Rather more is being 
done in this department in this district, but several of the 
vessels that are in course of construction are being built 
on speculation. We have had several launches on the Tees, 
and at Hartlepool, during the past few days. Thereis, how- 
ever, a better demand for iron sailing ships than for screw 
steamers, it being less expensive to work the former. 


The Financial Difficulties in Cleveland.— During the 

st fortnight rumours of financial difficulties in Cleveland | 

ve been freely circulated, and within the past few days it 
has been stated that Thomas Vaughan and Co., who are 
the owners of fourteen blast furnaces at Eston, Middles- 
brough, the Whessoe Iron Work, at Darlington, the 
Bishop Auckland Works, Ironstone Mines at Skelton, and 
one or two collieries in South Durham, were unable to 
meet their bills. ae have been held, at which ex- 
perienced men of financial position have attended to con- 
sider what steps should be taken under the circumstances. 
It is hoped that the vast undertakings of Thomas Vaughan 
and Co. will be taken over by a limited — company, 
some of the creditors having intimated their wi ~ 
aid in the adoption of such a scheme. To-day (W oo) 
a meeting is being held in Leeds, and it will there be defi- 
nitely settled whether the p limited company will be 
floated. The greatest ible interest is evin in this 
matter, as upon the settlement of Vaughan’s affairs depends 
the fate of several large firms in the Cleveland district. It 
is stated that a well-known country solicitor has a heavy 
claim against the works. 


NOTES FROM THE NORTH. 
Giasaow, Wednesday. 

Glasgow Pig Iron Market.—The pis iron market was 
quiet and drooping all day on Thursday last. From 57s. 
cash sellers came gradually down to 56s. 7}d., with only 
one or two lots reported done at that figure. There were 
sellers at the close at 56s. 74d. fourteen days, and buyers 
at 56s. 6d. cash. On Friday morning the market opened 
lower in co’ uence of the settlement of the difficulties in 
the North of England, which has caused a temporary ad- 
vance in values in the early part of the week. Sellers 
accepted 56s. 3d. cash, but the price gradually rose to 
56s. 44d. and 56s. 6d. cash paid, the forenoon market clos- 
ing with sellers still at the highest ‘point. The afternoon 
market was quite nominal at 56s. 6d. cash. Monday’s 
market was strong during the forenoon, with business done 
at 56s. 74d. cash, closing buyers over at that price, and at 
56s. 9d. one month open, sellers 56s. 9d. prompt cash. In 
the afternoon the market continued steady without altera- 
tion from the forenoon’s closing quotations. The market 
was very strong Prey pe forenoon, when a large amount 
of business'was‘done in warrants at 56s. 9d. and 56s. 10}d. 
cash, also 57s. one month open, closing sellers at 56s. 10}d. 
cash, buyers 56s.9d. The afternoon market was 
strong, and prices remained unaltered. The warrant market 
was again very strong this forenoon, when a large business 
was dene at 
month open, closing sellers 57s. 1}d. cash, buyers over. 
Buyers remained at the close of the afternoon market at 
57s. and sellers at 57s. 14d. cash, and it was announced 
that Messrs. William Baird and Co. had reduced the price 
of their No. 1 Gartsherrie 1s. per ton. Last week’s ship- 
ments amounted to 7251 tons as against 11,282 tons in the 
corresponding week of last year, and the total decrease this 

ear has now reached fully 61,000 tons. There are still 
lis blast furnaces in operation as against 117 at the same 
time last year. 


Water Supply for Perth.—At the last monthly meeting 
of the Water Commissioners for the burgh of Perth, a re- 
port by Mr. Bateman, C.E., London, on the proposed new 
schemes for supplying water to the city of Perth was read. 
About ten different sources for a water supply had been 
spoken of—these being different lochs, rivers, and burns in 
Perthshire, but Mr. Bateman considers that the best of all 
the schemes is to extend the present system of pumping 
water from the filter beds in the Tay at Moncrieffe Island. 
After drawing attention to the great advantages to be 

ined by having a good water supply, Mr. Bateman speaks 

hus of the water which constitutes the present supply, 
** The water so collected is of very great purity, it is pone | 
good in high and low water—and, notwithstanding the 
we of the city, which is poured into the river above the 
island, the water is not only remarkably pure, according to. 
chemical analysis, but, as I am informed, and as I in 
part the opportunity of observing, it is bright and brilliant 
under all circumstances of theriver. This is due, no doubt, 
to the great extent of sand through which the water must 
filter before it enters the collecting drains. I am convinced 
no better water could be procu anywhere, and I am also 
convinced that an en ment and improvement of these 
works will enable the city to obtain an abundant supply at 
less cost than going to distant places.’’ He recommends the 
erection of new reservoirs on the Burgh Muir at an eleva- 
tion of 330 ft. from the centre of the city, and i 

power in pumping the water from the river, by which an 
excellent and fully anes supply could be provided for 
all parts of the city and suburbs. Mr. Bateman estimates 
the cost of this extension at 30,0001. The report will be 

i at the next meeting of the commissioners. 

Greenock Water Works.—At the last monthly meeting 
of the Greenock Water Trust it was stated that the ac- 
counts in connexion with the new water works at the Gryfe 
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had been closed by the payment to Mr. Young, contractor, 
of 58987. 17s., being the balance, including interest and 





proportion of expenses on arbitration, due to him in con- 


nexion with the Gryfe reservoirs. The total cost of the 
scheme for obtaining a water supply for Greenock from the 
ryfe has been 145,0001. 


Fire Alarm Belis.—It may be interesting to know that 
many important buildings in Glasgow are provided with an 
ingenious and most effective system of fire alarm bells, ar- 
ranged on a principle which has been devised by Mr. R. 8. 
Symington, telegraph engineer. Their suitableness for the 
purpose intended may be judged of when it is mentioned 
that on one occasion, during the recent very hot weather, 
the bells erected in connexion with two large warehouses. 
commenced to ring violently, and the consequence was that, 
in both cases, firemen were despatched from the Central 
Police Fire Brigade Station to examine the premises. In 
neither case was there any appearance of fire inside the 
buildings ; and the natural fae om vs was that the great 
heat of the day had so influenced the apparatus as to bring 
the ringing mechanism into active use. 


The Peterhead Harbour Improvements.—It is stated that 
the tenders submitted to the Peterhead Harbour Trustees, 
at a meeting held yesterday week, were found so much 
above the engineer’s estimate that the Board resolved not 
to accept any of the contractors’ offers, but to proceed at 
once with the construction of the works under the superin- 
tendence of a resident engineer. 


Highland Society’s Show at Aberdeen.—The annual 
show of the Highland and Agricultural Society of Scotland 
is being held at Aberdeen this week. There is a very good 
collection of agricultural implements and machinery, but 
owing to the great distance of Aberdeen from most of the 
manufacturers of such goods, and owing, also, to the fact 
that the Birmingham Show of the Royal Agricultural 
Society of England was not well terminated when the show 
began in the “‘ granite’’ city, the latter is far from being so 
complete and varied as it would otherwise have been. 


NOTES FROM THE SOUTH-WEST. 
Devonport Dock.—A gate on the port side of the entrance 
to the north dock at Devonport yard was slung and put in 
place on Saturday, after which the dam at the entrance 
will be cleared, and the dock prepared to receive vessels. 
The Briton, it is expected, will be the first ship docked. 


Aberdare.—Messrs. D. Davis and Sons have struck the 
No. 6 vein of coal at Blaengawr, where they have a mineral 
property containing some millions of tons. This coal is 
well known as a steam coal of excellent quality. It is 
rumoured that a company is being formed for the purpose 
of establishing in the neighbourhood of Aberdare, works 
adapted for the manufacture of cutlery and hardware. It 
is believed that the proximity to coal and iron and the large 
local demand which exists, will render this a lucrative 
undertaking. 


South Wales and Monmouthshire Sliding Scale Com- 
mittee.—A meeting of this committee was held at Cardiff 
on Saturday, when arrangements were made for the pay- 
ment of expenses arising out of its proceedings. A sum of 
691. which had been eslected at a number of collieries by 
the masters, was handed over to the representatives of the 
men, who have resolved upon the issue of a circular, calling 
upon all colliers to contribute towards the requisite funds. 


Caerleon Tin Works.—T hese works have been stopped and 
all the employés have been paid off. This sudden stoppage 
cast a deep gloom over the town. Mr. Moggridge has 
the sympathy of the inhabitants, and the workmen have 
met him at the Drill Hall with the view of organising some 
future action. 

Cross Keys New Bridge.—Twelve months since the 
Cwmearne flood took place. The Cross Keys bridge and 
canal were both swept away at the time, and Mr. Hunt’s 
factory and another dwelling-house were destroyed, together 
with eleven or twelve human lives. The bridge and canal 
have been restored, Mr. J. Firbank now, been the con- 
tractor ; the work has been done substantially. The bridge 
was opened for public use on Saturday. 


Torpedo Practice.—On account of the injury lately done 
to the moorings of the Foudroyant, Armstrong gun-drill 
ship at Devonport, from | torpedoes in her vicinity, 
the nayal authorities have decided on removing torpedo 
practice from the Hamoaze into Plymouth Sound. A‘torpedo 
practice ground for the use of both army and navy has been 
selected in Cawsand Bay, off Picklecombe Point. Buoys 
are to be placed there to mark out the extent of the ground 
reserved. Those buoys are to be painted with rings of 
white and green marked “‘ Danger,’’ and placed at safe 
distances from the torpedoes to warn boats and vessels 
from crossing the'ground. Even with every care, the 
establishment of a torpedo practice ground in the Sound 
must prove, however, an unpleasant innovation. 














Noxrous Manvuractures.—After about four menths’ 
delay the Government has appointed a commission to 
inquire into the escape of from mining, manufacturing, 
and other sources, amedelie in reference to sulphurous acid » 
sulphuretted hydrogen, out ammoniacal gases or vapours. 
On this subject we made remarks in our issne of July 7 
(p. 14 ante), and must repeat what we then said, that little 
benefit can be expected from the labours of the com- 
missioners. 


Tron AND Street Instrrurz.—The members of the 
Tron and Steel Institute will this year hold their annual 
meeting in Leeds from September 18th to 22nd inclusive, and 
a local committee has appointed to make all the 
necessary ments. It has been i to devote 
more time than usually been the practice to the reading 
and discussion of papers— 7 ing entirely set apart 
for this purpose, as well as Wed: and Thursday 
mornings—the afternoons of these days being spent in 
visiting works of interest in the neighbourhood. It is pro- 
posed on to make an ion by special train to 
visit the iron works of North Lincolnshire. 
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NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that we have appointed Messrs, Miller and 
Smith, 43, Exchange Piace, New York, the sole agents for 
ENGINEERING in the United States, and all subscriptions for the 
United States will in future be payable to them. essrs. Miller 
and Smith are also prepared to receive advertisements for 
ENGINEERING, and will afford full information as to terms, &c., 
on application. 








THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr. JOHN Bocart, the 
Secretary of the Society of Civil Engineers at the Cen- 
tennial Exhibition, will, until the close of that Ex- 
hibition, act as the representative of ENGINEERING, and 
communications relating to editorial matters may be 
addressed to him either at the Society of Civil Engi- 
neers’ rooms-at the Main Building of the Exhibition, or 
at 1100, Girard-street, Philadelphia. 
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THE PHILADELPHIA EXHIBITION. 

As time progresses the Centennial Exhibition at; 
Philadelphia arrives at a condition of more perfect 
completeness, and with the bright summer weather 
thesurrounding grounds attain even more beauty than 
they possessed upon the opening day. The crowds 
which are almost lost within the great enclosure, save 
at the special points of popular attraction, increase 
in number every week, and though probably some 
slight falling off in the attendance is to be expected 
in the burning months of July and August, there is 
little reason to doubt that this decrease will be far 
more than made up by the mass of visitors during 
September and October, always the two most 
crowded months at any exhibition. 

But little promise of numerous visitors from this 
country and the Continent now exists, and this is all 
the more to be regretted, because no previons ex- 
hibition has contained more objects of interest or of 
information to Europeans, and at none have so many 
facilities of every kind been offered to foreign visitors. 
To European engineers especially,the opportunities 
afforded by this Exhibition are valuable, and the 
criticisms upon this point which appeared recently 
in The Engineer are as untrue as they are ill-natured. 
They will probably. effect the object with which 
they were evidently penned, namely, to throw dis- 
credit upon American energy and enterprise, and to 
deter some among the few intending English visitors 
from making the journey, On this subject we ahall 
only say further that before we have completed our 





report upon theCentennial exhibits and subjects 
cognate thereto, we shall have justified our assertion 
that the strictures passed by our contemporary. were 
malicious and untruthful. : 
But the Exhibition and. its contents are but, as i 
were, a handbook only to the great industrial develop- 
ments of the United States, developments which to 
be believed must be seen, ;and which when. seen fill 
one with astonishment. that. so. much could have 
been effected within so.short a time, .The admirable 
address of the Hon. Abram S, Hewitt, President -of 
the Institute of Mining Engineers, gives the reader 
some idea of the magnitude of two of the most 
important. branches of industry in+ the United 
States—its mining and metallurgy—from the time 
when in 1622 one hundred and fifty workmen were 
sent from England to the American coloniesto erect 
iron works, until to-day when 2,108,000 tons of 
iron represent the production of last year. Of every 
different mineral indeed, except tin, the United 
States possesses practically unbounded resources ; of 
coal the quantity is equally unlimited; of petroleum 
she alone possesses, so far as is now known, those 
strange and extended subterranean stores, the dis- 
covery of which created not many years ago so wild 
an excitement, and by which now the whole world 
is supplied from some 3600 wells in the State of 
Pennsylvania and which furnish an average of about 
24,000 barrels of oil daily. The Centennial Exhibition 
contains specimens of nearly all these sources of 
national wealth, and though they do not of. them- 
selves afford much information to the visitor, all. in. 
formation respecting them may be obtained, and the 
centres of the various industries visited, for though 
distances are great, the facilities for overcoming 
them are great also, and the inconveniences of travel 
in the United States are reduced to a minimum. 
But manufactures of all kinds may be studied 
fully within the limits of the Exhibition itself, and 
the position attained by the United . States to-day in 
the pons of woollen, cotton, and silk goods 
would astonish many European manufacturers who 
look to a freedom from Transatlantic. monopoly for 
all time, notwithstanding that to-day the ex of 
cotton goods from New York to-Liverpodl:is. con 
siderable, if not at present very lucrative.: ss 
In machine tools America has much to teach and 
much to learn, but while she has given a wide 
opportunity to Europe to.come and study, Europe 
has given her in return little to learn from. There 
is not one foreign visitor to the Exhibition interested 
in this special branch of manufacture who should 
return home without having .learned much, unless 
indeed he be one of that class to whom M. Deby, of 
Belgium (pleasantly remembered by the members 
of the Iron and Steel Institute during’ their 
visit to Liége in 1873) referred, at a dinner. given 
at Fairmount Park by the Institute of ing 
Engineers, a class who like the writer in The Engineer 
refuses to see any good things in the United States, 
We fear much that the benefits that have been 
offered so freely to Europe by the, Americans at 
Philadelphia will be for the most part lost to them, 
excepting indeed through the official and other 
reports that may be published. Certainly. the direct 
and indirect benefits that. would have accrued:to this 
country will be reduced to miserable . dimensions, , 
and almost wholly through the error of ° forcing 
resignation of office upon Mr. P. C, Owen. If we 
appear to dwell often upon the subject, it is because 
we have had opportunities. for knowing how serious 
a mistake has Boas committed, and one none the less 
serious because the résults of the mistake are now 
being felt 3000 miles away in a country the im- 
portance of which is but little appreciated here, 
We imagine, however, that the British exhibitors 
will not all 
closed without entering a protest against the in- 
efficient working of our Commission, and_ their 
refusal to take part in any future exhibition under 
similar conditions. Complaints of annoyances are 
loud among the British exhibitors, and this under 
circumstances where erer thing should work 
smoothly and to the satisfaction of every one, 
These complaints, it is just to add, are actively 
directed against one member of the Commission 
only. Colonel Sandford is unfit for the post because, 
perhaps, he is only inexperienced. _Mr. Archer 
is inexperienced and unpopular, ‘The difficulties 
that have arisen between exhibitors and the Custom 
House officials would never have occurred if judicious 
foresight had beén ayailable to discuss the question 
before the opening of the Exhibition, but if, as we 
are informed, the British Commissioners themselves 
set_the examiple by paying duty to a large 


low the records of this Exhibition to be |! 





amount. for furniture and other effects they 
took to Philadelphia for official use during the period 


of the Exhibition, there was- but little prospect of 


their exerting any judicious influence to protect 


‘British exhibitors, 


In the interest of those gentlemen. who lent pic- 
tures for exhibition, we may remark that Mr. Jop- 
ling, the able art commissioner, left Philadelphia pre- 
maturely, for reasons, we presume, he has laid or will 
lay before the Duke of Richmond, and the country, if 
necessary, for his own justification; and we should 
point out that at present the valuable collection 
remains without a responsible custodian. What 
arrangements will be made for the safe return of the 
(paintings we do not know, but under existing circum. 
stances the situation may prove to be a serious one, 
‘as the work of removal is sufficient to occupy the 
whole attention of an efficient man, 

We write this with great reluctance and with no 
wish to throw discredit unnecessarily by gaia any one, 
but we should be failing in our duty if we did not 
point out these unfortunate results of a grave error 
in judgment— results which we predicted, only 
faintly at the time the error was committed, 

It is now. too late to retrieve this mistake, but 
not too late to prevent its repetition at the forth- 
coming Paris Exhibition. Americans connected 
with the exhibition feel that they have been badly 
used in the substitution of Messrs. Sandford and 
‘Archer for Mr. Owen, the exhibitors feel they have 
been badly used, and compare the working of matters 
at Vienna with that in Philadelphia, and some 
members of the Commission staff, at least, share 
these feelings of regret and injury, 

A few words upon. another subject and we will 
conclude this somewhat discursive article... We have 
already referred to the admirable arrangements 
made for the benefit of visitors who wish to go to 
different parts of the country and study different 
industries, There never was an exhibition held at 
which so many facilities were offered in every direc- 
tion, so many kindnessés shown, so much trouble 
taken, and let us add so much that would be worth 
seeing and studying, if the distances were not quite 
so magnificent, But so many thousands of miles 
have to be traversed, and time for most visitors in 
Philadelphia is limited, while their duties unfortu- 
nately are not, that only a very small proportion of 
what should be seen can be visited, despite the 
i: Rerae afforded, and the universal anxiety to 
aid the stranger in every possible way. 


THE PATENT BILL, 

Tne sanguine views with regard to the Patent Bill 
expressed by the Attorney-General the week before 
last. in his answer to Mr, dee ave not. been 
verified, and’ on ‘Thursday week Mr, Disraeli. for- 
mally announced the definite abandonment of the 





measure. We cannot help e¢: ing our undis- 
guised pleasure at the death of the Bill. In nearly 
every respect it was a retrograde measure, and had it 


passed it would have inflicted an’ amount of inj 
upon the manufactures of this country which it is 
impossible to foresee, There are cases in which it 
is the highest statesmanship to press forward a mea- 
sure which may be obnoxious to a large section of 
the community, but this is not one of them, The 
general public take little or no interest in patents, 
for the simple reason that they are entirely ignorant 
of the subject. ‘The advantages of a sound and 
equitable law are not directly 0. phi to them. 
They benefit by such a statute without being con- 
scious of it, and the Patent Laws might be abolished 
altogether, and yet the public at large would be un- 
able to trace to their true source the’ evils which 
would undoubtedly ensue. 

Class legislation—that is legislation for the benefit 
of a@ particular section of the community to the 
detriment of others—is, we hope, an exploded theory. 
It is a self-evident proposition, we think, that a suc- 
cessful patent is a direct benefit to the general 
public, Certainly it is of benefit to the inventor, 
and it would seem to follow as a logical conclusion 
that a wise and beneficent Patent Law is desirable 
in the interests of the community at large. We 
have of course assumed that patents really do stimu- 
late invention, as ‘we consider the question fully 
proved. Inventors may be very well left to take 
care of themselves, they know their own interests, 
and the expression of opinion on the part of those 
useful members of society has been almost unani- 
mous against the Bill, or at all events against its 
main provisions, Up to the time of writing, the 
number of petitions is as follows :—Against, 1; for 
alterations, 33 ; for referring to.a select:committee, 
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2; in favour, ]. And yet the Government, in the 
face of all this opposition, have not scrupled to keep 
the Bill before Parliament up to the very last 
moment! 

No great mischief has been done it is true, and 
perhaps inventors may have been led to see that the 
present law is, after all, not so bad as some agitators 
would have us think. The Lord Chancellor has 
caused an immense deal of valuable time to be 
wasted all over the country by discussions of the 
measure, and not to go any further, we, on our 
part, have been compelled to encumber our pages 
with quasi-legal articles on the subject, and thus 
to employ time and which we would gladly 
have devoted to subjects of practical and permanent 
interest to the profession. Our regret has been 
greater because we felt that we were not advocating 
any great and needful reform, so much as prevent- 
ing a bad measure from becoming law. e have 
not been saying what should be so much as what 
ought not to be—our action has been defensive rather 
than aggressive—negative rather than positive. 

So far as we are aware, this journal was the first 
to expose the defects of the Bill when it was brought 
in last year. We have reason to think that our 
articles have formed, to some extent, rallying-points 
for the opposition, and we have noticed with satis- 
faction that some of the objectionable features of 
the measure, to which we took exception, have 
gradually disappeared from the Bill. 

In spite, however, of the few small concessions to 
the strong representations which have been made, 
the Lord Chancellor has shown himself wholly 
unable to apprehend the condition of public opinion 
with re to the Patent Laws, and the recent 
action of the Commissioners of Patents in the matter 
of the printing of the specifications, has proved 
that they are thoroughly unworthy of the confidence 
of inventors. If then they have shown incapacity 
and unreasoning obstinacy in dealing with small 
matters, how shall they be trusted with great ones? 
The Lord Chancellor, undeterred by his two failures, 
will probably reintroduce the Bill next session, and 
we earnestly exhort the various societies, chambers 
of commerce, and other public bodies who may 
have formed sub-committees on the Patent Laws, not 
to disband those organisations. We, on our ; 
will undertake to give them timely notice of the 
Bill should it make its appearance, Few 
readers of this journals are, we should imagine, 
entirely unconnected with or without interest in 
patents, and the matter is really in their hands. 
All that we can do is to place the question before 
them as it appears to us in the plainest and most 
forcible manner which we can. Whether they 
accept or reject our particular views is, speaking 

nerally, a matter of no moment to us. But if 

rough apathy, indifference, or want of energy, 
inventors allow such a Bill as that just now aban- 
doned, to slip through Parliament in a subsequent 
session, they will have cause to bitterly reproach 
themselves. Amongst other reasons why the Bill 
should be most strenuously opposed (80 long, at 
least, as the present administration remains in office) 
is that the Lord Chancellor has been particularly 
unhappy in the bestowal of his patro . In too 
many cases the necessities of the candidate rather 
than the exigencies of the department have been 
suffered to decide the appointment, whilst special 
knowledge and previous experience appear to be 
decidedly disadvantageous. One more caution and we 
have done. We must warn those interested against 
the legislative trick of taking an objectionable clause 
out of a Bill, and at the same time reserving power 
to those who are to carry the measure into actual 
practice to introduce the very same clause into the 
‘rules and orders,” Many Acts of Parliament do very 
little more than give authority to a Board or Com- 
mission, or whatever the body may happen to be 
called, to make regulations for carrying out the 
Act, If these powers were confixed to strict 
matters of detail no harm would be done, but they 
are in many cases so full and so absoluve as to prac- 
tically include vital principles. Inventors should 
insist upon the powers of the Bill being clearly 
defined, and they may well take warning by that 
legislative fiasco, the Trade Marks Registration 
Act, which we refer to in another column. 





HER MAJESTY’S SERVICE: A CHAPTER 
OF ACCIDENTS. 

Tue series of fatal accidents in the engine rooms 
of our Royal Navy which have occurred within the 
past few months has had a fearful climax in that 
which took place on the trial trip of the Thunderer 





the week before last. We have already described 
the nature of the explosion on board the Thunderer, 
and we shall hereafter follow closely the investiga- 
tions into the cause of that disaster, and shall point 
out the lessons to be deduced from it; but for the 
present we propose to refer to some other matters 
which bear upon this and other failures which have 
recently occurred on board theJvessels of our Navy. 
We hope that what we have to say may assist in 
some degree those whose duty it is to guide the in- 
quiries into such failures, perhaps also those in whose 
hands is the management of the steam department 
of our fleet, 

The Thunderer is not the only case we have in 
view; but as it is the last, and infinitely the most 
serious, we speak of it first. Our readers are 
aware that the Thunderer, when this unfortunate 
affair occurred, was on trial at the measured mile, 
and they will readily conceive that, at the moment, 
every effort was being made to attain the highest 
possible power and speed. We have to remark 
that, under the circumstances of a measured- 
mile trial there is at times some confusion arising 
from the fact that, whilst every one is urged and 
striving to do his best, the officers and men are 
strange to each other, and the responsibility is to a 
certain extent divided. We should be sorry to hear 
that anything of the kind caused or led up to the 
accident in question—we merely refer to it as a legi- 
timate subject of inquiry. Let us explain. Until 
recently, the men employed as firemen on these trial 
trips were drawn for the purposes of the trial from 
the staff of labourers in the dockyards ; but it was 
found, or at least believed, that the work was not 
properly done. It was said that so many of these 
men were physically or otherwise inefficient, it was 
quite impossible to insure a sufficient number of 
qualified men for the trials of the larger ships. It 
was therefore proposed, by the Steam Reserve 
officers, that the men to be employed should be 
drawn from the naval stokers of the reserve, There 
cannot be any doubt but that, as a rule, the numbers 
of these men passing through the Steam Reserve, 
and their previous training, rendered easy the task 
of selecting 40 or 50 good stokers for any intended 
trial. The proposal was adopted—we express no 
opinion as to the policy of such a step—and, even- 
tually, a certain number of the best naval stokers 
were selected in each reserve, and kept in hand as 
a “ trial’ party at that reserve. 

The duty done by this party is confined to stoking 
only. The water tending at Portsmouth is done by 
fitters and others from the dockyard factory. The 
actual handling of the engines and looking after the 
bearings is done sometimes by the contractor’s men, 
sometimes by the dockyard men ; hence, there is an 
occasional want of ‘‘ pulling together.” The naval 
stokers and the factory men repudiate each other's 
authority ; complaints made that the stokers are not 
doing their best to keep up the steam are met by 
counter-complaints of inattention on the part of the 
water tenders, or it is declared that the engines are 
worked regardless of the difficulties of keeping 
steam. 

We remarked that the responsibility is to some 
extent divided. The instructions are explicit enough, 
but the practice is not. 
tions* on the subject, we have this: ‘‘ The ship on 
trial is to be under the charge of the captain of 
the Steam Reserve, who is to be accompanied by 
the chief engineer of the dockyard, or one of his 
assistants, as well as by the chief inspector of 
machinery afloat of the Steam Reserve. 

‘* When ships which have new engines not yet 
received from the contractor are under trial at the 
measured mile, the engines and boilers during the 
trial are to be under the charge of the contractor or 
his agent, who is to have the whole responsibility 
and management ; but it is to be clearly understood 
that the trial is to be conducted in strict accordance 
with the regulations laid down for all trials at the 
measured mile; and the engineer officer from the 
dockyard, and the chief inspector of machinery of 
the reserve, will each, at all times, be responsible to 
the captain of the Steam Reserve that these regula- 
tions are never deviated from.” 

Passing over the captain of the Steam Reserve, 
who is in command of the ship for the time being, 
we come to the broad statement that ‘the engines 
and boilers are to be under the charge of the con- 
tractor or his t, who is to have the whole 

msibility and management.” But, as we have 
explained above, the men in the stokehole, perhaps 
also those in the engine room, are not contractor's 





* See ENGINEERING, Sept, 17, 1875, p. 234, 








men. They are made up of men drafted from two 
distinct de ents, between which, both amongst 
officers and men, no small jealousy exists. It is a 
contradiction in terms to say that under these cir- 
cumstances the contractor is to be responsible for 
the whole. 

Then we have officers from the Steam Reserve, the 
chief i r of machinery, and the chief engineer, 
and other engineers of the ship ; and we have officers 
from the dockyard engineer staff, all having some- 
what undefined duties in connexion with the trial, 
and all responsible in some way—it is not said how, 
or in what. It is obvious that where officers and men 
of different departments get mixed up as they are on 
these trials, there is a danger of want of harmony, 
and we merely call attention to it so that its ible 
bearing on this accident may not be overlooked. At 
the same time we should be very sorry to hear that 
it actually had any. We have not forgot the some- 
what similar accident on the trial of the Thistle, nor 
the confusion which seems to have existed. there, 
and which had probably much, if not all, to do with 
the accident. Our readers may recollect that one 
of the furnaces collapsed, and a number of officers 
and men were killed. 

In investigating the cause of the explosion on 
board the Thunderer there is one line of inquiry 
which should not be forgot—the construction of the 
boiler itself, and the treatment to which it has been 
subjected since it came to Portsmouth. We have 
good reason to believe that of late years boilers have 
been fitted to Her Majesty’s ships which are alike 
unworthy of the people who made them, and of the 
inspectors, if there were any, who passed them. 
We have heard of some showing themselves seriously 
defective in working; and we know one case re- 
specting which their lordships of the Admiralty 
intimated in effect, that in spite of inspection the 
supply of boilers to Her Majesty’s ships was far 
from a. ee. Perhaps to go into the 
subject of boiler inspections and boiler defects would 
intrude on the labours of the Boiler Committee ; but 
the inquiry might well embrace, in this case at all 
events, the design of the boiler, and the efficiency 
of the inspection down to the present time. 

We have dwelt further upon this subject upon 
another page, but we may repeat our hope that the 
ae which is now in progress will be full and 
exhaustive ; that it will embrace the points to which 
we have referred; and that the verdict will be one 
that may commend itself to the profession, and be 
useful in its results. 

Leaving the Thunderer disaster, however, let us 
say a few words ting the recent accident on 
board the Vesuvius. In that case a water chamber 
burst, one engineer officer being killed, and an- 
other seriously injured by the fragments, The in- 
quiry is still pending ; but we feel ourselves quite at 
liberty to regret that the danger of bursting that 
vessel was not anticipated and provided for. The 
oversight—we cannot say less—was most unfor- 
tunate; and its results most disastrous. In all 
seriousness, life should not be jeopardised in such 
fashion ; and we trust that, when next the inquiry 
is opened, evidence as to design, construction, and 
inspection of the arrangement which failed will be 

i 


Referring to the instruc- | called 


The Hydra accident is another of recent date. In 
that case steam had been got up for working the 
engines with the ship at moorings in the dockyard 
basin, Keyham. ‘The cover of a stop valve was 
blown off—the whole of the bolts being broken— 
and one engineer officer was killed. There was 
a coroner’s inquest and a verdict of ‘accidental 
death.” There was a further official inquiry; 
but the verdict was, as usual, not communi- 
cated to the public. Referring, however, to the 
newspaper reports of the inquest—and the local 
papers agree pretty well as to the evidence given— 
we hardly consider the result satisfactory. 

We quote the reported opinions of the several 
witnesses as to the cause of the cover-bolts giving 
way. Mr. Palmer, an engineer officer of twelve 
years’ standing, after stating that the “‘ bolts were 
all broken,” “ was of opinion they broke in conse- 


quence of their being of iron, not brass ;” ‘‘ there 
was no defect in the size or shape of the bolis,” and 
‘the believed they had corroded.” Mr. Metcalf, an 


engineer officer of eighteen years’ standing, ‘‘ was of 
opinion that the iron of which the bolts were made 
was of inferior quality.” Mr. Covey, Chief Inspector 
of Machinery, ‘‘ was of opinion the material was of 
a kind and quality which ought not to have been 
employed. “It was a sin thing that all the 
bolts should have been broken off, and he could not 
understand it.” Mr. Boswell, an engineer officer of 
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eighteen years’ standing, ‘‘ was of opinion the bolts 
were well made, and of good iron,” and he attributes 
the failure to corrosion. He ‘had frequently to 
take the iron bolts out of the valves of the engines 
of his late ship, the Seagull, and substitute bolts 
made of Muntz metal.” 

Our readers will note that two causes of the failure 
of the bolts are suggested :—One, that the bolts were 
of inferior quality ; another, that they had corroded. 
With respect to the quality of the material we 
have the evidence of Mr. Covey and of Mr. Met- 
calf, to the effect that the iron was inferior, against 
that of Mr. Boswell, who considered the iron good. 
A serious matter this for the contractors, who were 
bound to supply nothing but the best; and we think 
that in fairness to them the remaining pieces should 
have been tested. With respect to the corrosion, 
the evidence is even more unsatisfactory. The whole 
of the engineer witnesses agree that Muntz metal 
bolts Should have been used; but there is practi- 
cally no evidence at all that corrosion had anything 
to do with their fracture, The corrosion of bolts in 
such a case is a thing we can see ; it can be mea- 
sured, and its effect on the strength of these bolts 
could have been ascertained, but there was no 
attempt to do anything of the sort. 

We have no wish to be severe on the witnesses, 
but we cannot help thinking that their opinions 
were hastily expressed. It was, unfortunately, too 
true that these bolts had broken; but we do not 
think the witnesses were therefore compelled to 
find a reason, or justified in giving one—whether 
bad iron or corrosion—without test or measurement. 
We rather admire the frank acknowledgment on the 
part of one of them that he could zof explain why 
all these bolts should break without warning. 

It occurs to us—and this is not our first experi- 
ence of injury done to valves and fittings on 
board Her Majesty’s ships—as not being unlikely, 
that in getting up steam on the morning of the 
accident, it was omitted to have that valve eased off 
its seating before it got warmed up. If so, the con- 
sequence is obvious. The spindle of the valve ex- 
panded more than the casing and fittings; and the 
strain began which, the spindle and valve being 
stronger to resist compression than the bolts to 
resist extension, ultimately carried away the bolts. 
We commend the suggestion to the witnesses as 
being more likely to be the true cause than either 
bad iron or corrosion, 

A few words respecting the last of our present 
series of accidents, that in the Dryad, and we have 
done. In that case, by the bursting of a stop valve- 
box, two engineer officers, one of them the chief engi- 
neer of the ship, were killed. We are not aware 
what, if any, information respecting this accident, 
or its lessons, has been communicated to the en- 
gineer officers of the fleet; but we hold that official 
reticence in such matters is a mistake. We con- 
sider that every detail of accidents to machinery of 
a serious or instructive nature should be promul- 
gated among these officers, in order that they may 
learn by the experience which such accidents teach. 

For all practical purposes professional information 
is circulated amongst the medical officers of Her 
Majesty’s service by means of the excellent reports 
issued annually, and otherwise, by the department. 
Something similar is done for the shipwright officers ; 
but in their case the information, although printed 
and circulated, is marked ‘‘ Confidential,” That full 
information as to inventions, casualties, and novel- 
ties of all kinds in the engineer department, is not 
also circulated for general information in these days 
of novelty shows, to say the least of it, a want of 
due consideration for the interests of the service. 

In fine, we hope that the Thunderer inquiry will 
be full and exhaustive; that it may embrace the 
points we have indicated; that the result may be 
promulgated amongst the engineer officers of the 
fleet ; and that, as we believe must be, these officers 
may profit by the lessons of the Dryad, Hydra, 
Vesuvius, and Thunderer. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 
MECHANICAL PUDDLING. 

In our notice last week of the recent meeting 
of the Institution of Mechanical Engineers at 
Birmingham, we stated (vide page 61 ante) that the 
second paper read was one by Mr. T. R, Crampton 
on mechanical puddling,* and we gave some parti- 


* The first part of the paper ap on page 61 of our 
- number, and we give the conclusion this week on page 








culars of the samples of iron ae by his fur- 
nace which Mr. Crampton exhibited. As we at the 
same time remarked, . Crampton’s paper evoked 
a lengthy and interesting discussion, which was 
—_— on the Tuesday = 18th instant), by Mr. 

ebb, of Crewe, and which was then adjourned 
until the following day. 

Mr. Webb in his opening remarks corroborated 
the statements of Mr, Crampton, and said that 
when Cleveland pig was treated in the Crampton re- 
volving furnace the phosphorus was almost en- 
tirely removed. He added that from puddled bar 
thus obtained he bad made excellent steel by the 
Siemens-Martin process, as shown by the samples ex- 
hibited, and that he had had a series of analyses of 
the materials taken at the different stages of the 
manufacture from the pig iron to. the steel rails. 
These analyses, which are undoubtedly of great 
interest, he was good enough to see at the disposal 
of the Institution. In the manufacture of steel rails 
by the Siemens-Martin process, Mr. Webb employs 
ferro-manganese, and he added in reply to an in- 
quiry that the cost of labour in making rails by that 
process was about 7s. 6d. per ton, and other charges 
about 7s. per ton. He further added that when 
using up scrap he could make steel rails by the 
Siemens-Martin process at a cost of 10s. or 12s, per 
ton less than by the Bessemer process, but he did 
not state the relative cost of the two processes when 
using new materials in both cases, Mr. Webb 
justly remarked that it is now becoming a very im- 
portant question how our inferior irons can be best 
utilised, and the results with the Crampton furnace 
appear to show how by the use of that furnace there 
can be obtained from these irons a quality of pud- 
died bar well suited for conversion into steel by the 
Siemens-Martin process. Mr, Webb is now produc- 
ing 250 tons of steel rails per week at Crewe, 

On the morning of Wednesday the discussion 
was reopened by Mr. Newton, who in the first place 
made some remarks upon the historical portion of 
Mr. Crampton’s paper. In these remarks he ex- 
pressed his doubts whether Walker and Warren's 
furnace, or that of Maudslay, were ever carried into 
practice, while as regarded the arrangement of the 
inlet and outlet flues of these and other furnaces, 
he did not think that any of the early inventors 
paid any particular attention to the manner in which 
the flame entered or left the puddling chamber. 
Tooth’s furnace of 1863, he added, was not worked, 
but that of 1861 was. In the 1863 furnace a rabble 
was intended to be used. Tooth’s furnace of 1861, 
although worked by Mr. Menelaus, failed from the 
want of suitable fettling. Danks, in his original 

lans, suggested that the furnace should be cooled, 
but in carrying out these plans at Middlesbrough, 
he did not resort to cooling. Mr. Crampton—added 
Mr. Newton—was the first to recognise properly 
the necessity of keeping a revolving puddling fur- 
nace thoroughly cool; and his furnace, with the 
water jacket, has been most successful. Mr. 
Newton, however, did not agree with the mode of 
getting up the heat employed by Mr. Crampton, 
namely, by burning coal dust in the chamber con- 
taining the iron, and he considered that it would be 
better to burn the coal in a separate chamber, and 
to convey the gases into the puddling chamber. 
What was required was a neutral flame for melting 
the iron and an oxidising flame to burn off the 
carbon ; then all that was required was sufficient 
heat to ball up. If carbon was carried into the 
chamber after the iron had been de-carbonised, then 
harm might result, and for this reason he advocated 
the combustion of the coalin anotherchamber. Mr. 
Newton also said that Mr, Crampton had not re- 
ferred to Mr, Spencer’s furnace, which was tried at 
Messrs. Richardson’s, at West Hartlepool. Mr, 
Spencer’s first furnace was a complete failure. The 
chamber was composed of iron bars forming a kind 
of close cage, which was lined with fettling. No 
means of cooling were employed, and the chamber 
consequently became greatly distorted be heat, 
or ‘knocked into a cocked hat,” as Mr. Newton 
expressed it. Subsequently Mr. Spencer made an 
improved furnace which gave better results, and 

roduced good iron. There appeared, however, to 
be" an uncertainty as to the size of the balls ob- 
tained from it; there sometimes being balls of 
approximately even sizes, and sometimes one large 
ball and a lot of small ones. One feature of Mr. 
Spencer’s mode of working was that he melted the 
fettling he employed, and applied it to his furnace 
in a fluid state. 

The next speaker was Mr. Jeremiah Head, of the 
firm of Fox, Head, and Co., of Middlesbrough, at 


whose works, it may be remembered, a set of Mr. 
gg sa furnaces has recently been put down. 
Mr. Head remarked that the question uddling 
resolved itself into two one chemical and the 
other mechanical. As re the former aspect 
of the question, he described, as illustrating the 
changes which take place in the puddling furnace, 
the results of Phy ararens. series of experi- 
ments made at the Konigshiitte, in Upper Silesia, 
these experiments including a lete series of 
analyses of the iron and fettling at different stages 
of the puddling process as carried out in an ordi 
furnace. The results of these analyses (which were 
made by Kollman, of Oberhausen) Mr. Head had 
had laid down graphically, and the very inte- 
resting diagrams thus obtained were exhibited to 
the meeting. These diagrams showed that the phos- 
horus in the iron was reduced to about one-third 
its initial amount during the process of melting, and 
that subsequently it was reduced ually until it 
practically disappeared. Sulphur disappears gradu- 
ally throughout the P eagrax while manganese goes 
out chiefly durin e melting, then more slowly, 
and then gradually until the end of the process. 
Silicon is removed verv rapidly until grains appear 
in the iron, while carbon at first goes very slowly 
(its percentage in fact increasing owing to the re- 
moval of other impurities) and then pares rte after 
about the middle of the operation. As ed 
the fettling, the Konigshiitte experiments showed 
that the percentages of lime and alumina did 
not change much, while the sulphur from the 
iron appeared to go into the fettling, there being 
oon ta the latter i the end of the process than at 
e beginning. € percen of manganese in 
the fettling quickly sath aver at the beatae of the 
process, but it does not all go into the fettling ap- 
parently, as the quantity in the latter is less at 
the end than at the middle of the operation. ‘The 
silicon in the fettling also increases rapidly during 
the first third of the process, but it subsequently 
decreases, the percentage at the end being little 
greater than at the commencement, As regards 
the iron in the fettling, it appears to change several 
times during the process from the state of peroxide to 
pers and vice versd, there being less of it in both 
orms at the end of the process than at the beginning. 
After some further remarks on the Kénigshiitte ex- 
ger Mr, Head next proceeded to deal with 
r. Crampton’s paper. Mr. Crampton, he said, 
had referred to the high wages of puddlers, but he 
(Mr. Head) did not consider the pay excessive con- 
sidering the character of the work. At the pre- 
sent price, in his district, of 8s. 3d. per ton, a fore- 
hand, after paying his under-hand, would earn about 
30s. per week. At present, however, there was a 
great scarcity of under-hands, so that many furnaces 
were worked ‘level-handed,” and two puddlers so 
working together would only earn, on the average, 
about 27s, 6d. per week. ‘The labour in iron works 
which he considered too highly paid for, was that of 
rolling, the plate roller at one of the mills of his 
firm earning 8/, per week, andat another mill 4/. per 
week, As regarded the increased yield obtained by 
the Crampton furnace, he considered that due to 
the class of fettling used. A good puddler with good 
fettling will always bring out more iron than was 
charged. In the Cleveland district a good deal was 
being done with mechanically worked rabbles, and 
this system of working appeared to do well, enabling 
larger heats to be worked at a lower price. The 
system also suited the present scarcity of under- 
hands, and did well with furnaces worked ‘level- 
handed,” The performance of the Crampton fur- 
nace Mr. Head said he had watched closely for the 
last two years, and he could state that the desired 
heat can be got by the use of powdered fuel, and 
that there is no difficulty in burning such fuel if it 
be properly dried. He, however, believed that Mr. 
Crampton had underrated the trouble of preparing 
the fuel and feeding it into the furnace, Strictly 
— , the feeding into the furnace is done me- 
chanically, but a miller is required for grinding it, 
and other hands for shifting and drying it. Alto- 
gether, for a plant of eight Crampton furnaces, four 
men would probably be sie to attend to the 
preparation and supplying of the fuel, as against 
one to each furnace-under the ordi system, As 
regarded Mr. Crampton’s remarks about homo. 
geneous iron, he must say that lamination was most 
rejudicial in rails and in plates that had to be 
Hanged or bent, but that he had never known it to 
be hurtful in rey plates or bridge plates, nor 
even for boiler shell plates, unless ‘eo flanged 





or exposed to the action of the fire, erring to a 















82 





ENGINEERING. 





[JuLy 28, 1876. 





particular sample exhibited (this sample having been 
made of Cleveland iron puddled in Mr, Crampton’s 
furnace at Woolwich, by Mr. Briggs, of the Carlton 
Tron Works, and subsequently rolled into a plate at 
Messrs. Fox, Head, and Co's, works), Mr. Head ob- 
served that the plate was not all alike, but that 
there were some imperfections on the surface at 
parts. Large plates were difficult to produce with- 
out imperfections, and this difficulty had not yet 
been surmounted. Plates made from Mr, Cramp. 
ton’s iron rolled like lead, but when the plates were 
cold, imperfections appeared which could not be 
seen when hot, and the iron appeared to be of a dry 
nature. He believed, however, that this difficulty 
could be got over. It appeared as if the tendency 
of imperfections to turn up at the surfaces of plates 
during the rolling had led to the general adoption of 
the puddled bar system of manufacture, for when a 
plate was rolled from a pile it was possible to secure 
a good surface for the plate by using carefully 
selected bars for the top and bottom of the pile. In 
conclusion, Mr. Head remarked that puddling could 
never be made an entirely mechanical process, and 
this fact should be borne in mind by those engaged 
in developing it. 

Mr. E. H, Carbutt, who spoke next, said that all 
present must be greatly obliged to Mr. Crampton 
for his paper, but to his mind the statements made 
in that paper sounded like the death-knell of the 
iron trade, and he believed that we must all come 
to the general use of steel. Mr, Head’s remarks 
had confirmed him in this belief. The proper thing 
to do was to work up iron into steel by an open- 
hearth process. A puddled ball was a mass full of 
impurities, and could not be properly dealt with in 
the ordinary way. So far the use of steel for 
bridges and ships had been restricted by the action 
of the Government in the matter, the Board of 
Trade authorities not making allowance for the 
extra strength of steel when used in bridges. He 
believed that ultimately we should use steel for all 
purposes, including guns. The Crampton furnace 
produced a mass which was well available for steel- 
making, and by its aid our east-coast iron could 
be well turned to account for conversion into steel. 

The next speaker was Mr. Bernard P. Walker, 
who was rather indistinctly heard. Mr. B. P. 
Walker was one of the patentees of the Walker 
and Warren rotary puddling furnace mentioned in 
Mr. Crampton's paper as the first of its class, and 
which Mr. Newton had stated, had, he believed, 
never been practically worked. Mr. Walker, how- 
ever, stated that this furnace Aad been worked, but 
that it had produced cold-short iron. The iron 
worked in it was from East Worcestershire, and the 
lining which did best consisted of a mixture of Cum- 
berland red ore and Stourbridge clay. Next, Mr. 
Charles Cochrane asked whether Mr. Crampton 
had overcome the difficulty of cutting up the puddled 
ball produced in his furnace into pieces of con- 
venient size. In the Staffordshire district the 
works had not plant vy EB for dealing with the 
large puddled balls, and if the furnace was to come 
into use then it would be necessary to divide 
the balls, or otherwise new plant would be re- 
quired, Some inquiries were also made by another 
speaker as to the cost and quality of the fettling used 
in the Crampton furnace. 

Mr, E. A. Cowper, who spoke next, remarked 
that the great question was how to deal effectively 
with large masses, and that such masses of homo- 
geneous material were now becoming a necessity. 
Steel had this advantage, that during its manufac. 
ture it underwent the process of melting, and this 
melting was a great aid to —- homogeneity. 
The Crampton furnace he considered as of especial 
value to the Staffordshire ironmasters, for in their 
district puddled iron would probably always be 
made. fre had watched the performance of Mr. 
Crampton’s furnace at Woolwich, and had seen it 
sroduce from Cleveland pig a metal as ‘good as 
Forkshire iron, and far better than can be got by 
hand puddling. This ability to turn out a good pro- 
duct was, however, not a feature of the Crampton 
furnace alone, but was one essed by other 
rotary puddling furnaces. In the early ro pud- 
dling furnaces, the failures which occurred were 
largely due to the attempts made to use a lining 
which ‘ would stand.” Danks first faced this diffi- 
culty by employing an oxide of iron lining, which 
became reduced during the process: The extra iron 
thus got pays for the fettling. Tooth cooled his 
furnace a little, and Danks went a little further, 
sprinkling more water over it, but he did not do 
enough in practice. The Danks furnaces have in 


Ravensdale Iron Works, Mr. Robert Heath had done 
fairly with them, not saving money, but making a 
better quality of iron. ‘The standing of his iron in 
the et had in fact improved since he used the 
Danks furnaces, and this was the special object he 
had in view. Mr. Crampton had faced the cooling 

uestion thoroughly, and he had produced a rotary 
urnace which will stand and will do good work. 
Mr. Cowper added, however, that he had misgivings 
as to the use of powdered fuel, the cost of grinding 
it,&e. Asregarded the fettling, rotary furnaces want 
better fettling than ordinary furnaces, ‘ bulldog” is 
not good enough for them, a material with more 
iron in it being required. Good fettling can be 
made by melting down “ bulldog” with scrap. As 
regarded the cutting up of the balls, this could be 
readily done in the furnace by suitable tongs, and 
small balls could thus be obtained for piling; it 
was, however, better to have the large balls and 
to provide proper plant for working them. Mr. 
Cowper next corroborated the statements made as 
to the quality of many of the samples exhibited, and 
said that some of the puddled bars produced were 
better than the bars employed at Woolwich for 
making gun coils, while he hoped soon to see the 
Crampton furnace producing iron for enabling bars 
for such coils to be rolled in one length. Finally, 
he remarked that the Crampton furnace required less 
skilled attendance than ordinary furnaces. 

In reply to an inquiry, Mr. Carbutt stated that 
the plates which are being produced by Mr. Heath 
from metal dealt with in the {Danks furnace, are 
rolled from piles made up in the ordinary way, and 
Sir Joseph Whitworth then asked for information 
concerning the tensile strength of the samples ex- 
hibited by Mr. Crampton. The ductility of the 
samples spoke for itself, but, said Sir Joseph, in 
order to form an opinion of the quality of any iron, 
it is necessary to know, first, whether it is sound; 
second, what is its tensile strength ; and third, what 
is its ductility. Next, Mr. Arthur Paget inquired 
what was the cost of grinding fuel for use in the 
Crampton furnace, and referring to what had been 
said respecting the necessity for drying the fuel, he 
asked if the heat passing up the chimney was not 





sufficient to do this? 

Mr. F. J. Bramwell, who was the next speaker, 
also asked for further information, and expressed a 
hope that Mr. Head would tell the meeting whether 
the coal required drying before or after grinding. 
Also what, in regular work, in ordinary furnaces, 
was the quantity of coal used per ton of pud- 
died bar, and what was the yield? Also, had any 
series of analyses, similar to those quoted by Mr. 
Head, been obtained of the materials used in the 
Crampton furnace when puddling Cleveland iron? 
Mr. Bramwell said he should like to know whether 
Mr. Head merely considered laminated plates ‘‘ good 
enough ” for their work, or whether he really pre- 
ferred the laminated structure. As regarded the 
action of the Board of Trade with regard to the 
use of steel in bridges, &c., he might mention that 
the Board had appointed Captain Tyler to confer 
with Sir John Hawkshaw and Mr. Barlow on the 
subject, and on the return of these gentlemen from 
America, where they now were, he hoped some 
good would result. He might add that the present 
action of the Board of Trade was founded on the 
results of experiments on puddled steel about twenty 
years ago. 
In reply to the inquiries thus made, Mr. Head 
explained that the unground coal sometimes got wet 
in the trucks, and had to be dried before grinding. 
In his case, this drying process was effected by the 
use as fuel of the ashes from the other furnaces. 
The coal had to be distributed over the drying floor, 
and then fed to the Jacob's ladder, &c., and this 
handling involved a certain cost for labour. As re- 
garded the yield, he repeated that a good puddler. 
supplied with good fettling, could bring out more 
iron than was charged in. With Mr. Crampton’s 
furnace, this result was always obtained, the weight 
of iron got out being at his works about 6 cent, 
over that of the pig charged, and the result at Wool- 
wich being the same. But better fettling was used 
than was employed in ordinary furnaces, the common 
fettling not being good enough. In fact, no natural 
ore obtained in this country was suitable for fettling 
rotary puddling furnaces, and the fettling for such 
furnaces must be made by melting up mill cinder 
and similar materials with scrap iron. ‘The serap 
would cost (say) 3/. per ton, and the cost of fettling 
made in this way would be about 2/. per ton. “As 
regarded theresults obtained by Mr. Crampton from 
Cleveland iron, Mr, Head said that iron was iron 





many cases had very bad treatment; but at the 





and that if cleared of its impurities, it was sure to 


do its duty. As a fact, Mr. Crampton’s furnace, 
working steadily and at a high heat, does what it is 
very difficult to get done in ordmary puddling fur- 
naces. As regarded lamination, he repeated that it 
was hurtful in rails, in plates for flanging, and in 
ms irons ; but that in ordinary boiler-shell plates 
and in ship plates it does not ap to do much 
harm. Mr. well here asked whether Mr. Head 
would rather make a plate direct froma 10 cwt. ball, 
or whether he would prefer to cut up that ball and 
pile it in the ordinary way? and to this Mr. Head 
replied, that if he cou/d make a plate from a single 
ball, he would prefer to do so, but that at present 
he could get a better result by'piling. He then went 
on to say that, in Belgium, long strips for the tops 
and bottoms of girders were rolled from piles in 
universal rolls without any bad result, although the 
welds could sometimes be traced. Up to the present 
he had not made any systematic series of analyses 
tracing the action of the Crampton furnace, but that 
he would do so, and place the result at the service of 
the Institution. 

The next speaker was Mr. Thomas Adams, 
who remarked that he had seen dust fuel used in 
America in 1868, when experiments on its employ- 
ment were made by the United States Government, 
In that case the coal was not ground, but was dis- 
integrated by dropping it into a fan, the action of 
which was so powerful that it broke up stones and 
even pieces of iron. The result of these experi- 
ments were, however, not satisfactory, the dust at 
the chimney end of the furnace being found to con- 
tain 38 per cent. of unburnt carbon. ‘The fuel used 
in these experiments was anthracite, and it was re- 
duced to the size of coarse flour. ‘The particles of 
carbon found at the chimney end of the furnace had 
swelled considerably in size during their passage 
through the combustion chamber. 

Next, Mr. Shanks remarked that he had sent to 
Woolwich charcoal iron produced in India, and that 
this iron had been puddled in Mr. Crampton’s fur- 
nace with excellent results, the bars obtained having 
a tensile strength of 24 tons per square inch. Me- 
chanical puddling he considered to have an impor. 
tant bearing on the Indian iron manufacture, as if 
puddling was done in India at all, it must be by me- 
chanical means, the natives not having the bodily 
strength necessary for carrying out the ordinary 
hand process. 

Dr. C. W. Siemens, who arrived at the meeting 
only when the discussion had considerably advanced, 
remarked that he quite agreed with Mr. Head’s 
view, that the question of successful puddling was 
mainly one of fettling, and that if proper fettling can 
be got in sufficient quantities, there could be no 
doubt that Mr. Crampton’s furnace would do good 
work. As regarded his own furnace, brought out 
in 1871, he remarked that the object he had in 
view was rather to obtain a short road from the 
mine to the bar, there to carry out a puddling pro- 
cess, As compared with Mr. Crampton, he used gas 
instead of Mr. Crampton’s powdered fuel, but the 
difference in principle was not great; Experiments 
had been made on treating Northamptonshire ore in 
his furnace, and analyses by Mr. Lloyd showed that 
they had the power of almost entirely preventing 
the sulphur and phosphorus in the ore from passing 
into thé iron. In the ore puddling furnace the phos- 
phorus, which was in an oxidised state in the ore, 
remains in that state, and does not enter into the 
iron, the latter being found to contain less than 0.1 
per cent. of phosphorus, even when obtained from 
ore containing 2} per cent. of that substance. Even 
the small quantity of less than ,), per cent., Dr. 
Siemens believed to be contained chiefly in the slag 
mechanically incorporated with the iron. In the 
blast furnace, on the other hand, on account of its 
reducing action, the phosphorus and a great part of 
the sulphur became combined with the iron. Dr. 
Siemens further. stated his belief that ifthe difficulties 
of mechanical puddling can be overcome, hand pud- 
dling—which he characterised as work not fitted for 
human beings—would be entirely done away with. 
He also remarked upon the value of Mr. Crampton’s 
water casing, but added that in reducing ores there 
was far less trouble from overheating of the furnace 
than in puddling, the materials being a shorter time 
ina fluid condition. He also stated in reply to an in- 
quiry, that when treating ores by his process the per- 
cen of yield was proportionately better with rich 
ores than with those of a poorer quality. With North- 
amptonshire ores the results were not so good as with 
richer kinds, but with Northamptonshire he could get 
out from 75 to 80 per cent. of the metal which the 
ores contained. 








Mr. Crampton then replied upon the discussion, 
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and in the first place observed that his paper did 
not profess to deal with the question of fettling 
rotary furnaces, as he considered that point to be 
practically settled. If it be true that products such 
as those exhibited can be obtained with an expen- 
diture of 8 ewt. of fettling per ton of iron, the cost 
of that fettling is of minor importance. Experience 
had shown that in his furnace more than half the 
quantity of iron which the fettling contains is got 
out of it during the process of puddling, and as the 
iron thus obtained was worth 6/. or 7/. per ton, the 
price of 27. per ton for the fettling could well be 
paid. When puddling Cleveland iron and using 
8 ewt. of fettling per ton of pig, he got out 98 per 
cent, of the weight of the iron charged, while at 
Woolwich he had got out 104 per. cent., or 4 per 
cent, more than in weight of pig charged. He would, 
therefore, dispose of the fettling question by sup- 
posing that you have to make a suitable material 
and to buy scrap to do it. Even under these con- 
ditions the process would be economical. He con- 
gratulated Mr, Walker on being one of the patentees 
of the first rotary puddlers, and remarked that the 
result obtained by Mr, Walker in his early experi- 
ments—namely, that the iron produced was cold- 
sho1t—was simply due to his getting ‘‘ too much 
bricks into his iron,” owing to the destruction of his 
lining, As regarded Mr, Spencer’s second furnace, 
it did fairly, but the power required to work it was 
enormous, and eventually, as had been remarked by 
a former speaker, it went to pieces. While it was 
at work, however, it made excellentiron. Theidea 
of using mill tap for fettling originated with Mr. 
Williams and Mr. Riley, while as regarded the ap- 
plication of fettling in a liquid state, that was not 
novel, and was not first introduced by Mr. Spencer. 
Mr. Crampton next commented upon the analyses 
made at different stages of the puddling process, 
which had been laid before the meeting by Mr. 
Head. ‘These analyses, he said, referred to the 
chemical aspect of the question, and that he con- 
sidered was a matter which was now done with—the 
problem to be solved was the successful carrying 
out of the process mechanically, It was the dis- 
cussion of this problem which he had in view when 
he prepared his paper, and in that paper he de- 
scribed his furnace as the best solution of the problem 
he was able to produce. What he asked for was 
that any objections to the mechanical construction 
of his furnace should be pointed out and discussed. 
No response had been made to this request, and he 
considered, therefore, that he was entitled to believe 
that no such objection cou/d be made by any one 
present. He added that the furnace at Woolwich 
can be got up to its working heat every morning in 
three quarters of an hour, and it is now in as good 
order as when it was first put down. In some of 
the later furnaces he had put up there had been de- 
viations in some points of detail from his Woolwich 
practice, but these deviations had not been improve- 
ments. In reply toa question respecting the cost 
of the plant required for working on his system, 
Mr. Crampton said that if new plant was put down 
the cost for producing a given quantity of iron 
would be less on his system than on the ordinary 
one. Mr. Head, in whom we all had confidence as 
a plate maker, had stated his belief that plates made 
from many pieces were as good as those made from 
one piece, and he had referred to defects which had 
been discovered in plates rolled from the Crampton 
iron, But these defects, said Mr. Crampton, were sur- 
face defects, and did not affect the strength of the 
plate, and he maintained that the plates rolled from 
Cleveland iron puddled in the Crampton furnace were 
really of better value than Yorkshire plates. On this 
point he asked those present to examine the samples 
and judge for themselves. The largest purchasers 
have made up their mind to have homogeneous and 
not laminated plates. Mr. Crampton then went 
on to state that he had in his furnace dealt with all 
classes of iron from the best cold blast down to a 
mixture of three-fifths cinder pig and two-fifths Cleve- 
land, and that one result was as good as the other, 
as the samples showed. The diagrams exhibited by 
Mr. Head had shown how smail the proportion of 
impurities in the iron really was, and once these 
impurities were removed the iron was the same from 
whatever source it was derived, In his furnace, with 
its regular action and the perfect control maintained 
over the quality of the flame, special facilities existed 
for the removal of impurities. He agreed with Mr. 
Carbutt that eventually steel would almost entirely 
a iron unless ironmasters can improve the 
quality of their product; bgt with an improved 


he remarked that if the necessity existed the balls 
could be readily divided in the furnace, but the 
proper way to develop mechanical pending was to 
provide plant for dealing with large balls, He 
agreed with Mr, Cowper’s remarks to the effect that 
in the earlier trials of rotary puddling furnaces, 
failure ensued because it was attempted to obtain a 
fettling which would stand instead of one which 
would become reduced and would then require re- 
pairing. Mr. Menelaus had fallen into this error 
or he would have probably have solved the question 
of mechanical puddling at thé time he was working 
at it. He corroborated the.statement that had been 
made that Mr. Heath had done all that could be 
done with the Danks furnace, but without water cas- 
ings rotary puddling furnaces cannot be got to stand. 
In reply to the inquiry of Sir Joseph Whit- 
worth, he stated that with his ordinary plates he 
got a tensile strength of from 20 to 2] tons per 
square inch, and an elongation of about 30 per cent. ; 
this he considered was better than a strength of 
24 tons with an elongation of only about 10 per cent. 
He added that he had punched both best Yorkshire 
and the Crampton homogeneous plates, and he found 
that whereas in the former the operation of punch- 
ing reduced the strength per square inch from 22 to 
16 tons, inthe latter case the reduction was from 20 
to 19 tons only. The important thing to consider was, 
what was strength of a plate when worked up into a 
structure, and the facts he had stated bore upon this 
question. As regarded the drying of the fuel to be 
used in his system, that was a minor consideration, as 
it could be readily effected by the waste heat from the 
furnaces ; in practice there would be no occasion to 
touch the coal by hand after it left the truck. In 
the course of his experiments he had used anthracite, 
and during the previous week he had worked with 
coal containing 20 per cent. of dirt. With his mode 
of burning coal dust there were no unconsumed 
particles discharged into the chimney. Altogether 
about 3000 tons of coal had passed through his fur- 
nace at Woolwich, and the whole apparatus is now 
in perfect order. 

The President, Mr. Hawksley, in summing up 
the discussion observed that for more than forty 
years ironmasters had been paying attention more 
to the production of large quantities rather than 
high qualities of iron, and that consequently an un- 
certainty hed arisen as to the strength of the ma- 
terial which occasioned considerable inconvenience 
to its users for structural purposes. The result had 
been that a mistrust of English iron had arisen both 
at home and abroad, and hence other nations had 
been led to manufacture iron for themselves, This 
was a state of affairs which ought to be remedied, 
and he was glad, therefore, that Mr. Crampton and 
Dr. Siemens were doing something towards the pro- 
duction of improved material. As anation we have 
great mineral wealth, the coal and iron being usually 
contiguous, but unfortunately our ironstone was not 
always of the best, the Cleveland ore, for instance, 
containing an important percentage of phosphorus. 
Iron manufacturers were accustomed to consider 
proportions by weight, but if the proportions were 
taken by bulk the results were more striking. For 
instance, a ton of iron amounted to about 5 cubic 
feet, or say a cube measuring 20 in. onitsside. But 
the 1.3 or 1.4 per cent. of phosphorus found in 
Cleveland ore would amount in a ton of iron to a 
cube measuring 8in. on its side. This comparison 
of 20 in. and 8 in. cubes was much more striking than 
a comparison of the respective weight of the iron 
and phosphorus. Besides giving rise to cold short- 
ness, this phosphorus produced bad results in other 
ways. For instance, if water pipes were made of 
Cleveland iron it was found that when soft water 
containing organic matters stood in dead levels, the 
water absorbed the phosphorus from the iron and 
became most offensive. It was, therefore, most 
important for many purposes that the phosphorus 
should be removed. The Bessemer process was a 
case in point. He believed that Mr. Crampton’s 
process would be most valuable for preparing from 
Cleveland and similar irons a material free from 

hosphorus for the manufacture of steel by the 
Ricutenst Genta process. Referring to the process 
of combustion in Mr. Crampton’s furnace said 
that the fuel was to a large extent converted into 
a 6 Neri gas, and that the hydrogen probably 
took up the phosphorus, becoming phosphore 
hydrogen. Arguing from this he believed that if iron 
ennai phosphorus was used in the Bessemer 
process, the phosphorus might be to some extent 
removed by blowing hydrogen through the metal. 





quality of iron, there is still ay opening for con- 
siderable ironmaking. Replying to Mr, Cochrane, 


Finally, he instituted a comparison between Dr. 
Siemens’ system of workingand Mr, Crampton’s, and 


stated that the former eycaee gave a purer flame, 
and that consequently for producing very pure ma- 
terials the former was better than the latter. 

It is, we think, somewhat to be regretted that 
Mr, Hawksley should. thus at the end of his sum- 
ming up have made a statement which had never 
been brought forward during the discussion, and 
which certainly admitted of dispute. Under the 
circumstances, Mr, apes gy was of course pre- 
cluded from replying, and the question as to the 
relative purity of the flame obtained by Mr. 
Crampton’s system of burning fuel and the 
flame of a Siemens furnace was therefore not further 
ventilated. We may remark, however, that sup- 
posing the same fuel to be used in both cases, there 
seems to be no reason why either flame should, as 
far as purity goes, possess any advantage over the 
other. We have referred specially to this matter 
because we are aware of many instances where from 
inadvertence totally fresh opinions have been intro- 
duced to a’meeting during presidential summings up, 
and the practice is one which it is desirable to avoid. 
In the course of a discussion before a scientific body 
there is no one whose opinions have more right to 
be heard than the president's; but it is desirable 
that those opinions should be announced either at 
the beginning or in the course of the discussion, and 
not at its close, Although these remarks have to 
some extent been gE in the present instance 
by the statement of Mr, Hawksley, yet they are by 
no means intended to apply to him specially. What 
we have written will, we regret to say, apply to 
presidential practices generally, There can be no 
doubt that, as we have already said, this habit of 
introducing fresh matter in a summing up arises in 
most instances from inadvertence, and we believe 
that attention has only to be publicly drawn to the 
inconvenience of the practice to in most cases secure 
its abandonment. 

Wehave devoted considerable spaceto our summary 
of the discussion of Mr. Crampton’s paper because 
the subject discussed is just now one of the utmost 
importance. On the results of the discussion Mr. 
Crampton is, we consider, to be congratulated, as 
the statements advanced in his paper were in no 
way impugned, 


McCartTer’s CONDENSER. 


The next paper read was one “On McCarter’s 
Condenser without Air Pump for Steam Engines,” 
by Mr, Francis Preston, of Huddersfield. This paper 
we reprint in extenso on page 88 of our present 
number, while we may add that on 422 of our 
twelfth volume we illustrated Mr, McCarter’s con- 
denser in a form differing only in mechanical details 
from that in which it is now made, At the con- 
clusion of the paper, a few remarks were made b 
the author, in the course of which he stated that he 
considered the condenser especially suited for appli- 
cation to winding engines, as the vacuum would be 
always maintained ready for the starting of the 
engine. In the earlier condensers, he added, the 
lower chamber had been made too large, but this 
had now been corrected, 

The discussion was then opened by Mr. Charles 
Cochrane, who inquired what was the quantity of 
condensing water used, and stated his belief that the 
quantity to be dealt with would be greater than in 
ordinary condensers. Mr, Lewis Ulrick, who spoke 
next, said that he believed there were many cir- 
cumstances under which a good blow - through 
condenser could be advantageously used, but he 
questioned the special applicability of the McCarter 
condenser to winding engines, In the case of such 
engines a vacuum could be readily produced by 
blowing through, as in marine practice. Referring 
to the calculations in Mr. Preston’s paper, Mr. Ulrick 
added that it was quite impossible to discuss them 
under the circumstances, and he urged that all 
papers containing such calculations should be in the 
hands of the members before the date for reading. 
In reply to this latter observation the President ob- 
served that as a rule copies of the papers could be 
supplied in advance to those who applied for them, 
but that in the present case the paper had not been 
received in time to admit of this course, 

Dr. Siemens inquired respecting the quantity of 
live steam required to work the apparatus, and re- 
marked that he doubted its economy. The con- 
denser, in fact, worked on the principle of the old 
Newcomen engine, and it seemed to him that the 
steam required to work it must be much more than 
that necessary to provide the power for driving an 
ordinary air pump, On the other hand there was 





the advantage of doing away with an air pump, but 
he questioned whether this advantage was not 
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ht too dearly. Dr. Siemens also expressed his 
doubts as to the quality of the vacuum produced by 
apparatus, as it appeared to him that the air the 
would not properly follow the waterinto the lower 
chambe 


r. 

Mr. Bramwell, who spoke next, observed that Dr. 
Siemens had to a great extent anticipated the re. 
marks he was about to make. For his own part he 
could not help thinking that the introducer of this 
condenser had. set to work to deal with imaginary 
difficulties which were supposed to be attendant 
upon the use of the ordinary air pump. As for wind- 
ing engines, he might mention the engines used many 
years ago on the Blackwall Railway, when that line 
wag worked with a rope. In thatcasethe air pump was 
worked by a separate engine, and a ‘similar practice 
had been adopted elsewhere. High speed had at 
one time been considered fatal to an air pump, but 
against this he instanced the practice of Messrs. 
John. I. Thornycroft and Co., who in some of their 
steam launches successfully work the air pumps 
direct with the engines running at 500 revolutions 
per minute. The Morton ejector condenser he 
considered was, as —— with McCarter’s, a 

referable arrangement when live steam was used 

or working the condenser. In Scotland a simple 
form of blow-through condenser was much used in 
some districts, but all he could say for it was that it 
was better than none. In the McCarter condenser, 
if the lower condensing chamber was reduced in size, 
the proportion of air removed at each operation of 
the apparatus would be reduced also, while he added 
that in the arrangement under discussion the 
quantity of steam used was the same whether the 
engine was doing full work or not. 

Mr. Thomas Adams, remarked that as far as 
the economy of the apparatus was concerned, the 
question was whether the steam used by it was more 
or less than that which would suffice to drive an 
ordinary air pump. ‘To this question he wished to 
have a definiteanswer. ‘The author of the paper, in 
replying on the discussion, stated that the con- 
densing water used in the McCarter condenser was 
less than in an ordinary condenser, because the 
power required to work an ordinary air pump was 
saved, and so less steam passed through the engine. 
In the case of winding engines, the advantage of 
the arrangement was that the driver was left free 
to attend to signals and had not to perform any such 
operations as blowing through. As regarded the 
quantity of steam used, he referred to Mr. Wood's 
calculations given in his paper (vide page 89 of the 
present number), and stated that the theoretical de- 
ductions there arrived at he had partially proved in 
practice. The apparatus gave a vacuum of 12} Ib., 
and this he believed to be the natural vacuum (!) to 
be obtained by the condensation of steam, any 
vacuum beyond this obtained in ordinary engines 
being due to the action of the air pump, 

The calculations by Mr. Wood incorporated in Mr. 
Preston's paper are, tosay the least of them, somewhat 
involved, and had it been possible to discuss them 
at the Birmingham meeting, objection would we 
think certainly have been taken to the deductions 
arrived at, We have, unfortunately, not space this 
week to analyse Mr. Wood's figures, but the subject 
with which he deals is an interesting one, and we 
may probably have something to say about it here- 
after. 

Frispie’s Frre-FEEDER AND GRATE. 

The last paper read at the meeting was one “ On 
the Frisbie Fire-Feeder and Grate for Boilers and 
Furnaces,” by Mr, Bernard P. Walker, of Birming- 
ham, This paper, which was very short, was almost 
purely a descriptive one, and as we have recentl 
fully illustrated and described the apparatus to whic 
it referred (vide page 244 of our last volume) we 
have not deemed it necessary to reprint the paper. 
We may remark, however, that Mr. Walker stated 
that a furnace arranged on this system has been 
in use for nearly four years at thy Spring Hill 
Rolling Mills, Birmingham, in muffles for heating 
brass and copper sheets, while it has also been in 
use for over a year under steam boilers in the 
neighbourhood, and for over eight months in a glass 
furnace in London, the applications being in all 
cases satisfactory. 

After the had been read Mr, Walker stated 
in reply to an inquiry that as much as 25 1b. of coal 
per square foot per hour had been burnt in a Frisbie 

te. The grate had also been applied to a Cornish 

iler externally fired, but he considered it of 
— value as applied to furnaces other than those 

boilers, After some inquiries as to the worki 
of the apparatus had been made by Mr. Olrick an 


Mr, Holroyd Smith, Mr. Bramwell observed that 
30 years ago a furnace fed with fuel from below was 
in used in connexion with a boiler at Woolwich 
Dockyard, the fuel when raised having a slide 
pushed under it, and being thus supported while 
the feeding piston descended to receive a fresh 
charge. He added that he and Mr. Homersham had 
in their younger days been much impressed with 
the advantages to be derived from feeding the fire 
from below, and their enthusiasm on the subject 
had led them to patent a kind of shovel for supply- 
ing fuel in this way. The task of — this 
shovel, however, proved too much for the stoker, so 
that they abandoned their plans. 

Replying to the remarks which had been made 
Mr. Walker said that the combustion of smoke with 
the Frisbie feeder was perfectly satisfactory with a 
thick fire, but not so perfect if the fire was kept too 
thin, the new coal then penetrating through the 
mass, ‘The grate was for some eo made 
square instead of round, as described in the paper. 
No inconvenience was found to arise in consequence 
of the coal sticking in the hopper, the latter being 
now made rather larger at the top than the bottom, 
the top and bottom diameters being 20 in. and 16 in. 
respectively. The bars are found to stand well, and 
a sample exhibited (and in excellent condition) had 
been under a boiler twelve months. In the case of 
a furnace for nickel the bars lasted nine months in 
the Frisbie grate against less than three months asin 
an ordinary grate. The proportions of the bars are 
modified according to the class of fuel to be used, 
and clinkers are found to give very little trouble, as 
from the manner in which the fuel is fed in and 
combustion takes place, they form chiefly at the top 
of the fire instead of on the grate-bars. As re- 

arded the old furnace at Woolwich, referred to by 
Mr. Bramwell, he believed that the difficulty ex- 
perienced with the slide to a great extent led to its 
abandonment. In the case of the Frisbie grate there 
was no such difficulty.* 





THE THUNDERER EXPLOSION. 


On Wednesday morning a large party of gentle- 
men interested in, or officially connected with, the 
investigation of the cause of the explosion were 
taken off to the Thunderer, which since our last 
visit has been towed out into the stream. The 
Coroner has engaged Mr. Lavington Fletcher, the 
Chief Engineer of the Manchester Steam Users’ 
Association, to act as his engineer-assessor during 
the inquest, and to superintend for him the official 
examinations of the exploded boiler and all apper- 
taining to the cause of the disaster. The Coroner in 
the first place applied through the Home Office for 
the assistance of a Board of Trade officer, as has 
often lately been done. The Board of ‘Trade have, 
we think, wisely declined to give an assessor. We 
understand that the Admiralty also cbject to the 
appointment of any Government officer as assessor, 
as they are anxious to have the matter thoroughly 
sifted to the satisfaction of the public, and not to 
give the slightest ground for saying that the inquiry 
has in any way been conducted in favour of the 
Government by employing Government servants as 
the instructors of the jury. 

The appointment of Mr. Fletcher is the best that 
could have been made. He is chief engineer of an 
association that has for its object simply the pre- 
vention of boiler explosions, and not the making of 
profit ; an association that now has the inspection 
of three thousand boilers under steam, and for the 
twenty-two years of its existence has never had an 
explosion. ‘The Manchester Steam Users’ Associa- 
tion being solely for land boilers, and the contrac- 
tors and the Admiralty being interested in boilers 
afloat .only, there is no business connection be- 
tween Mr. Fletcher and either party in the case, 
either present or prospective. 

The Admiralty have, on their part, engaged Mr. 
J. F,. Bramwell, F.RS.—whose powers of clear 
explanation will be of great value to the jury—as 
their technical representative in the case. Messrs. 
Humpbreys have retained the assistance of Mr. John 
Bourne, . William Parker, Chief Engineer Sur- 
veyor, Lloyd's Registry, and Mr. F. C. Hyde, Con- 
sulting Engineer. 

* We t that owing to the ¢ demand upon our 
space this week, rnctrnten. F u completion pe gare re- 
port on the Royal ‘Agricultural Society's Show, we are com- 

to defer until our next ber an tof the ex- 
cursions made by the members of the Institution of Me- 











chanical Engineers in connexion with the recent meeting at 


On Wednesday morning these gentlemen, and a 
great number of Admiralty officials, representatives 
of the press, and some engineers who follow 
explosions everywhere for the lessons they 
draw from them, went on board the Thunderer. 
Captain Waddilove, the Captain of the Steam Re- 
serve, received the visitors, and formally transferred 
his responsibility to Mr. Fletcher, who, he told us, 
was to represent the coroner, and to exercise his 
plenary authority and discretionary power of order- 
ing the inspections and removing, examining, or test- 
ing whatever may be necessary. 

fr. Fletcher then intimated that be would go 
below first with only a few gentlemen, those who 
were officially connected with the investigation, that 
they might have a quiet look round for a short time, 
he himself not having been on board before. In about 
half an hour the first division of visitors came up, and 
all the others were then permitted to go below, Mr. 
Fletcher desiring them to complete their exami- 
nation in an hour if possible, as he and the other 
official inspectors would have careful measurements 
and drawings to make, and they could not go on 
with that work while the place was crowded. He 
gave them nearly two hours, and then the party 
left for lunch, and only the official inspectors were 
allowed on board afterwards, 

As to what we saw at the visit we may say we 
found everything just as we left it the week before, 
and we fully examined the remains of the explosion 
and considered all points bearing on this occurrence. 
Instead of publishing the results of our examination 
as an independent inquiry it will, however, we think, 
be better that we should withhold full details until 
the officials appointed to the examination have ex- 
hausted the cubject or made some details officially 
public. We shall, however, not be trespassing on 
confidence, we think, if we say that one of the caps 
of thesafety valve chest of the exploded boiler is off. 
The cap has been struck by something in the flight 
of the valve chest, and it has sheared the top of the 
valve spindle flush with the cover of the valve 
chest. ‘The cover has stamped itself clearly on the 
spindle, and has therefofe recorded for the inspectors 
what was, then, the position of the safety valve. 
This shows that the valve was ¢hen shut, or within 
one eighth of an inch of being shut. That valve 
spindle has again broken after this blow, within the 
box, or otherwise the lead weights must have 
compressed a great deal—at least three inches ; for 
the spindle now projects through the weights about 
that distance more than it could be if it was not 
fractured. 

We may also state how the stop valves are, be- 
cause several of our readers have got into confusion 
as to how the shutting of the stop valves had the 
effect we ascribed to it. ‘lhe score or so of 
minor engines about the ship were, upon 
the day of the explosion, to have been worked 
from the auxiliary boiler. ‘The auxiliary boiler is 
placed in the fore stokehole, at the fore end, on the 
starboard side. It is about half the size of one of 
the main boilers. ‘There is a range of steam pipes 
6 in, in diameter, running through both stokeholes, 
and connected to each of the main boilers by a stop 
valve, say 6 in. in diameter. ‘These valves are situated 
on the top of the boilers, the same as the stop 
valves proper, and they have cross-handles some- 
thing like them, but smaller. Now on the exploded 
boiler the main stop valve was by accident shut, and 
on the boiler immediately opposite it the auxiliary 
valve was open. Is it possible that the engineer, in 
opening these valves, has misled himself in this way. 
opening four stop valves, as he was told, but open- 
ing two of them on one boiler, and leaving all shut 
on the boiler opposite? We shall never know with 
certainty why, but these are the facts as they are 
now. When the boiler burst, the auxiliary steam pipe 
just opposite it was carried away at the expansion 
joint on the auxiliary stop valve. This stop valve 
was open, so that this opposite boiler and the three 
in connexion with it were all open to the stokehole, 
and also by the engine-room connexion the other 
four boilers were all open to the stokehole, as well 
as the auxiliary, which we ought to have named 
first. If this auxiliary stop valve had not been 
open, the escape of steam would have been limited 
to that from the exploded boiler and the auxiliary 
boiler only. It was the bursting of the auxiliary 
steam pipe that cut off the steering engine. 

This is a hurried article substituted for a more 
lengthy notice, and many of the technical visitors 
and officers who were on board in important capacities 
ought to have been named by us, but time and space 





alike prevent us doing so this week, 
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GODFREY AND HOWSON’S PUDDLING FURNACE. 
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Tue production of iron and steel of a superior quality 
and at a cheap rate, has become so much a necessity for the 
future requirements of the world, that the problem of 
machine puddling comes more than ever into prominence. 
It is true that the manufacture of Bessemer steel, which has 
grown into so large a trade, is independent ef the puddling 
process, but it is now known that it is possible to make ex- 
cellent steel by the Attwood and the Siemens-Martin pro- 
cess with a large proportion of pig-iron of inferior brand, 
but this involves more perfect puddling than can be effected 
by hand. In addition to this iron (that is puddled iron, as 
distinguished from steel), cannot be dispensed with, for a 
multitude of purposes, where steel is not applicable. The 
ordinary puddling furnace, however, cannot hold its place 
much longer, and the solution of machine puddling is cer- 
tainly not far distant. 

Among the more recent inventions to this end, is that of 
Messrs. Godfrey and Howson, which attacks the subject by 
a method which certainly presents original and distinctive 
features. It may properly be called the jet furnace, being 
constructed so as to obtain its heat from mixed jets of gas and 
air. So long ago as 1868, Mr. Howson commenced his experi- 
ments in the application of the Llow-pipe to iron metallurgy, 
and the results of these experiments have been already de- 
scribed in this journal. (See ENGIngERING, Vol. viii., 7. 443). 
It became evident that there were many advantages in this 
mode of utilising fuel, especially in respect of economy, 
cleanliness, and absence of smoke, and the subject was 
again taken up in 1873, in conjunction with Mr. Godfrey, 
with a view of adapting it to a system of automatic pud- 
dling. When the history of mechanical puddling comes to 
be fairly written, it is just to say that Mr. Godfrey must 








hold an early place in the list of inventors, he having con- 
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structed a rotating furnace prior to the one known as 
*¢ Tooth’s,”” which was the foundation of the Dowlais experi- 
ments. 

After devoting several months in trials of different forms 
of burner, and in maturing the mechanical arrangements, 
the conclusion was arrived at that a puddling furnace, in 
order to be perfectly successful, should possess the following 
properties :— 

1. There should be no attached fireplace, but the heat 
producing arrangements should be independent. 

2. The fuel consequently being gaseous, it should be 
made capable of being regulated to the exact volume re- 
quired and of being entirely shut off when not wanted. The 
same may be said also of the air needed for combustion. 

8. In whatever manner the furnace is rotated, the ends 
should be entirely free from contact with rubbing surfaces, 
Adopting the principle of gas jet above alluded to, Messrs, 
Godfrey and Howson are enabled to fulfil these conditions 
with two modifications. The rotating chamber may either 
have two open ends or only one open end. In both cases, 
however, the action of the jets is precisely similar. When 
there are two open ends there are two sets of jets, viz., one 
to each opening, so that the jets meet in the middle of the 
chamber, and impinge on one another. When there is only one 
open end, the jets are caused to play over the bottom and 
the surface of the metal, but in both cases it will be observed 
that the products of combustion find their exit from the 
chamber, not in the same direction in which they enter, but 
recoil back in an opposite direction. We confine ourselves 
this week to a description of the latter construction, which it 
will be seen possesses several features of novelty. It is 
shown in the engraving in vertical cross-section. 

A is the rotating chamber or receptacle for containing the 








metal under treatment. It consists of a simple wrought- 
iron pan, lined with the usual oxide fettling, and it ismounted 
on a spindle B (shown in dotted lines) which is capable of 
rotation in a frame C, which frame again is mounted on a 
pair of trunnions D, and is furnished with a counterweight 
E, sufiicient to balance the weight ofthe chamber. In a line 
with the trunnion is a shaft, which may be driven from any 
source of power, and on it is keyed a bevel pinion which 
drives a bevel wheel F, the latter being fixed to the revolv- 
ing pan. On one end of the trunnion is also keyed a worm 
wheel in which a worm works, capable of being actuated by 
hand by means of a wheel G. It will thus be seen that 
while the pan is caused to revolve on its own axis, through 
the medium of the bevel gear, its position can be changed to 
any angle with the horizon by simply turning the hand 
wheel G. As shown in the figure, the angle is that which 
may be conveniently used during the operation of puddling, 
although this angle need not of necessity be strictly adhered 
to. When the operation is complete, the pan can be tilted 
over into the position shown in dotted lines for the purpose 
of taking out the ball. The jet apparatus, or what may be 
called the burner H, consisting of an outer duct for convey- 
ing gas, and an inner nozzle or a system of nozzles, consti- 
tuting the air blow-pipe, is presented in front of the opening 
to the chamber when in its working position. The direction 
taken by the entering flame, and the issuing products of com- 
bustion, will be seen from the drawings, and the mouth of the 
furnace, as will be observed, is perfectly free from frictional 
contact with either the source of heat or the exit of the gases. 
It will be understood that the usual chimney is not neces- 
sary, although something resembling a chimney may be 
applied. In the illustration it assumes the form of a broad 
hood, which protects the workmen from the issuing gases, 
and across the interior of this hood is shown a range of pipes 
through which the air is caused to pass on its way to the 
burner. By this means the waste heat of the ascending 
current is intercepted and absorbed. 





STEPNEY STATION. 

Tue alterations and improvements which have been in 
progress at the Stepney Station of the Blackwall Extension 
Railway for some months past, and which have been described 
in our pages,* have been completed, and the passenger 
traffic was resumed on Monday the 17th inst. Although the 
station was closed against passengers the trains passed 
through as usual over a temporary timber bridge, but at 
reduced speeds. The alterations which have been made both 
in the platforms and in the station buildings for the accom- 
modation and convenience of passengers are of considerable 
importance. The new bridge over the Commercial-road, 
which it crosses on the skew, has a span of 126 ft., and a 
width of 43 ft. The platforms have a width of 10 ft., and 
are 450 ft. in length, and afford every facility for carrying 
on the extensive passenger traffic which has long existed at 
tbe Stepney Station. The platforms have been continued 
beyond the bridge on cantilevers'on either side of the viaduct 
of the railway, and have been tested throughout with a 
load of 140 lb. per foot super, the deflection produced being 
scarcely perceptible. The bridge was tested by loading the 
passenger platforms and placing two of the heaviest 
Great Eastern Railway locomotives on the up and two 
on the down line at the same time, The four engines 
were afterwards coupled up and run first over the 
up and afterwards over the down road. The greatest 
observed deflection in any of the girders was half 
an inch. In order to add to the convenience and 
comfort of the street traffic under the bridge a layer of tan 
9 in. thick, upon which screened ballast was laid to the same 
depth, has been on the floor of the bridge under the 
permanent way. This has the effect of deadening the sound 
of the passing trains to a very considerable extent. The 
entire floor of the bridge has also been payed over with 
a layer of asphalte in order to prevent the percolation of 
rain water, which is carried off by box-gutters and down 
pipes. The whole of the works have been designed by and 
executed under the supervision of Mr. A. A. Langley, 
engineer to the Great Eastern Railway Company, aided by 
Mr. W. Wright. The successful termination of the works 
which have been carried out without accident and without 
causing any obstruction or delay to traffic, reflects credit 
upon those who have had the making and carrying out of 
the necessary arrangements for that purpose. The con- 
tractors for the bridge were Mesers. A. Handyside and Co., 
the platform ironwork having been supplied by Messrs. 
Westwood Baillie and Co. and Messrs. J. Oswald Gardner 
and Co. The whole of the work being of a very substantial 
character. 


ON MECHANICAL PUDDLING.+ 
By Mz. T. Russetu Crampton, of London. 
(Concluded from page 62.) 


On reference to the drawings and the description given 
three notable points of di@erence bolween the eather's ond 
tn cthor forms of revolving furnaces will be observed. 
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fireplace or rr 
bars, these being entirely abo- 
lished ; there is but one single revolving chamber A lined 
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with oxide of iron, forming the producing, consum-|of bending, stretching, and tensile strains to which they| bars take in the frame and oil cylinder increases this 
Og ts at ae ' | have been su! rH superior i _ _° | tendency, and these bearings cannot be made-slack, as any 

4.—The means adopted for the supply of fuel is} There are samples of steel plates in a similar | angular motion vertically of the lower bar moves the in- 
entirely mechanical. manner, the structure of these and of the homogeneous | tegrating disc, whish is so far above it, horizontally on the 

Third.—The whole furnace is encased in water. plates being nearly identical, showing a clean face; whereas | large disc face. The arrangement of spiral springs in com- 

With to the mode of producing the heat, the | the built-up iron plates show es of cinder : pression makes it almost a necessity that there shall be 
author that fuel in a state of or minute | the result of imperfect welding, which it is difficult in prac- | some initial strain on them, thus leading to the false zero 


subdivision affords the best 
consumption, for in that condition a machine can be con- 
stracted to feed if regularly inito a constant stream of air 
from a fan or other blower, complete combustion being 
effected without excess of air, the i ae condition 


being that the engine producing the b and ig the 
feeder should be kept at one uniform s With the 
machine shown in the drawing (which been in use 


throughout the whole series of the author’s experiments, 
extending over six years) this can be easily accomplished, 
tho power of varying the quantities of air and fuel being 
entirely under the control of the workman. The author 
believes that neither the ordinary firegrate nor gas furnaces 
can practically produce combustion so efficiently as dust 
coal, as the degree of temperature or character of flame is 
under immediate control, the system allowing that the flame 
may be lengthened or shortened to suit the various capaci- 
ties of furnaces, and maintain an equilibrium of tempera- 
ture and pressure in all parts of the furnace, a result not 
yet attained by any other system. 

After providing for the 5 vin of air and fuel, the 
next point was to consider how a revolving furnace whilst 
white hot in the interior, and containing molten metal,could 
be constructed so as to prevent the contents leaking through 
a moving joint 3 ft. or 4 ft. in diameter, a portion of which 
would be often 2 ft. below the surface of the liquid metal. 
To accomplish this, the bad effects of expansion and con- 
traction practically to be neutralised. The whole 
apparatus was therefore covered with an annular space, 

ugh which cold ——o is forced to circulate by — of 
a revolving cock, which it is hardly necessary to describe. 
The means adopted a so effectual, that after 2} 
years working the wrought-iron casing of the furnace is in 
as good condition as when first erected, and still runs as 
true as a lathe, the joint rings remaining so perfect that 
the liquid metal is completely restrained from leaking be- 
tween them. 

With the mouth or lip of the furnace, so difficult in other 
systems to keep repaired with fettling, and on which so 
much depends, no difficulty is experienced, it being self- 
fettling in its operation, and the workman has no need 
speciall y to fettle this part. If a portion of the fettling be 
accidentally knocked off, and the plates exposed to the 
interior heat in the furnace, the circulating water acts as a 
protection, and causes the melted cinder to chill and accu- 
mulate to its normal thickness. 

On many occasions, in the presence of friends, the last 
being the visit to the furnace at Woolwich by the members 
of the Institute of Staffordshire Iron Works Managers, 
the author espeany detached large portions of fettling, 
thus exposing the surface of the interior iron casing to the 
direct action of the heat ; and in a very few revolutions the 
liquid cinder solidified on the bare places, thus re-fettling 
the furnace automatically. 

By these arrangements hard manual labour is entirely 
dispensed with, repairs are reduced to a minimum, fuel is 
saved, no smoke is produced, no coal can enter the iron, 
and but little intelligence is required; and as the furnace 
is covered with water the men are not subj to any o 
pressive heat, in fact in summer the coolest place in the 
works is near the furnace. 

Some attention must of course be paid to the process, 
more particularly in preventing the formation of young 
iron, and the balling up too hurriedly. m the extreme 
simplicity of the operation this may easily happen ; 
iron has ionally been produced and not discovered unti 
worked up. This is mentioned, as it must not be supposed 
that puddling, however perfect i , can be made 
quite self-acting. 

When the greatest economy of fuel is desired, it is advis- 
able to utilise the waste heat in its up the chimney, 
either for generating steam or heating the air on its way to 
the furnace, or both, In a series of experiments lately 
made by the author in his furnace, the effect of hot air on 
the consumption of fuel was shown in a very mark 
manner. The temperature of the injected air varied in the 
various trials from 200 deg. to 500 deg. ; at 380 deg. not only 
was the fuel reduced two-fifths, but the furnace was hotter, 
besides which he was able to use, without inconvenience, 
very inferior coal containing 20 per cent. ofash. A furnace 
with a cubic capacity sufficient to puddle 15 cwt. balls was 
kept ata heat with a consumption of 3 owt. of coal, 
as compared wi 


oun; 





5 owt. when the air was injected at the 
bg myer nt of deg. 
: ee has not yet used hot air when puddling iron 


ina state ; but as the time dur- 
which coal is being blown into the furnace is known in 
other cases to be about 40 minutes for rach charge, he does 


not think himself over- in believing that with 10 


sanguine in beli 
owt. to 15 cwt. charges he will be able to reduce the coal as | On 


low as 4cwt per ton of puddied blooms; with 15 cwt. to 
20 owt., as low as Scwt. per ton. 
This is not so surprising as at first sight it 
since the gas is generated and consumed in imm 
treatment, than which there 
be more favourable conditions for economising 
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tice to avoid. : 
There are also samples of steel and iron wire and thin 
lates made from homogeneous iron puddled from Cleve- 
d pig. It may be mentioned that all the samples of iron 
pud in the revolving furnace were produced from 8 cwt. 
to 10 ewt. charges of inferior cast iron. Itis an . 4 
fact that better results are not obtained from the hig 
quality pigs ; at least, the product from the best Swedish 
and Indian charcoal pig, as well as the best English brands, 
shows no better results. 

The great advances made in the manufacture of steel 
render it necessary to consider whether many arti now 
made of iron will not have to give place to that material ; 
and this appears to be inevitable, unless the old process of 
making plates and rails, as well as many other articles, 
considerably improved. 

With regard to plates, the samples exhibited tend to show 
that as they can be made homogeneous and of good quality 
from inferior pig, es no more labour than olioney 
plates, there is some hope left; and with regard to rails 
there are many engineers who believe that case-hardened 
iron rails are more reliable than steel, for if the steel be 
made sufficiently soft to prevent breakage the wear becomes 
considerable ; but if a good soft hom eous rail be made 
from common zi and case-hardened, the maximum degree 
of ductility an rdness can be combined. 

The case-hardening of rails on Dodds’ plan has received 
some attention. In 1866 Mr. Harrison laid, on the North- 
Eastern Railway, 10,800 tons of these rails, about 6000 
of which are now in use, and are estimated to last four or 
five years longer, giving a life of nearly 20 years ; a sample 
cut out last year, originally weighing 82 lb. per yard, had 
lost 2.67 lb. sad yard. The cost of case-hardening was 11s. 
per ton, without calculation for plant. It is believed some 

ifficulty was experienced, caused by the welds opening 
during the process ; but as a homogeneous rail can now be 
produced, this difficulty can be overcome. 

In spite of the rapid increase in the use of steel rails the 
author still believes in a future for iron, and that case- 
hardened rails of the quality required can, by the aid of the 
mechanical revolving puddler, be produced at as low if not 
lower price than the ordinary Welsh or Cleveland rails. 

To give an idea of the cost of the rails and plates exhi- 
bited, the author mentions that some of them have not been 
subjected to any greater amount of working than common 
descriptions of rails and plates usually receive, the opera- 
tions being puddling and hammering into a ball, reheating, 
rebammering, wash-heating, and rolling off. More than 
twice hammering does not appear to improve the quality 
materially. 

So much is known on the subject by members of this In- 
stitution that it is undesirable to extend this paper, the 
writer's object being to call their attention to some of the 
results obtained by puddling large masses, together with 
the means employed. 

The author, in conclusion, remarks that during the whole 
course of his investigations he has sought criticism. At 
present he cannot suggest any substantial mechanical im- 
provement in the furnace which has been at work so lo 
at Woolwich; he may have overlooked some essenti 
points, but although on many occasions he has earnestly 
invited his friends—iron manufacturers, » en- 
gineers, foremen, and others—when observing the working 
of the furnace, to su + improvements which might 
render it better ada; to withstand the rough usage of 
iron works, no response was made ; and he conceives that 
any serious depa from the arrangements now in use 
at Woolwich would be more likely to do harm than good. 

This absence of criticism may have arisen from a sense 
of delicacy ; but the author trusts members now present 
will have no such scruples, as it is only by exposing the weak 
points of any system and discussing them that perfection is 
attainable. 

The author also desires to record his conviction, after a 


ed | long series of trials, and after testing many hundreds of 


samples, that homogeneous material is superior in every 
respect to that built up of pieces, and deserves the most 
serious consideration on the part of iron man i 
more especially since it has come to his knowledge that 
some of the most extensive and influential users of iron 
have determined not to forge Bog avs made by piling 
when they can obtain that which is homogeneous; an 
further, that if mechanical is to snpersede hand pud i 


and if masses are to be ted, we must loo 
rather to the revolving barrel system than to that involving 
the use of a mechanical rabble. 





DYNAMOMETERS AND BRAKES. 
Dynamometers, Friction Brakes, and other Testing 
Apparatus belonging to the Royal Agricultural Society 
af England.® 


63. 
To an institution such as this fk is eat to notice the 
blemishes which have, of course, themselves in 
this instrument, the first of its kind, its useful life 


of twenty years, as many of them 
a! ing d eters. Tn 
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The number of (six) which these two connected 
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adjustment and the more complicated formule and co- 


“The smalls ae of & and integratin 
es ess of range of the in g 
disc (about)2 in.)‘is also undesirable, as the average compres- 


sion should seldom exceed about one-half the maximum, 
andany slackness or imperfectadjustment anywhere may tell 
seriously on results, when the mean spring compression 
and disc travel is only about 1 in. 

The integrating disc requires a ready means of horizontal 
adjustment, and the oil cylinder has recently been noticed 
to have a defect common to the same detail in all these in- 
struments, namely, that it could not work when absolutely 
full of oil, in consequence of the smaller displacement at 
the piston-rod end of the cylinder. The rod should be 


be | carried through both ends of the cylinder, or some other 


arrangerrent made to obviate this. 

The changing of springs is a tedious aperetion, as half of 
the working must be dismantled and re-adjusted after- 
wards, and the new springs must be tested, which is no easy 
matter in animplement trial field. Probably future editions 
of the instrument would be better with spiral springs in 
tension, and drawn directly from their centres. 

Horse Dynamometer (so called partly to distinguish 
it in name from other instruments, and also because it 
mechanically represents a harnessed cart horse in any im- 
plement or vehicle to be ae designed owmeg od for 
testing carts, wagons, and other wheeled vehicles having 
shafts, at the Bedford Meeting of the Royal Agricultural 
Society in 1874. It was used again last year, at the Taunton 
Meeting, for testing mowing machines, and will again come 


into requisition next A t for wey Sage reaping machines 
which are selected for trial at the present Show. It 
is now at the Exhibition of Scientific Apparatus at South 
Kensington. 


This instrument* was designed by Mr. W. Anderson and 
the author in 1874, and wasmade at the Erith Iron Works. 
It is the most perfect integrating instrument belonging to 
the Society, every care having been taken to avoid sources 
of weakness and irregularity which had been noticed in the 
working of previous instruments. 

The general principlejof this dynamometer is, that it shall 
occupy the same position as a powerful cart horse in any 
wheeled vehicle to be tested, that it shall draw the vehicle 
on any sinuous course by means of harness attached to the 
shafts in the usual way: and that in doing this it shall 
register the most important strains which a horse would 
have to exert in drawing it. 

To determine in the first place the leading dimensions, a 
16-hand cart horse was harnessed into an agricultural 

on, and subsequently into a two-wheeled cart, and his 
action in drawing these along straight and sinuous courses 
was narrowly watched. The carter was also closely ques- 
tioned on the practice of harnessing horses into such. 
vehicles, the proper height for shafts, back weight, &c 
The adjustment of back weight to varying circumstances 
seems to be an important point with carters ; they consider 
it desirable to have between + cwt. and 1 cwt. on the back 
of a cart horse, and for — up hill they further increase 
this by shifting the load, no doubt to add to the horse’s 
gripp power. It was noticed that the shafts were 
materially wider than the horse’s body, and that the 
draught chains expanded outwards from the attachments 
on the collar to the hooks on the shafts, and generally in- 
clined downwards at the same time. In virtue of this 
ent it appeared that there was very little hori- 
zontal vibration of the shafts, and the horse was able to 
turn round moderate curves, without causing the shafts to 
rub at all sideways against his shoulders. e heights and 
sitions horizontally of the collar chains, back saddle, 
pecking, &c., were measured, and the design was then 
proceeded with. 

All the instrumental parts are self-contained on a small 
bed-plate, mounted upon a carriage frame of wood and 
iron, resting upon four broad and heavy cast-iron wheels, 
which add to its oe by lowering the centreof gravity. 
The hind wheels are p at 4ft. 8in. apart between 
centres, the wheel base being-narrow, so that vehicles which 
are to be tested on soft ground may not have to follow on 
beaten tracks antonio 3 made by the instrument. The 
front wheels are narrower still, being placed at 2 ft. 9 in. 
between centres, and carried in a wrought-iron locking 
frame, with a pair of ordinary en shafts for drawi 
it. Some vertical slackness on the oe is permit 
in this frame, and this, combined with narrow front 
wheel base, insures both the hind wheels always bearing 
on uneven ground, this being a necessity, as one of them 
drives the et apparatus. 


instrumental parts, the pairof ht 
springs are of untempered steel ; are of uniform width, 
with edges, and are jointed with one accurately fitted 


pin at one end, and two such pins with a short link at the other 


end. This arrangement ents tendency to el- 
ruler motion, as would be the case if thive ere inks at 
both ends, and at the same time permits each bar to 
could at te the nase it rege be tacked ime 
n © case were a im- 

: ee Se eee 


Sa 

section of the springs is approximately parabolic, the bases 
at the centre eye in each case; their proportions 
determined from statistics afforded by the late Pro- 
fessor Rankine, in his work on ‘‘ Machinery and Millwork.” 


* The horse dynamometer referred to was f 
on 28 and $9 of the eamse voh e we gave an account 
of the results obtained with it at Be : E. 
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pad ae Sete pairs of ‘these r , 
intere le, two pairs being 5 . “end: 
centres, nad snited for maximunt pulls of 600 1b. and 1000 Th., 
and the third pair 5 ft. long, will work up to 16001b. pull. 

e lightest pair of these ary is laid on the table for 
inspection. The centre eye of the front spring is held by 
an aceurately turned pin carried in a fork cast on the front 
end of the bed-plate ; the eye of the other spring ‘is 
similarly carried in a fork on the end of the turned dranght 
how, which is very stiff transversely, and is carried only in 
two bearings, namely, one just behind the fork end, and the 
oil cylinder at the back of the bed-plate. 

Behind the first-named bearing the draught bar is 
flattened, and the triangular draught’plate ‘is here jointed 
to it with washers above and~ below,- to insure great 
freedom of motion horizontally. This draught plate 
is a very important detail, and represents a horse’s 
shoulders and collar. Attached to the draught bar at its 
front end by a pin, the corners are supported on easy- 
ranning castors, which move freely in any direction 
on the top surface of the bed-plate. To these corners, 
beyond the castors, and considerably behind the centre pin, 
are attached the draught chains, which ‘are hooked to 
the shafts of the vehicle which is to be tested. The height 
of these chain attachments, and their width apart on the 
dranght plate, are very nearly identical with the height and 
width of the similar attachments on the collar hames of a 
16-hand horse ; and in virtue of this arrangement the dy- 
namometer will draw a vehicle behind it round a consider- 
able bend, always keeping both draught chains strained, 
and inclining the vehicle to follow in its track, without 
bearing materially against the inside of either of its shafts. 
The shafts really seem to float horizontally, rise touching 
the sides of the instrument, and the tendency of the draught 
plate is always to right itself, like a stable floating body, as 
soon as possible whenever it is moyed from its central posi- 
tion. ‘The castors eliminate all vertical components of 
pull, so that only the direct horizontal. components which 
are effective for doing work are communicated to the 
springs. 

Above the oil cylinder a wrought-iron chain saddle re- 
presenting that carried by a horse in cart harness, is sus- 
ery from one end of the leyer, the other end of which is 

eld by a Salter’s balance at the rear of the carriage. Over 
the saddle the ordinary shaft chains are passed, and the 
shafts being adjusted to their proper height by means of it, 
the weight carried on the saddle in any experiment can be 
read off readily on the dial referred to. Breeching chains 
are attached to the side frames, for restraining implements 
behind the instrument, when going down hill. At the rear 
end of the carriage, arrangements are made for testing any 
pair of springs readily in the field by means of a long- 
ended bell-crank lever, the short arm of which can be 
linked when necessary to the back end of the piston rod, 
while to. the long horizontal arm at its outer end known 
weights are suspended. 

The registering and integrating apparatus are similar 
in principle to that in the plough dynamometer pre- 
viously described; important improvements: have how- 
ever been made in the details. The distance counter 
and large dise are worked by means of bevel gear and 
shafts from the hind shaft of the carriage, which is keyed 
into one travelling wheel, while the other runs loosely 
upon it; a clutch and handle serve to disconnect or connect 
the gear readily. The motion of the draught bar is trebled 
on to. the integrating disc by means of a lever, which has its 
fulcrum self-contained on the bed-plate, and at its upper 
end is connected by a link to a small gun-metal sliding frame 
which rests in two easy fitting bearings, and contains in 
itself the integrating disc, with its shaft and a:simple and 
easily read counter worked by it, for recording the number 
of revolutions of the dise. The front end of the slide also, 
beyond its bearing, carrics a pointer for indicating to an 
observer the variations of draught and the maximum 
draught on a clearly figured scale of loads. 

The distance register is kept on an equally clear counter 
behind the large disc, and worked by toothed wheels off the 
driving shaft. The maximum range of motion of the 
slide and integrading dise is in this instrument 8 in., and 
the disc can always be adjusted to the centre of the large 
one by means of the right-and-left-handed screws and nut 
on the link. In this instrument, too, there is extremely 
little longitudinal friction either in the dranght bar or slide, 
each of which is carried in two bearings only, which cannot 
twist relatively to oneanother. Thesprings also will always 
adjust themselves exactly toa passive position when unloaded, 
if the draught bar is slightly shaken by taps of a mallet on 
the side of it. This does away with all necessity for the 
complicated formule and corrections of readings, necessary 
with the plough dynamometer. Any pair of springs can be 


s, Which “ate Pedi 


introduced, adjusted, and tested in a very short space of | jg 


time, and the formule for the coefficient with any pair of 
springs C = we , is found always to be approximately 
n 


uniform, whatever the effective load on the draught bar- 
Really C should increase very slightly when the springs are 
attheir maximum range and curvature, but the irregularity 
is so small as to be inappreciable. The most important 
blemish which the writer recognises in it is the oil cylinder, 
which, as in the plough dynamometer, has different dis- 
placements at its ends ; but this defect can easily be obviated 
now it is se2n, and really in practice it has not been found 
necessary to fill the cylinder with oil, the range and inertia 
of the springs and other working parts apparently absorb- 
ing most of the violent shocks brought upon them. Bosses 
and other'provisions have been made on the front end of 
the instrument frame for adding a paper cylinder at any 
time for Me go I diagrams, with a pencil attached to the 
front end of the counter slide, but up to the present time 
this has not been ‘required. 

When mowing and reaping machines are to be tested, a 
very narrow wheel base is essential, as otherwise the stand- 
ing crop would be injured, so the hind wheels are then re- 


pluced b a smaller pair, fixed at the same'width apaft a® 
He fronv-wheéls thet’ also' hdtiedutal Bat ‘atthe rear 


end-of the carri the ‘pole “of ‘the mowing ma- 
chine, which p under thet ts jage; and the side 
thrust-of the wa can be read off, on a horizontal Salter’s 
balance; suitably attached to the there. Then, 
too;a long iron whi bar is gene’ bolted. across 
the draught plate, and the implements are drawn by long 
chains from the ends of the whippletrees. 

At various times otter draug t-testing instruments have 


been arranged for the Socie 
these were a hydraulic cylinder for testing pulls on steam 
plough ropes, and an elaborate integrating dynamometer 
or a simi purpose. Thesé instruments, however,’ did 
not give good results, and have, therefore, been discarded, 
and in the last steam plough trials at Wolverhampton, in 
1871, the total expenditure of work in*foot-pounds per 
pound weight of earth moved was determined approximately 
from indicator Vy aes taken from the engine cylinders. 
The Friction Brake Dynamometer, ‘which abeorhs the 
available energy of any prime mover by the friction of a 
strap on a pulley, and measures its amount at the same 
time, was invented by M. Prony; but ‘the ‘instruments be- 
longing to the Society possess important {modifications 
an 


improvements, which were introduced by Mr. C. E. 


Amos, and the late Mr. Appold, who as an amateur engi- | ti 


neer always took great interest in the Agricultural Society’s 
trials and testing instruments. 

In its present shape it is by far the ——_ type of dyna- 
mometer, and at the same time the most delicately accurate 
in its testing powers. 

Three of these instruments were made for the Society 
in the years 1848, 1852, and 1854 respectively, all being of 
one size, and suited for a maximum of about 20 horse power, 
at 120 revolutions per minute. Originally each of them 
was mounted with one driving pulley, for receiving the 
power from the engine by means of a belt, and one brake 
pulley on the same shaft, for absorbing the power; but 
latterly two of them have been altered to drive with uni- 
versal coupling shafts, direct from the engine crankshafts, 
and the belt pulleys have rier mare gy! been removed. The 
reason for this change is obvious, as the tension of a belt 
on both sides of the pulley, as formerly arranged, absorbed 
additional power in journal friction; and this loss was pro- 

rtional to the tightness of the be!t. The slipping of the 

lt, both by apparent sliding on te pulley and also from 
the difference of elasticity at its tight and slack sides, 
caused other i rities which it was impossible to ac- 
count for in recording results. 

The largest brake Sera nad to the Society is on exact 
the same crime as those above referred to, but muc 
larger, having three brake pulleys on the same shaft, instead 
of one only, as in the r ones. It was made in 1871, 
for testing the largest ploughing and traction engines which 
were presented for trial at Wolverhampton in that year ; 
and as Messrs. John Fowler and Co. had entered 20 horse 

wer engines, one of which actually worked up to 143 in- 

icated horse power during short intervals in the plough 
fields, it was thought prudent to rt oad the brake 
for a maximum of 100 horse power, at 100 revolutions per 
minute. 

The instrument consists primarily of a cast-iron carri 
and A frames, supported on wheels and axles, 80 as to 
suited for running on rails in a long trial shed, opposite to 
which the several engines to be tested should be parked. 
Two well-fitted 5 in. bearings on the A frames carry 
the main shaft, on which three brake pulleys, each 5 ft. 
diameter and 7 in. wide, are keyed, two of these being 
situated between the bearings, and the third on an exten- 
sion of the shaft beyond them. To the other end of the 
shaft a universal coupling shaft is keyed. Any engine to 
be tested adjusts its crankshaft as nearly as possible to the 
same height and direction as the brake-shaft, and then 
couples on to the other end of the shaft with similar fork 
couplings, one of the forks being arranged to slide on the 
shaft so asto adjust the length exactly, and avoid risks of 
end friction on any of the journal col. of either engine 
or brake. Each of the three brake pulleys constitutes a 
complete brake in itself, and for moderate powers it is 
sometimes desirable to run with only one or two of them 
at work, the straps in that case being removed from the 
others. The brake also can be driven by a belt over one 
of these pulleys, if it is inconvenient to use the universal 
coupling shaft. 

Looking at the cross section of the instrument at any 
brake pulley there will be seen a pair of straps of strong 
hoop iron passed round the pulley and screwed down to 
nine wood blocks, which are fitted to the slightly rounded 
outside rim of the pulley. Gun-metal side guides are 
screwed to the sides of the blocks to keep them in position 
terally. On one side eyes are formed in the straps, and 
to these the testing weights are suspended by means of 
arod. On the opposite side of the pulley the straps are 
cut, and conn again by means of the right-and-left- 
hand screw for adjus the degree of tightness by hand. 

At its lowest point the strap is severed again, and the 
ends are connected by pins to a pendulum sometimes 
the differential lever. is connexion is an i ious 
mechanical contrivance, though very simple in its details 
and easy to understand. Its object is to maintain a uniform 
frictional resistance on the brake by a the weight 
attachment in one vertical position, and this it does with 
extreme deli in the following manner. The pendulum 
consists of two links suspended from joints on standards at 
each side of the pulley. Their length may be a by 
nuts at their top ends, and by means of the joints in the 
standards they are free to move through — of moderate 
extent on oath side of their vertical position. The first 
essential with this pendulum is that its length shall be less 
than the radius of the brake pulley and the second is 
the ends of the strap on the weight side of the brake shall 
be jointed to it at a point or greater 


E 





centre of suspension than the strap ends on 


, blocks increases, and lifts the c 


8 trials, and notably among | i 


carrying two 
called | pair of toothed wheels U and V, each 
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a’ standard ‘marks the proper position 
ee te ‘the’ patrician award 
cause the friction of the brake 
; int above the pointer, thus 
sligh round the pulley, the pen- 
¢ ill incline towards the weight and slacken the s 
in that direction to a greater extent than it tightens it in 
the opposite direction, in proportion as the radius of the 
one joint is greater than that of the other. The result is 
that the point of £ attachment will return nearly to 
its pore level, and if from continued actions of this 
it should move ey, from this its normal position, the 
strap must be slacken the hand-screw iill this result 
is obtained. A similar but directly opposite action takes 
eer if the point of weight suspension falls below its proper 
evel from the strap being too slack. The weight rod 
carries at its bottom end a , which is a very easy fit in 
an open-topped cylinder or dash pot, which is filled with 
water when the brake isin use. The weights are of dif- 
ferent sizes, and are slipped on to the rod above a disc 
which is screwed to it for supporting them at such a level 
as to be well above the top of the dash pot, when the in- 
strument is in use; but so that they can rest on the top 
bors Sa! the dash pot, when the brake is at rest, without 
pus’ the pendulum very far over in the opposite direc- 


on, 

The revolutions of the brake are registered on a counter 
placed on a standard opposite one end of the shaft, and 
connected or disconnected at will by means of a handle and 
driving pins on the shaft and coun Platforms: are laid 
round the carriage for the convenience of the attendants, 
one of whom must always stand by the adjusting screws, 
and alter them when necessary to keep the joints opposite 
the pointers, while another looks after the lubrication and 
cooling of the straps and pulleys with water services. The 
usual lubricants used are tallow and blacklead, introduced 
in lumps between the wood blocks, with a little oil oc- 
casionally from lubricators suspended above the pulleys. 
Water cans, with cocks, are also placed above the pulleys 
for the water-cooling services, the supply to the cans being 
secety kept up by a small hose when there are conveniences 
or so doing. 

A forked steel gauge is provided for measuring the exact 
radius of the joint, at which the weights are suspended. 
To facilitate this measurement, the joint pin is turned down 
to sharp points at its ends, and the mean distance’of these 
vey ne either re ee yoy from the — yg a 

aken by pressing the fork of the ainst the s 
and railing off the figures on a sola af the omer end of it. 
The gauge has also engraved upon it a scale of the circum- 
ferences of the circles corresponding to the radii of the 
joint, and it is usually more convenient to read off this 
scale. The brakes were fitted in- the first place to give a 
radius of 2ft. 9in. to this joint, corresponding to a cir- 
cumference of 17.27ft., but these dimensions of course 
diminish as the wood blocks wear down. 

The wood block beneath the joint at which the weight is 
suspended is increased in width beyond the other blocks, 
partly to increase the bearing surface on the ey, there, 
and also to make the halves of the strap, with its blocks, 
&e., as divided by.a vertical centre line, equal in weight. 
Then the effective load upon the brake is the load suspended 
by the rod at the joints just mentioned, namely, the weight 
of rod and washer plates as measured with the bottom 
in water, together with the weights carried by the rod. 

The foot-pounds of work per revolution then equals the 
effective weight W, multiplied = circumference of the 
circle whose radius is DH, or that at which the weight is 
suspended. 

utting W=total effective weight in pounds. 

c=circumference in feet of circle of radius D H. 
n=number of revolutions in any time. 
t=time in minutes. - 
then total foot-pounds of work ot nm, and the 
mi actual brake horse power=~—~°*", 

mee power 33,000 xt 

It is usual in trials of portable and other engines to let 
each exhibitor determine the mean speed in revolutions per 
minute and the horse power at which he wishes his engine 
to be tried. Let r be the revolutions per minute, and P be 
the pre which he elects for; then the gross weight on 


the brake must be 
w=23,000xP 





cxr 
and from this must be subtracted the weight of the rod, 
&c., to determine the apparent weights which must be 


applied. 
Lhe Rotary Hand Dynamometer shown in the diagrams 
was made in 1849, for testing small hand-worked ma- 
Sep Auiiciap eaeaemiietolmanice an tee 
P ‘ very little information on the 
subject of rotary dynamometers was in existence at that 
date, it may always be looked upon as a very ingenious 
design. It consists of a bed-plate and two A frames, 
parallel shafts A B and CD, connected by a 
l4in. in diameter 
and lin. wide. The first of these shafts A B is supported 
in el ings in the usual way, carries at one 
end a flywheel E, 3 ft. 10 in. in diameter, with a handle at 
16in. radius, for working it by manual power. The second 
sad to permit the’ hath tertnaline alightis epeande of a 
permi 8 8 u at the 

other end. When the i i ye! 
rests in the bottom of a slot C in the A frame, arranged to 
circle round the centre of the shaft 
AB. yy eee ; 
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encirelin or knif i 
the middle, to permit the shaft to rise in the slot C, as 


above described. ‘ 

To the face of the weight L a counter N is attached. 
This is hinged at one , with a spring behind it at the 
other, so as to press an integrating di contained in it 
against the face of a driving disc O, which is driven by a 
train of wheelwork P P from the shaft AB. This wheel- 
work can be disconnected at pleasure by the clutch and 
handle Q, and it also drives a counter R, for registering 
the number of revolutions in a given time. The counter- 
weight L, on the lever F L, must be adjusted lengthways, 
so as just to balance the lever and everything upon it about 
its bearing K on the shaft AB. This includes such pro- 
portion of the weight of the shaft CD, and the toothed 
wheel V upon it, as would naturally be supported at H. To 
be accurate, half of the weight of the driving belt should 
at the same time be suspended from the driving pulley M, 
as that also must be ced. 

The counter N is then shifted longitudinally on the face 
of the weight, till the integrating dise N is exactly opposite 
the centre of the disc O, when the lever is at the right 
height. ‘The screw above the spring balance F must then 
be adjusted, till the oo ing di is exactly at the right 
height. The spring ce should now s at zero on 
its scale, otherwise the balance of the lever must be further 
corrected with small weights suspended in suitable posi- 
tions ; the instrument is then in correct adjustment. Any 
machine to be tested is brought up,'and a belt applied to the 
pulley M, so that the two sides of it will leave it in an 
average horizontal direction. If materially inclined, the 
true balance is disturbed by the vertical component of the 
pull of the belt. 

The instrument is usually worked by two men, at nearly 
uniform speeds, regulated by the vibration of an adjustable 

ulum 33 suspended to theframe. The instrument being 
in true adjustment, the foot-pounds of work done in any 
revolution is manifestly equal to the pull in pounds upon 
the spring balance F, multiplied by the circumference in 
feet of the circle, whose radius is F K. This can be equated 
to the index recorded by the integrating counter N, multi- 
ied by a constant C, which can be determi inversely 
ey pressing the lever upwards till the Salter’s spring balance 
records a certain strain, and then noting the in tion 
recorded by the counter N in a given number of revolutions, 
as per the revolution counter R. 
Then if W=strain on spring balance. 
r=the radius F K. 
n=revolutions of integrating counter. 
N=revolutions of hand wheel as per revolution 
counter. 
The foot-pounds of work done— 
Nx2%rx W=Cn. 
‘c= 2rxNx WwW, 


n 
If the instrument is not in perfect adjustment when 
tested, and suecessive readings with different loads on the 
spring are not exactly proportional to those loads, in con- 
sequence of there having been some initial strain or slack- 
ness at F when the s dise was at zero on the large one, 
it will generally be found that the readings can be made 
proportional to one another, by adding to or subtracting 
from each reading the product of a constant K into the 
revolutions N. The way of dealing with this sort of cor- 
rection was fully trea of in the previous description of 
the plough dynamometer. The result is that in all sub- 
sequent calculations (n ++ K N) must be substituted for n. 
Then the foot-pounds of work done =C (n + K N) 
and C= 2arx Nxw 


n+KN 

The actual instrument under review was proportioned 
to give as nearly as possible the actual foot-pounds of work 
done in the figures on the integrating counter, so as to 
avoid all subsequent calculations, and C then becomes=1. 
The last time it was tested with three successive loads it 
gave C=1, K= +17, so that in the subsequent trials, the 
toot-pounds of work done was determined to be=n+17 N. A 
little more care in previous adjustment might have reduced 
K to 0, then the foot- of work would have equalled 
n. The principle of this instrument appears to the writer 
to be good, and well worthy of consideration in designing 
rotary dynamometers of larger power. In many details 
however there is room for im ment, the greatest diffi- 
culty in the use of it being the accurate balancing of the 
lever and adjustment of the integrating disc. It should 
further be remarked that the small disc does not move 
exactly radially across the face of the large disc O, but ina 
partial circle, having its centre at A. The slightest trans- 
verse twisting 6f the lever and counterweight L, or slack- 
ness of the counter in its hinges, is liable to move the 
integrating dise N on the face of the large disc O, thus falsi- 
fying all tests and subsequent trials. It \hould further 
be remarked also that the range of travel o1 the small on 
the large disc with average loads is very small. 

Large Rotary Dynamometers.—The Society possesses 
two of these machines. The only is described in 
this paper, and is proportioned for working to a maximum 
of 20 horse power at 120 revolutions minute for testing 
thrashing and other machines worked by ordinary portable 
engines. ‘The second instrument is similar in principle but 
larger, being capable of working up to 50 horse power. It 
was made specially for testing roundabout ploughing tackle 
in 1864. 

Successive editions of the 20 horse power dynamometer 
appear - have been made a 1854, and 1860, for 
testing thrashing machines, being an improvement on 
the ing instrument; The last named is the only one 
now existing. Itis shown in the diagrams, and consists 





either by a belt on thi 
shaft E on one end 
trial is driven by a belt 


loose upon the shaft is co 


series of springs, which > t 
by B. 


A, the angles moved 
effective strain transmitted 
m .. By Sects 2 i hes ne 
ey B pro ine 0} 

nearly touches the edge of x while from the inside of the 
rim of A two flat plates F F at opposite sides project into 
the pulley B. To the boss of B and its elongation, four 
curved springs, shaped like short watch springs, and each 
2 in. wide by f°, in. thick, are attached as shown. Two of 
these, GG, near the centre arms of B wind outwards in one 
direction, and are attached to the pulley A at its rim by 
means of the arms F F above referred to. The other two 
springs H H, on the prolongation of the boss of B, wind 
—— exactl hw 0 7 ye pe and a attached 
direct to the rim of A. e object ing the springs 
in opposite directions is to neutralise the effects of centri- 
fugal force upon them, the earlier instruments with springs 
in one direction a having given much trouble from that 
cause ; it also has the effect probably of ing the angles 
of twist between the pulleys vary more tly with the 
movement of the twisting couple between them. 

The pulley B is retained accurately in one position end- 
ways on the shaft by a collar on one side and the boss of A 
on the other. On the boss of B, facing the 
very short piece of a coarse-pitched double-threaded brass 
screw K is pinned, and these threads bear against a s 
crosshead L, which is passed through a slot in the shaft, 
and has its ends bevelled off to partial screw threads, so as 
to fit on thescrew K. The slot through the shaft referred 
to extends nearly to the bearing C, thus giving the cross- 
head L freedom to slide along it in the direction of the 
bearing. From its end at M to the said slot the shaft is 
bored out, and a small rod or shaft N passes up this bore, 
and is screwed to the crosshead L. A light spiral spri 
encircles this rod in the bore, and presses the crosshead 
lightly against the screw K, the resistance at its other end 
being produced by the screwed bush at M. 

The rod N is prolonged beyond the end of the main shaft, 
to work the slide O of a counter and disc integrating appa- 
ratus. The slide works in V grooves, and contains in itself 
an integrating disc P, supPorted on brackets projectin 
from the side, with its integrating counter Q, and a penci 
for recording diagrams on a paper cylinder R. The large 
disc 8S, the revolution counter ‘I, and the paper cylinder 
turning are driven by means of a small spur pinion 
contained on the nut, which is screwed into the main shaft 
at M. This pinion gears into a wheel on the counter, and 
thence the various motions are re by bevel and other 
wheels, with a disconnecting clutch V for stopping and 
starting the recording apparatus at pleasure. 

Inasmuch as the angle moved through by the loose pulley 
B, relatively to the fixed one, varies nearly as the load on 
the springs, the travel of the crosshead L and slide O, being 
worked longitudinally by uniform screw threads, must v: 
inthe same ratios. It follows from this that the motion of 
the pencil on the paper cylinder, and the radius of contact 
of the integrating disc P on the large disc S, will also vary 
uniformly with the twisting moment, if they are adjusted 
to their respective zeros when the springs are unloaded and 
Pee Ree nacneniinaty 

e work done in foot-pounds can consequently re- 
sented as the product of a constant C into the » Mane aa 
recorded by the in’ ting counter, in the same way as in 
the plough and hand rotary dynamometers described above, 
the integrating <p now under review being on exactly 
the same principle as theirs. 

Let n = revolutions of integrating disc as recorded by 

its counter. 

Then foot pounds of work done in any experiment = 


Cxn 
The constant C is usually determined by securing the 
shaft and fixed pulley A, and loading the fixed pulley B with 
a known weight W, suspended on one side by a small cord 
wound round its rim and attached elsewhere, the discs and 
other parts having been previously adjusted accurately. 
Then clutch Vibeing i , the registering appa- 
ratus is turned round by hand till any number of revolu- 
tions of the dynamometer is recorded by the counter T. 
Let r = such revolutions of dynamometer. 
s = circumference of pulley in feet. 
W = weight applied to its edge. 
n = index recorded by integrating counter when r 


is taken. 
Then the foot-pounds of work may be represented by the 
expressions 


rXsxW=Cxn 
Therefore 


c= xsxW 


The test should be repeated with i d loads, and 
should be applied at different parts of the circumference of 
B, to eliminate errors arising from lack of balance of the 
ulley B, and to determine whether any material correction 





,» a8 in the plough dynamometer, must be taken into ac- | th 


count, in consequence of imperfect adjustment at starting. 
The constant C of these springs now in use, when last de- 
termined, was almost exactly 50,000, and no correction K 
was necessary. For the maximum twisting moments which 
this dynamometer is of transmitting annular rings 
are put on to the pulleys A and B, to i 
diameters to 4 ft. 6 in. 

The chief difference in design of the 50 horse power 


the edge of its rim, which | and he has 


bearing C, a | ing 
mall | structor Poncelet. 
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fo well-desi instrument 
of this kind used “| M. Prony at the Ecole Polytechnique in 
Paris at the end of the last century. At the nt time 
Messrs. Salter, of Westbromwich, mak: ieti 
this simple instrument. The friction brake in its original 
shape is attributed to M. Prony, but it was very much im- 
proved by the late Mr. Appold, by the introduction of a 
differential adjustment very similar to that now in use as 
described above, his first application of this addition being 
to a — ny prison or. = See some 
years before the Roy — ti iety began to test 
steam engines. This brake was also pone with great 
success to telegraph cable laying machinery. General 
Morin is the highest authority who has written on the sub- 
ject of integrating traction and rotary dynamometers. In 
a jpaper dated 1841, “‘Sur divers Appareils ge opm 
triques,”’ he describes several dynamometers with the inte- 
grating disc arrangement adopted in later years in the 
Society’s instrument above described, and also Ernst’s plani- 
meter, an arrangement of a discrunning ona cone, for effect- 
ing a similar obj At the end of his paper he attributes 
most of the designs described by him to his friend and in- 
Mr. Froude has enriched the B - 
ings of this Institution with his original paper on dynamo- 
meters in 1858. 

All the Society’s instruments excepting the spring links 
have been made by the firm of Easton and Amos, now 
Eastons and Anderson, who, since the year 1848, have been 
consulting engineers to the Royal Agricultural Sosiety, and 
custodians of its apparatus. The arrangement of the 
older instruments was the work of Mr. C. E. Amos, while 
the merit of some of the most ingenious contrivances must 
be shared between him and the late Mr. Appold, whose rare 
inventive genius left its mark on everything hetouched. A 
very 7 ss weenie be the Beclety’ ses ten = < 
springs was e recently by the ’s engineers for the 
Indian State Railways. 








McCARTER’S CONDENSER. 
On McCarter’s Condenser without Air Pump for Steam 
Engines.* 
By Mr. Francis Preston, of Huddersfield. 

THE air pump and condenser combined, in 1765, by either 
James Watt or Gainsborough, and successfully introduced 
by James Watt, have undergone v little modification 
since they first left his workshop. “The few alterations 
that have been introduced have in no essential altered the 
— or general arrangement. Many attempts, with 
varied success, have been made to in uce a condenser 


ary | without an air pump. The writer believes there has been 


no successful application of a condenser without the aid of 
an air pump, and capable of lifting its own injection water, 
previous to the one now forming the subject of this paper. 
The late John McCarter, of Londonderry, was the in- 
ventor of the condenser that forms the special subject of 
the present paper, and he made further improvements in 
subsequent years for perfecting his original invention. 
Unfortunately he has not lived to reap the merited reward 
of his beautiful and simple Seention, het ing died last year 
just at the time when his invention was beginning to be 
practically appreciated. McCarter’s invention takes as a 
basis the <olleny condenser ‘and adheres pretty much to . 
the present i proportion, admitting the exhaust 
steam and the injection water in the usual way. To dis- 
peuse with the air pump is the object he had in view, and 
to substitute a simpler and less costly mode of discharging 
the water and air that continually accumulates in the con- 
denser when at work, and at the same time be enabled to 
place the condenser in any position and elevation with re- 
spect to the cylinder that is found most convenient. This 
condenser draws its own injection water from any depth as 
in the ordinary condenser, and, being enabled to work at 
any elevation, it can be so as to allow the waste 
water to flow back again to any desired level. The con- 
denser is provided with a small auxiliary condenser placed 
at the bottom of the ordinary or condenser proper. This 
is worked separately and independently, end is connected 
with the ordinary condenser by two intermediate india- 
rubber foot valves. These two intermediate india-rubber 
foot valves are worked by means of forming a vacuum in 
the auxiliary condenser by introducing a separate jet of 
steam and water, supplied alternately by independent me- 
chanical means, thereby alternately creating and destroy- 
ing a vacuum, about five times per minute. The act of 
making this vacuum enables the two intermediate valves to 
open, forming a connexion with the condenser proper, 
thereby allowing the accumulated water to flow into the 
auxiliary condenser, and the destroying the vacuum by a 
jet of steam admitted into the auxili condenser causes 
the two intermediate india-rubber valves to close, and at 
same moment opens the delivery valve in the hot-well, 
thereby di ing the hot water and air, which flow away 
in the ordinary manner. This jet of steam is diminished 
in pressure by a diminishing valve placed near the boiler, 
so as to give the jet of steam at an average of 31b. to 4 lb. 
pressure above atmosphere when entering the auxiliary 


_* Paper read before the Institution of Mechanical En- 
gineers. 
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condenser. McCarter’s condenser draws its own injection 
water in the same way as an ordi ; there 
are some at work su y lifting their own water 22 ft. 
to 24 ft. vertically. 

These condensers have now been successfully at work up- 
wards of three years in conjunction with engines from 12 in. 
cylinders to 37 in. cylinders, and they are giving great 
satisfaction, effecting a considerable saving in coal, besides 


ving much steadier motion to machinery, ca’ by 
fhe regularity of the working of the condenser, without the 
great strain being put upon the engine through the ordi- 


nary air pump at every revolution of the . The 
power eh an | to work the tappet shaft is hevdiy worth a 
consideration ; and this shaft can be either worked di 
from any convenient part of the engine, or may be 
worked from any countershaft or other independent motive 
power. 

As an illustration of the successful application of these 
condensers the writer would mention the first condenser 
introduced in Yorkshire, and which was applied to a com- 
pound horizontal engine, with a condensing cylinder 20 in. 
in diameter. This application was introduced in order to 
make the power previously absorbed in working the air 
pump available for driving the engines three strokes per 
minute faster, with the same machinery thereon, and with- 
out any especial reference toeconomy. The result was stated 
by the proprietors of the mill to be that the engines have 
done more work in the mill than in any other month, with 
a regular speed and with greater ease, besides saving fuel 
in money value amounting to 33 per cent. 

Another case to which the writer wishes to make refer- 
ence is one of these condensers recently fixed at the Travis 
Brook Mills, Stockport, which case illustrates the great 
utility of this condenser in all modern engines of quick 
ns This engine was also a compound engine of recent 
build, having a condensing cylinder 31} in. in diameter, to 
which was first applied a double-acting vertical air pump ; 
and afterwards, when the effect upon the engine at the 
completion of its stroke was thought to en r the safety 
of the engine, a single acting air pump was substituted, the 
effect of which was found to be still worse than the double- 
acting pump first applied. About six weeks a McCarter 
condenser was attached to these engines in lieu of the air 
pumps, and the improvement in the working of the engines 
1s stated to be very great, every appearance of uneasiness 
previously experienced by the loud report at each descent 
of the piston Cosine wholly disap; , also giving steadier 
driving to the machinery. This proves what in the writer’s 
— will be found in future quite practicable, namely, 
that with this condenser condensing engines may be worked 
at the highest speeds at which non-condensing engines now 
work or may hereafter be made to work, thus securing the 
additional advantage of a vacuum to that of the highest 
— without the slightest difficulty ; and if so, it must 

ways give to the condensing engine the advantage over 
non-condensing engines in obtaining the greatest amount 
of duty with the smallest size of cylinder, with a given 
pressure of steam, besides the advantage in point of 
economy due to a condensing as compared with a non-con- 
densing engine. This advantage is obtained without any 
perceptible increase of friction, or of complication in the 
construction of the engine. 

In reference to this part of the subject, attention is drawn 
to the great resistance of an air pump, causing the difficulty 
engineers frequently experience in balancing engines, so as 
to avoid the irregularity of motion due to the air pump, a 
difficulty admitted generally to beso great in the single- 
crank horizontal engine as to render it almost impossible to 
avoid its effect being plainly indicated at each revolution of 
the engine upon the slide of the governor. Take for ex- 
ample a 22 in. single-action air pump, working at half the 
stroke of the engine, which is about the usual proportion 
for a 34in. cylinder engine nominally of 40 horse power ; 
then with an ordinary vacuum of 12} lb. in condenser there 
would be, at the moment of discharging the hot water, over 
2 tons of atmospheric resistance, in addition to the weight 
of water lifted at each half stroke of the engine and the 
friction of the pump with its members. And then it is to 
be remembered that this resistance does not take place at 
each stroke, but at every alternate stroke, and at only one 
part of such alternate stroke, and that part being towards 
the termination of the stroke, consequently at a time when, 
generally, there is not sufficient steam in the cylinder to 
overcome the friction alone of the engine, in addition to the 
great resistance of atmospheric pressure upon the air pump ; 
with these conditions the difficulty of effecting a uniform 
motion in the engine is not surprising. 

Another application of this condenser is one recently made 
to a new engine by the Catterall Paper oy , Catterall, 
near Preston, who, — the water to at a higher 
level than the level at which their supply is obtained 
for manufacturing purposes, have fixed the condenser above 
the engine for the purpose of drawing the water from the 
low level and delivering the same at a much higher level, 
thus answering the two purposes combined, namely, that of 
a condenser and also that of a lifting pump, by which means 
the water will be raised to the required level without any 

mditure whatever of either power orjfuel. It may also be 
added that this condenser is well adapted where one con- 
denser is required for a number of small engines to exhaust 
into, such as are used in driving calico printing machines, 
where there may be several small engines in one room. 
For this purpose a McCarter condenser is now being applied 
to Messrs. Dewhurst’s Aspley Print Works, where six small 
high-pressure engines are being made to condense into one 
condenser. 

For colliery winding engines the writer believes this con- 
denser will be of the greatest advantage, enabling them to 
work upon the condensing instead of the non-condensing 
principle, as at present in generaluse. The principle reason 


why winding engines are not made co engines is 
that with the air pump the ine would not form its 
vacuum until after the engine been set to work for some 








short time, and meanwhile would require to work non-con- 
ing. With the McCarter condenser this is obviated 
wa ing the two ta; = ommnate ty see a > 
small donkey engine. arrangement a vacuum in 
the condenser would be po rn 9d aoe os when be 
engines were stopped, uently there wo 
times a vacuum ready tor -aheas ing into the 
moment the winding commenced. The ex of J. 
Hargreave, of Burnley, are now applying this plan of con- 
d toa pair of 28-in. cylinder winding engines at Bank 
Hall Colliery, the firm having already had experience in 
the working of the McCarter condenser for large pumping 
engines at several of their collieries, where they are giving 


direct | most satisfactory results. 


The introduction of a separate motive power for working 
the condenser so as always to have a vacuum ready for the 
starting of the engines is due to Mr. Waddi m, the 

of the extensive collieries belonging to the above- 
sonal firm, who has successfully applied a small donkey 
engine with 3 in. cylinder to work the ‘tappet shaft of the 
condenser recently applied to a pair of 25-in. cylinder pum 
ing engines, and he is now also applying the same principle 
to a McCarter condenser which is being made for a pair of 
their 28-in. cylinder winding engines. 

The following are the partic of a recent calculation 
made by Mr. James Wood, engineer, of Burnley, in which 
a comparison is made as to the relative volumes of steam 
openiet in the working of an ordinary air pump and the 
McCarter condenser, in an engine at Messrs. Crossley and 
Sons’ Albion Mills, Halifax, diagrams from which were 
taken in July last year. The engine is a horizontal com- 
pound ; high-pressure cylinder, 14} in. in diameter, stroke 
4 ft. ; lew-pressure cylinder, 34in. in diameter, stroke 4 ft. ; 
revolutions 65 per minute; indicated horse power 216. 
The boiler supplying the engine is multitubular, having a 
total heating surface of 840 square feet, and firegrate area 
of 36 square feet. 

The following results supplying the data for the calcula- 
tion were obtained from a nine hours’ trial : 

Mean pressure in boiler, 67 lb. 

Mean vacuum in engine, 13 lb. 

Mean temperature of injection water, 78 deg. 

Mean temperature of water from condenser, 104 deg. 

Water discharged per minute from con- 

denser over tumbling bay, being a mean > —2215.94 Ib. 
of 35 observations 

Temperature of feed water, 200 he 

Water evaporated per pound of » 9.012 lb. 

Water evaporated per minute=68 Ib. 

la per indicated horse power per hour= 

Quality, Oaks nut slack. . 

In the absence of actual measurement, Mr. Wood as- 
sumes the vertical single-acting air pump, working at half 
stroke of cylinder, namely 2ft., to be 22in. in diameter 
which is a common proportion ; and that the power absorbed 
by the air pump is equivalent to the sum of 

1. The friction. 

2. The atmospheric resistance. 

3. The weight of water lifted. 

Firstly.—For calculating the friction he assumes it to be 
about the same as though the pump was lifting the whole 
capacity due to the whole stroke, as the bucket passes 
through the whole stroke when working. Healso assumes 
the modulus to be the same as an ordinary lifting pump, 
namely, two-thirds or 0.66, as the ratio of the work done to 
the horse power consumed. Then 380 square inches (area 
of bucket) x 12} lb. (net atmospheric resistance) x 65 revolu- 
tions x 2 ft. stroke—-33,000=18.7 horse power due to atmo- 
spheric resistance. 

Secondly.—In calculating the atmospheric resistance he 
takes it during the discharge of the water into hot-well only, 
and taking the vacuum to be 12} Ib. instead of 13 Ib. (which 
is more general perhaps), the resistance would be 124 lb. per 
— inch of bucket area a the total lift of a column 
of 13 ft. of water per minute. Thus, 2215 lb. total amount 
of water per minute lifted—65 revolutions of engine or 
strokes of pump X 274 cubic inches of water per pound--380 
area of 22 in. bucket=2.42in. depth of water on bucket 
lifted at each stroke. Therefore 2.42 in.x65 strokes= 
157.3in. or 13 ft. lin. column lifted per minute, as stated. 
Then 380 square inch area of bucket x124lb. of net resis- 
tance per squarefinch x 13.1 ft. of column lifted per minute+ 
33,000=1.88 indicated horse power due to atmospheric re- 
sistance only. 

Thirdly.—The weight of water lifted=2215 Ib per minute, 
and assuming the height from bottom of condenser to dis- 
— pipe in hot-well due to a 2ft. stroke of pump to 
equal, say 3ft., then 2215 lb. x3 ft. +-33,000=0.20 indicated 
horse power due to lifting the water. 

Again, 380 square inches area X 24 in. stroke x 65 strokes + 
274 cubic inches per pound of water x 2 ft. (being a mean of 
half a 2ft. stroke +1ft. constant head)+33,000=1.3 horse 
power due to water lifted. 18.7 horse power+1.3 horse 
power=20.0 horse power-+-0.66=30 horse power consumed, 
the difference of 20 from 30 being friction only, namely, 
10 horse power, or by adding the actual atmospheric re- 
sistance (as when lifting with only 2.4 in. depth of water on 
bucket, viz., 1.88 horse power to the actual power of 0.20 
horse power in lifting such water, then 2.08—0.66—2.08= 
1.07 horse power due to friction alone, provided the pump 
was no more than of sufficient capacity to lift the said 2.4 in. 
depth of water ; but 2.4 is supposed only to be one-tenth 
the actual capacity of pump, consequently the friction pro- 
portionately increased would be 1.07 x 10=10.7 horse power 
for the friction due to the size of air pump, or about the 
same as before stated. 


Therefore 10.00 horse power friction 
1.88 a atmospheric resistance 
0.20 bs weight of water lifted 
absorbed in working the air 
Total 12.08 ,, _ { Sbenbet 


Now 216 indicated horse power, of which this 12 horse 
in wo. the ee a part, was found to 


power 
68.09 lb. of , evaporated at 67 lb. pressure, 
therefore wi 5 pomreten 3.78 Tb of water 


therefore 12.00 horse power 
"Steam at 67 1b. 15 Ib.=821b. total 
ai * + = \s pressure 
contains a total heat of 1209.7 deg., which x 3.78=4572 lb. 
-, and this according to the above calculation is 
amount of steam consumed in working the air pump. 

The expenditure of steam in working the McCarter con- 
denser is that consumed in the lower ber or auxiliary 
condenser. This chamber requires to be of sufficient size 
to contain the amount of water and air disc! at each 
revolution of the tappet. In case the amount 
of water ing through the ald be the same 
as with the air pump, less the proportion due to the reduced 
load of 12 horse power in having no air pump to drive. 
Also, there would be the water passing through the tappet 
valve, together with any air entering the condenser pre- 
vious to each discharge which this chamber would require 
to hold. The total water passing th h the condenser 
with the air pump to work, the <a ving 216 horse 
power to drive, was found to be 2215.9 lb. per minute, after 
this proportion there would be 1231b. per minute less water 
passing through if the 12 horse power absorbed by the air 
pump were taken off, leaving 2092.91b. per minute as the 
actual amount of water passing through the upper con- 
denser into the lower chamber ; add to this 35 1b. per minute 
of water entering through the tappet valve (which. will 
afterwards be shown to be sufficient), the total is 9X 
35=2128 lb. per minute, being 881b., or 2420 cubic inches less 
per minute than with theairpump. Taking this difference 
of 2420 cubic inches and applying the space for the accumu- 
lation of whatever air there y be, ogee then 2215.9 Ib. x 
274+-5=12,187 cubic inches for the size of the lower 
chamber. F : 

The pressure of steam admitted into this chamber is 
3 lb. per in. above atmospheric pressure, and the chamber 
is charged with this pressure five times per minute. This 
steam at 3 lb. above atmospheric pressure, or 18 lb. per 
inch total pressure, possesses a total heat of 1181.8 deg. and 
a volume of 1410 that of water. Therefore 12,187 cubic inches 
size of ¢ by five revolutions or chargings of steam 
per minute+-1410 volumes of steam at 18 lb. total pressure 
+27.5 cubic inches per d of waterx 1181.8 deg. total 
heat=1855 lb. deg. of heat in the steam with which the 
lower chamber is charged after discharging the water 
during each minute. 

Again, the steam expended in e: ing the water against 
atmospheric resistance, namely, 2215.9 lb. x 27.5=60,937 


cubic inches — 15 Ib. per inch pressure. 

Assuming, therefore, that 60,937 cubic inches of steam at 
15 lb. pressure has been required to perform this work, 
there |is 60,987 cubic inches of steam--1669 volumes of 
steam at 15 lb. as compared with the water--27.5 cubic 
inches pound of water 1178.9 deg. total heat in steam 
at 15 lb. pressure=1556 Ib. deg. of heat consumed per 
minute in expelling the water. — 

Now, 1855+ 1556=3411 total pounds deg. of heat con- 
sumed in working the McCarter condenser, or 4572—3411 
=a difference of 1161 lb. deg. of heat in favour of the con- 
denser, or 25 per cent. 

Mr. Wood concludes by saying that this comparison of 
25 per cent. in favour of the arter condenser must not 
be considered as showing the whole economical advantage 
there exists over the ordinary air pump, and he says it must 
be borne in mind that in the foregoing calculation the com- 
po has been made with an engine whose expenditure of 

eat per indicated horse power is represented by almost the 
lowest consumption of coal per horse obtainable at the 
present day, namely, 2 Ib. per horse power per hour ; that 
if the comparison had been with an engine consuming heat 
as represented by a consumption of 4 lb. of coal per indi- 
cated horse power per hour (which is poms f more nearly an 
average —— the comparison would have been much 
more striking. It ought also to be borne in mind, in the ab- 
sence of ing a modulus of the friction actually due to 
anair pump working from two to three times the speed of an 
ordinary lifting pump, the modulus employed in the calcu- 
lation has been that of the latter, and consequently the 
friction assumed must necessarily be much below what is 
pe oy Ber to the excessive speed of an air pump. This 
is also testified by some firms who have taken out air pumps 
and substituted for them the McCarter condensers that 
were proportioned to the load upon the engine. It is only 
right to remark that in cases where makers have fixed con- 
densers with the lower chamber more than twice the proper 
size, the consumption of coal as compared with the air 
pump has been somewhat disappointing, but this excess is 
obviated when correct proportions of the auxiliary con- 
denser and condenser proper are maintained, but this 
need not be any matter for surprise. 

It should be pointed out that in all cases where this con- 
denser is placed above the level of the engine cylinder, a 
small air valve is fixed inside the condenser, and works 
precisely the same as a ball tap, so that it is impossible 
under any circumstances for water to rise inside the con- 
denser beyond a certain level, inasmuch as the water then 
lifts the valve, and, admitting the air, destroys the vacuum. 





Sunz Canat Drepaine.—Less dredging work was re- 
quired at ort Said last year than in 1874. The quantity of 
stuff dredged out of the great Ismail Basin at Port Said in 1875 
amounted to 190,000 cubic metres ; the removal of this stuff 
secured the basin its maximum depth throughout. ‘The 
maintenance of the sidings and bed of the canal last year 
involved the dredging of 721,000 cubic metres. The quantity 
of stuff removed.in 1875 between the two seas only amounted 
to 52,700 cubic metres. The quantity of stone used during 





the year in facing to 24,500 cubic metres. 
ee et ee ee ne steamers 
drawing nearly 27 ft.'water and 430 ft in length. 
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A CENTURY OF. MINING AND METAL- 
LURGY IN THE:’UNITED STATES. 


Centennial Address of Hon. Apram 8. Huwrrt, Presi- 
dent Elect of the American Institute of Mining 
Engineers, Philadelphia, June 20, 1876. 

(Continued from page 34.) 

Tue Indians in ing the Mississippi V: before the 
advent of the whiten probe the metal- 
lurgy of lead. Galena has been found in the Western 
poe A , said no lead. = pee 1701, Pere Le 

eur le his famous voyage up ississippi, discover- 
ing, as he claimed, lead mines. Leal! aiutag was 
begun in Missouri in 1720, while that be! to 

France, and under the patent granted to Law’s famous 

Mississippi Company. ine Ja Motte, named after a mine- 

ralogist who came over with Renault, the superintendent, 

was one of the first discoveries. It has been in operation 
at intervals ever since, and is now successfully managed by 

Mr. Cogswell, a member of our Institute, who may, I think, 

truthfully claim that he has ¢ of the oldest mining 

enterprise still active in the United States. The ores yield 

a small percentage of nickel and cobalt as well as lead. 

It was in 1788 that Dubuque obtained from the Indians 
the grant under which he mined until the year of his death, 
where the city now stands which bears his name. The land 
was subsequently ceded to the United States by the In- 
dians, and the representatives of Dubuque were forcibly 
ej 

Such, then, was the condition of our mining industry at 
the commencement of our national existence. @ ocenpied 
but a strip of territory on the Atlantic; and even in that 
limited area we had ly learned the nature and extent 
of the mineral resources to be utilised. Anthracite and 
petroleum, quicksilver and zinc, were unknown as treasures 
within our reach. The ~¥ extension of possession, 
government, population, and industry over plains and 
mountains to the Pacific, which has been effected in a hun- 
dred years, is but the type of a conquest and progress which 
has advanced with equal rapidity in every department of 
human labour, and nowhere more notably than in the de- 
+ — of mining and metallurgy. The tables which 

. Raymond has prepared, and which will be printed to 
accompany these remarks, show that this country has pro- 
duced, during the century ending with 1875, of gold about 
66,680,000 troy ounces, worth about 1,332,700, dols. ; 
of silver, about 201,300,000 troy ounces, worth about 
261,450,000 dols. ; of quicksilver, 840,000 flasks or 64,206,000 
pounds avoirdupois; of copper, 200,000 tons; of lead, 
855,000 tons; of pig iron, 40,000,000 tons; of anthracite 
coal, 351,521,423 tons (the ton in all these cases being 
2240 pee avoirdupois); and of petroleum, 76,594,600 
barrels. The product of these leading industries for the 
year 1875 were: gold, 33,400,000 dols. ; silver, 41,400,000 
dols. ; quicksilver, 53,706 flasks ; copper, 15,625 tons ; lead, 
58,000 tons ; pig iron, 2,108,554 tons ; zine, about 15,000 
tons; anthracite, 20,643,509 tons; bituminous coal, about 
26,000 tons ; petroleum, 8,787,506 barrels. 

In order that a clear idea may be formed as to the rela- 
tive position now held by the United States in the world 
of mining and metallurgy, I have selected the production of 
coal, whieh is the main reliance for power of all organised 
industry, and of iron, which is the chief agent of civilisa- 
tion, as the basis of comparison with other nations, using 
so far as coal is concerned, the given in the 42nd 


Annual Report of the Philadelphia of Trade for the 
year 1873:* 
Tons. Per cent 
Great Britain 127,016,747 46.4 
United States 50,512,000 18.4 
Germany... 45,335,741 16.5 
France 17,400,000 6.4 
Belgium ... ; 17,000, 6.2 
Austria and Hungary ... .. 11,000,000 4.0 
Russia... 1,200,000 0.5 
Spain... tse 570,000 0.2 
Portugal... dei ih 18,000 _ 
Nova Scotia. 1,051,567 0.4 
Australia 1,000,000 0.4 
India... ad 500,000 0.2 
Other countries 1,000,000 0.4 


Total etd wi 273,704,055 100.0 
The following estimate, in round numbers, of the world’s 
present production of iron is taken from various sources, 
and may be considered approximately correct. The figures 
for Great Britain and ce are those of 1874, the 
product of the United States for the same year has been 
taken. For other countries, the estimates are principall 
for 1871 or 1872, except Austria and Hungary, for whic 
the official returns for 1873 have been taken. 
The quantities are given in tons of 2240 Ib. 





Per cent. 
Great Britain «» 5,991,000 45.2 
United States 2,401,000 18.1 
Germany 1,600,000 12.1 
France 1,368,000 10.3 
Belgium : 570,000 4.3 
Austria and Hungary 365,000 2.7 
Russia iw ao 360,000 2.7 
Sweden and Norway 306,000 2.3 
Bale sf cimersy on 78,000 0.5 
Spain Pe 73,000 0.5 
Switzerland 7,000 _ 
Canada os 20,000 0.2 
South America 50,000 0.4 
Japan eve =" = 9,000 0.1 

*I wish to acknowledge, for these and other figures re- 

fey Bae ame gy ached Se Pa tt set eae 

placed at my disposal very extensive 
elaborate com of statistics which are to form the 
ustive paper by experienced hand on 


basis of an 
that subject. 


_ Per cent. 
ia... 5, "eg set 40,000 0.3. 
Pie ora aheletl AED nage 
Australia .. sos ry on 10,000 01 
: 13,260,000 100.0 
An examination of these tables will serve to show that in 
the products which measure the man ing i try of 
nations, Great Britain stands first and the United States 
second on the roll, and that there is # clear and almost 


between the prod: 
duct of iron. The United States now produces as much 
Pe eee Ee 
thus gaining steadily and surely upon our rogenitor, 
and in the nature of things, as the population of ‘this country 
ws, must, before another century rolls around, pass far 
yond her possible limits of production, and become the 
first on the international list, because we-have the greatest 
geographical extent, and our natural resources are upon so 
vast a scale that all the coal area of all the rest of the world 
would only occupy one-fourth of the space in which, within 
our borders, are stored up the reserves of future power. 

Ina hundred years we have thus reached a point at which, 
for coal, iron, gold, silver, copper, lead, zine, we are, 
independent of the world, with abundan ~~ supply 
as well our growing wants, as to these blessings of 
civilisation to other and less favoured lands, as soon as our 
labour and our legislation are adjusted to the conditions 
which will enable us to compete in foreign markets. One 
hundred years ago we proclaimed our political independence, 
and we maintained it by force of arms: we are now ina 
position to proclaim our industrial and commercial inde- 
pendence, and maintain it by the force of peaceful agencies 
against friendly competition. 

A striking view of this prosperous development is pre- 
sented by the magnificent mi collection under the c 
of Professor Blake, in the Government building at 
neighbouring Exposition—a collection which constitutes 
the first worthy National Musem of Mining and Metal- 


lurgy. 

‘Never was a century of free government celebrated under 
such favourable conditions ; never was free government so 
justified by the material results it has produced. But let 
us not conceal from ourselves the fact that mere growth in 
wealth, mere development in industry, mere increase in 
—- are not the best evidences of national greatness ; 
and unless our progress in art, learning, morals, and reli- 
gion keeps pace with our material growth, we have cause 
rather for humiliation than for glorification. 

‘*Whatsoever things are true, whatsoever things are 
honest, whatsoever things are just, whatsoever things 
are pure, whatsoever things are lovely, whatsoever things 
are of good report,’’ constitute the real glory of a nation, 


fuel is a great moraland esthetic benefactor... It 
a " specially 1 pce oy dng gy 
practicable without it—and in war no one:-will deny -its 
superiority who remembers how our cruisers, burning an 


production of anthracite is given with ; 

management will be See nudes anaihoe tnd along 
appro r m 

caren ppropria’ y 


4. The Use of Raw Bituminous Coal inthe Blast Fur 
nace.—This was introduced in 1845. 

_5. The De ment of the Copper. Mines of Lake Supe 
rior, 1845, and increasing slowly but steadily 
to 1862, when about 8000 tons of ingot copper were pro- 
duced ; then declining for some years, to recover in 1868 
and 1869 its lost ground, and since the latter .year, by 
reason of the great production of the Calumet and Hecla 
Mine, to attain an un ited yield. The tables of copper 
production for the United States, herewith given, show 
that our present product is not far from 16,000 tons, of 
which three-fourths must be credited to the Lake. Superior 
mines. 

6. The Discovery of Gold in California in 1848—or, 
rather, its re-discovery, since it previously been known 
to both the natives and the Jesuit missionaries, and also to 
hunters and trappers. The wonderful direct and indirect 
results of this event have been too often the theme of ora- 
tors, historians, and political economists to need a further 
description from me. Its direct result in the way of mining 
was the rapid exploration of the Western territories by 
eager prospectors, and the successive development of placer 
mines in nearly all of them. It is difficult to fix the dates 
of these beginnings; but we may assume with sufficient 
accuracy that gold mining practically began in Oregon in 
1852, in Arizona in 1858, in Colorado in 1859, in Idaho and 
Montana in 1860. With the completer exploration of the 
country and the decline of the placer mines, stampedes have 
ag less frequent and extensive than in the earlier days. 

here is scarcely any corner of the country left, except the 
Black Hills of Yakota, which has not been ransacked suffi- 
ciently to show whether it contains extensive and valuable 

lacer deposits ; and those districts which present accumu- 

tions of gold in such a way as to offer returns immediately 
to labour without capital have been already overrun. The 
principal reliance of our gold-mining industry for the future 
must be quartz and hydraulic or deep gravelmines. These 
may be expected to maintain for years to come their present 
rate of production, if not to increase it. In the table of 
gold production, herewith given, there is, it is true, a falling 
off of late years ; but this is to be attributed to the placer 


without which the magnificent material structure which in | mine’ 


a century we have reared, will disappear ‘‘ like the baseless 
fabric of a vision.’’ 

In a hundred years, as I have said, we have reached a 
point at which, for every one of the minerals and metals 
named, we are independent of the world, having the — 
city to supply our own growing domestic Seed. and also 
to export to foreign lands. 

It is not my purpose to trace in detail the steps by which 
this degree of progress has been achieved. The narration of 
successive events alone, without any discussion of lying 
causes and accompanying effects, would consume far more 
time than I could command. So far as the leading a 
of the history are concerned, I think they may be fairly 


_ | summed up in the following mere catalogue :— 


1. First of all must be named the erection in Philadelphia, 
in 1794, of the first steam engine in America. We cele- 
brate this year the centennial anniversary of a greater 
power than the United States of America—a wider revolu- 
tion than our War of Independence. It was in 1776 that 
James Watt presented to the world the perfected steam en- 
gine, all the improvements of which, since his day, are not 
to be compared with those which he devised upon the rude 
machines of his predecessors. In one hundred years, the 
steam engine has transformed the face of the world, and 
affected to its remotest corners the condition of the human 
race. Few changes have been so profound; not one in 
history has been so rapid and amazing. With reference to 
the special subject now under consideration, if I were asked 
what elements most to do with the swift progress of 
our country, I should answer, freedom and the steam en- 
gine. But deeper even than any organised declarations or 
outward forms of freedom lies the influence of the steam 
engine, which has been from the day of its birth, in spite of 
laws and dynasties and all accidents of history, the great 
emancipator of man 


2 Gold Mining in the South —Alre Jefferson, in his 
** Notes on Virginia,’’ mentioned t ing of a lump o 
a wts., near the et and 


gold, weighing 17 Rapps 

about the beginning of this century, the famous Cabarrus 
nugget, weighing 281b., was discovered at the Reed Mine, 
in North Carolizta. But the great gold excitement in the 
South followed the discoveries in Soentoen 1828 to 1830. 
The maximum of production (probably never more than 
600,000 dols. in ~ one year) was from 1828 to 1845, since 
which time it has declined to insigni , though a few 
enterprises, both in hydraulic and quartz mining, are now 
actively prosecuted. 

8. Opening of the Anthracite Coal Fields and the 
Use of Anthracite in the Blast Furnace—The first of these 
events poe dates from the year 1820, although some 
anthracite found its to market much earlier, and the 
genes Foams, Coo. pane 3 . The latter was followed by the 
development of the vast anthracite-iron industry, which has 
contributed so much to the prosperity of Pennsylvania. 
The connexion between anthracite and civilisation was long 
ago pointed out by Sir Charles Lyell in connexion with his 
visit to this country, when he observed in this State, and in 
this city where we now stand, the strange phenomenon 





of a vast manufacturing dwelling in neat houses, 
and able to keep themselves and their houses clean. i 





bexa yx the formation of 
whic 





s in California, 
This BP500,000 dols., and will 


S. j 
7. The Commencement, about 1851, of regular Mining 
Operations at the New Almaden Quicksilver Mine, in 
California.—The production of this metal in the United 
States has been thus far confined to the State of California, 
and it will be seen from the table of the production of the 
New Almaden Mine that it has always furnished a large, 
though of late a waning, proportion of the grand total for 
the country. 

8. The middle of the nineteenth century was crowded 
with important events in metallurgy and mining. It wasin 
1856 that Mr. Bessemer read his paper at the Cheltenham 
meeting of the British Association for the Advancement of 
Science, which inaugurated for both continents the age of 
steel. Within sixty days after that event, an experimental 
Bessemer converter was in i at the furnaces of 
Cooper and Hewitt, at Phillipsburg, N.J. But the experi- 
ment was not ied far enough to demonstrate the value 
of the newly proposed process, and it was left to the late 
John A. Griswold and his associates to introduce and per- 
fect this wonderful method in the United States. I speak 
more briefly on this point than its far-reaching importance 
deserves; but in the presence of onc whose acquaintance 
with it is so profound, and whose services in relation to it 
have been so brilliant as those of our honoured President 
Mr. Holley, and of so many gentlemen as I see before me 
who are worthily associated with him in its glorious history, 
I could afford to be silent altogether. 

9. The Commencement of the Hydraulic Mining Indus- 
try.—The position of the auriferous slates and quartz veins 
on the west flank of the Sierra, with the precipitous moun- 
tains behind them and the broad plain before, has favoured 
eep auriferous gravels, in 

California far ex any other known region. And 
the same topographical features furnish the two other prime 
requisites of hydraulic mining, namely, an abundant supply 
of water and a sufficient ie of descent to permit the use 
of flumes and the escape of tailings. These advantages the 
keen-witted miners of the Pacific Coast were quick to make 
available ;.and I think we may set down the invention of 
hydeaulic mining, which occurred I believe about 1853, as 
an epoch in the progress of American mining. It has given 
us an entirely new and original branch of the art, involving 
many ingenious hydrodynamic and hydrostatic contri- 
vances ; and it has inly made possible the exploitation 
of thousands upon thousands of acres of auriferous gravel 
which could not have been profitably handled in any other 
way. The mountain torrents of the Sierra, caught on their 
way to the Pacific, have been forced to pause and do the 
work of man. The same agencies that buried the gold 
among the clay and pebbles of the river beds, are now made 
to strip the covering from it and lay it bare again. The 
hydraulic mines produce at present not less than 10,000,000 
dols. or 12,000,000 dols. annually ; and many enterprises of 
this kind, which have been prosecuted through years of ex- 
pensive preparation, and are now just begi to touch 
their harvests of profit, will add henceforward to the pro- 
duct. I mention, as an illustration, the extensive 
operations of the North Bloomfield and its two allied com- 


which have expended in works 
have six deep tunnels, aggregating 
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over 20,000 feet, and canals supplying 100,000,000 gallons 
of water daily. 

10. We must turn for a moment to the East again, to note 
the commencement of iron mining at Lake Superior about 
the year 1856. The extraordinarily pure rich ores of 
the upper peninsula of Michigan now find their way, to the 
extent of a million of tons per annum, in fleets of vessels 
across the lakes to Cleveland, and are thence distributed to 
the furnaces of Ohio and Pennsylvania. The similarly 
a ores have built up in like manner their own 
market. 

11. The next great event in the history of American 
mining was the discovery in 1859 that the Comstock Lode 
was rich in silver. This opened an era of activity and spe- 
culation which has searcely ceased since that time. Single 
districts have been subjected to fluctuating experiences, 
passing from the first enthusiasm through all the stages of 

ope to reaction and despair ; but though the fortunes of 
each have risen: and fallen like the changing tide, it 
nearly always been high water somewhere. hus we have 
had a succession of favourites in the way of silver-mining 
districts, each one crowding its predecessor out of the public 
notice. Of these, the following list includes the most per- 
manently productive: In Nevada, the Unionville, Reese 


River, Belmont, White Pine, Eureka, Esmeralda, and | 


Pioche districts ; in California, the argentiferous district of 
Inyo County ; in Idaho, the Owyhee district ; in Utah, the 
Cottonwood and Bingham districts ; in Colorado, the silver 
districts of Clear Creek, Boulder, and Summit Counties, to 
which the latest favourite, the San Juan region, may 
added. I have named those localities in which mining in- 
dustry is still active and flourishing. - There is a | and 
a sadder list, the funereal effect of which I will not intrude 
upon this festive occasion. But it ought to be remarked, 
that the apparent failure and abandonment of many dis- 
tricts heretofore does not argue their lack of prospective 
value. It is, on the contrary, amazing that, under the ad- 
verse conditions surrounding the industry of mining in re- 
gions ‘‘ remote, unfriended, solitary’’—though not ‘‘ slow” 
—so many communities should have succeeded in taking 
permanent root. Too much is expected of this industry 
when it is required to supply the lack of labour, food, trans- 
portation, government, and the organised support which in 
settled societies all the trades and -occupations give to each 
other. Pioneer work is full of peril and of waste; and in 
view of the wonderful results achieved by our pioneers in 
mining, it ill becomes us to sneer at the losses and failures 
which constitute the inevitable cost of such conquests. 
When the battle has been gloriously won and the spoils of 


victory are ours, we do not greatly mourn over the number 
of bullets that may have been fired in vain. 
(To be continued). 








FOREIGN AND COLONIAL NOTES. 
Indian*Railways.—The aggregate receipts of all the rail- 
ways of British India in 1875 were 7,388,3231., as compared 
with 7,720,1201. in 1874. 'Thisadverse result was rendered 
all the more Secppenee by the fact that the a te 
extent of line worked last year was 6361 miles, against 6018 
miles in 1874. 


The Lehigh Valley.—There are now 51 anthracite fur- 
naces in the Lehigh Valley district in Pennsylvania with 
@ productive capacity of about 600,000 tons of iron per 
annum. Half these furnaces are not, however, now in 
blast. The raw material used in i ,000 tons of 
iron in the Lehigh Valley district is estimated as follows : 
Coal, 900,000 tons ; iron ore, 900,000 tons ; and limestone, 
270,000 tons. 

A Tasmanian Tramway.—A_ tramway from Emu Bay 
to Mount Bischoff is being rapidly shed forward. Some 
14 miles of the line had been formed at the date of the last 
mail from the colony, and it was hoped that the whole 
~~ ye would be open to the Hampshire by the end of 

J: 

The United States and the Servian War.—Itappears that 
Jonathan is willing to earn a few dollars out of the Servian 
war. Thusitis stated that 60,000 rifles have been pur- 
chased from Berdan, a well-known American armourer, on 
account of the Servian Government, and that a vessel has 
cleared from New Haven, Connecticut, for Constantinople, 
with rifles on board to the value of 700,000 dols. 


The Mineral Wealth of France.—The French Society of 
Civil Engineers has printed in its transactions an able work 
from the pen of M. Alfred Caidlaux on the mineral wealt 
of France. This treatise is expected to prove useful for pur- 
poses of reference. 


Steam Engine Management.—The Russian Technical 
Society has offered prizes for the best treatise on the 
management of steam engines and steam boilers. The 
work is to be written in Russian and in a familar and 
readily intelligible style. 


The Bleyberg Mines and Works.—The Association of | 9. 


Engineers educated at the Liége School has just visited the 
ss mines and works which are well known for the 
production of lead and zinc. There are two fine Cornish 
pumping engines at work in the mines. 


The French Iron Trade.—This trade remains in a com- 
paratively languid state. During the first five months of 
this year the imports of iron, steel, and pig into France in- 
creased to the extent of 15,500 tons. The exports of iron, 
steel, and pig from France only increased in the first five 
months of this year to the extent of 8000 tons. 

Belgian Locomotive Building.—It is at Brussels 
oe I a “ye CA i tate bo ai is 
al r) orders for 40 locomotives various 
industrial establishments of Belgien, ane coats 
the i tion gave out a similar order for 50 


administra’ Seb: 
motives, and these have all been completed. 


h | in the cable of the 





Steel Rails in the United States.—The Edgar Thomson 
babyy chet a S05, Deane onal rails, which “er 
are 8) a number of railroad companies in the 
Southern American States. The Boston and Providence 
Railroad Company has also been using 60 ft. rails made by 
the Edgar Thomson Works. 

The .Suex Canal.-—-In 1870, the.tonnage movement 
through the Suez Canal was 650,971 tons; in 1871, 
114,200 ‘tons; in 1872, 1,744,781 tons; in 1873, 2,081,072 
tons ; in 1874, 2,433,672 tons; and in 1875, 2,940,700 tons. 
The transit revenue of the canal in 1870 was 206,3771. ; in 
1875 it had grown to 1,057,2321. Nothing can well be more 
satisfactory than the results here indicated. 

weensland Coal Mining.—A plainly defined seam of 
about 2lin. thick has been met with upon the north 
bank of the Brisbane river, Moggill, Quee . The 
seam dips.in an easterly direction and the coal is of good 


co: 


has | quality. 


Portland and Hamilton Railway.—The first sod of this 
line‘has just been turned by Sir George Bowen, the Governor 


of Victoria. The line will be|53 miles long, and its contract 
price is 153,017/, Messrs. Overend and Robb are the con- 
tractors, and'they expect to finish their work by June, 1877. 


The line will probably be eventually continued to Ararat 
and Melbourne by way of Ballarat. 


British and American Coal and Iron.—The production 


of coal in 1874 in Great Britain amounted to 46.40 per | 9) 
be | cent. of the whole production of the world. The corre- 


sponding production in the United States in the same year 
amounted to 18.40 per cent. of the whole coal production of 
the world. In 1874, the production of iron.in Great Britain 
was 45.20 per cent. and that of the United States 18.10 per 
cent. of the whole iron production of the world. This 
shows that the production of coal and iron in any coun 
senerally: sustains the same proportionate relations to eac 
other. 


Marseilles Docks.—The receipts of the Marseilles Docks 
and Warehonses Company in 1875 amounted to 269,7541., 
as compared with 277,0331. in 1874. The net profits of 
1875 were 105,6601., as compared with 112,4381. in 1874. 
The ratio of the working expenses to the traffic receipts 
stood in 1875 at 40.58 per cent., as compared with 39.17 per 
cent. in 1874. 


Steel Rails in the United States.—The Chicago, Rock 
Island, and Pacific Railroad Company had at the close of 
March this year 23,034 tons of steel rails in its track, 
equivalent to 247 miles of steel rail line. Steel rails were 
used exclusively in the renewal of the main line 1875-6 ; 
iron rails were used on the second track and branches. The 
entire cost of the steel rails used during 1875-6 was charged 
to operating expenses, 


American Machinery.—The Woonsocket (Rhode Island) 
Machine Company has recently shipped 18 boxes of ma- 
chinery for Amsterdam. 


The Bitter Lakes—Soundings taken in the Bitter Lakes, 


on the Suez Canal route, show that the bed of salt which 
forms the bottom of these lakes is nally dissolving. 
This result, which had been anticipated hy the management 


of the Suez Canal, is e: to ine:-us2 the facility of 
navigation by giving greater depth to the lakes. 


New Zealand Coal.—Boring for coal is proceeding at 
Shakespere Bay, near Picton, New Zealand. It is consi- 
dered probable that the operations which are being carried 
on will bring to light a bed of valuable coal. Samples of 
coal from the estate of the Kilbarn and Mercer Company 
have been lately exhibited at Auckland, the principa] town 
of the north island of New Zealand. A seam, which has 
been cut through by the company, is of the great thickness 
of 55 ft. without breakage, and it improves in quality as it 
goesdown. The coal is said to be entirely free from sulphur, 
and to give out little smoke. The top of the seam is about 
35 ft. from the-surface of the ground. The coal is conveyed 


from Mercer to Auckland by railway, but the company 
complains of unduly high railway ae he re- 
sources of the province of Auckland, and especially of the 


Waikato district, have been peveleed in some degree during 
the past year or two, and the excellent quality of the mine- 
~ which hae ae out of = wit =. Koo bay . 

e prospect for the neighbouring c e yo 
the coal obtained from the Whauwhau mines at Wangarei 
is improving as the coalis worked at a greater depth. 

Antipodean Telegraphy.—The break which has occurred 
tern Extension, Australia, and 
China Telegraph Company (Limited) between Java and 
Port Darwin, is sup; to exist about thirty miles from 
— Darwin, according to the tests which have been ap- 
plied. 

Death of an Anglo-Indian Engineer.—The death is an- 
nounced of Mr. Pothecary, C.H., lately attached to the 
Public Works Department of the Bengal Secretariat. F 
Pothecary was much prostrated by exposure and hard work 
uring the famine ; he took a short furlough to Europe, 
but without avail. 


New South Wales Railways.—The extensions of the 
New South Wales Government Railways now on hand are 
slowly advancing towards completion. The various con- 
tractors complain a good deal of a scarcity of labour, and 
they have applied for a prolongation of the periods within 
which the extensions are to be completed. Additional time 
has been granted to the contractors on both the Northern 
and Southern extensions. In the case of the line to Tam- 
worth, the additional time allowed is eighteen months ; and 
twelve months extra have been allowed to the contractor 


for the W. extensions, which will of course make the 
—— the lines so much later. Now that the three 
lines of the colony have crossed the roughest of 


it, viz., the tainous belt running the 
stant, Ghoeee queatenghaneiinpaiianine ve been met and 


surmounted—they will probably be pushed forward to their 
various termini much more speedily, as the country d 
is more level. extension to is e to 
be aeeee in August, 1876, no additi time having 
been allowed tu the contractor. A line from iliquin to 
Moama, on the southern border, which is being constracted 
by a private company, is rapidly approaching completion. 


ee = of Christchurch(N.Z om Christchurch (New 
Zealand) District Drainage has paid in to the credit 
of the city council a sum of 18,0001., on account of a 
proposed outfall drain, in accordance with the provisions of 
a Local Drainage Act. 


Traversing the Alps.—M. Meyer 
at a meeting of the Vaud Society of 
tects, on the comparative position of the twogreat companies 
formed, with a view to the construction of lines across the 
Alps, viz., the St. Gothard and the yen M. Meyer is 
engineer-in-chief of the West Swiss Railway Company, 


secede xe 


and may thus be regarded as well qualified to speak upon 
the subject. M. Meyer ap to consider that the Sint- 
route is gaining ground, while the St. Gothard ronte 


is losing it. Not only does he think that the Simplon route 
could be more easily worked, but that it can be more readily 
executed, 

The Parisian Clock System.—At a recent sitting, the 
Municipal Council of Paris decided to invite tenders for the 
supply of four clocks of great precision to be placed at the 
bservatory, at the Bourse, at the Saint-Lazare station, 
and at the Conservatoire des Arts et Métiérs. It is pro- 
posed to connect these clocks with each other by electricity. 


The Westphalian Iron Trade.—Advices from Dortmund 
state that the \Wesphalian iron trade is going from 
to worse. The competition prevailing is described as 
**ferocious,’’ ‘and the home market is stated to be de- 
moralised. 

Chicago, Rock Island, and Pacific Railroad.—This un- 
dertaking oe are at the close of March,. 1876, 229 loco- 
motives, 12 having been added during the last financial 
yet New double track bridges have been erected at the 

u Page and Aux Sables rivers. 

Iron Girders in France.—The management of the 
Eastern of France. Railway is directing some attentlon to 
the introduction of iron sleepers upon portions of its 
system. French industrials are hoping for orders in con- 
sequence. 


Tae Merropouitan Gas QuEsTion.—It had been 
hoped that this question would be Sally sotties during the 
present session. ‘The proposed amalgamation of the Chartered 
and Imperial Gas Companies, and the minor companies north 
of the Thames, have by ment with the Corea the 
Metropolitan Board of Works, and the Board of e, re- 
moved all real difficulties. The House of Commons 
sanctioned the Bills presented to them, and has a select 
committee considering the proposals of the companies south 





of the Thames, , however, to some difficulties that 
have been raised by Lord Camperdown in the House of Lords 
and sanctioned by Lord Red , in respect to the valuation 


of the capital of such companies, in ease of sale to a corpora- 
tion or other public authority, it is highly probable that all 
the work of the session will be wasted, and the gas question 
be reserved for decision until next year. 





REGISTRATION oF Trapp Marxs.—The House of 
Lords has agreed to the Commons’ amendments of this Bill, 
which is now little more than a measure for extending the 
time during which the marks on textile fabrics may be 
registered. The Sheffield Chamber of Commerce and the 
Cutlers’ Company presented very strongly worded petitions 
to the House of Commons ‘objecting to the proposed 
transfer of the judicial powers of the Court of Chan 
to the gear yy 0! ae 8 The bce Soe ki 8 
petition contains this significant paragraph: “‘ Your - 
tioners believe that the clauses in question have been inserted 
in the Bill with the view of facilitating the arrangements 
in the new Trade Marks i Office in London, Your 
petitioners already object to several of the arrangements of 
the office, ostensibly made for the purpose of saving trouble 
and facilitating inquiries, but which have put your peti- 
tioners to more ¢: e than they believe was contemplated 
by the Act, and they res y submit it is not desirable 
that your petitioners or the owners of trade marks should 
be prejudiced by provisions made for facilitating the work 
of a Government office.” It is not usual for dignified and 
ancient corporations to express themselves in this out- 
spoken Jmanner, and it is quite evident that the Cutlers’ 
Coleen must have been considerably exasperated by the 
pro of the Lord Chancellor. We must not be under- 


stood as objecting to the tone of the tion ; quite the 
reverse indeed. The cutlers admit ‘ t, although the 
Commissioners of Patents are a body of e men, 


they compose an irresponsible tribunal which may, or may 
ok Gelding’ its affairs in sécret, and may, or may not, 
ive reasons for its decisions, and your petitioners consider 
that questions as to the validity or otherwise of valuable 
trade marks should not be intrusted to the absolute dis- 
cretion of] such a body. That under the Bill as it now 
stands any two of the Commissioners may exercise the 
wers of the rest, and a Sheffield manufa ht be 
a of the use of a valnable mark which has 
to himself and his predecessors for years, and be worth 
thousands of pounds, by the decision of two gentle- 
men who may be without — know cir- 
, and therefore before whom he 
position to produce evidence, and hai } 
opposition cross-examined, as in a court of law, and might 


himself without of ing to a 
et heal i pel setae alt Tegatge 
TS Sacks sash, ha ee tons» mess they 
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NEW SOUTH WALES AT PHILADELPHIA. 
Contrary to all reasonable pategettins, the 
British colonies have made a remarkably good show 
at the Philadelphia Exhibition, and this applies 
especially to New South Wales, whose exhibits are 
large, varied, and in the highest degree interesting. 

In the present notice we shall, of course, pass 
uncriticised the various exhibits which lie without 
our scope, remarking only that they are equall 
good with those we prspene to consider, and whic 
include examples of the mineral resources of this 
colony. ‘They comprise gold, silver, tin, copper, anti- 
mony, mercury, iron, limestone, coal, and gems, and 
the map, Fig. 1, on the succeeding page, shows the 
relative position and the extent of the various de- 
posits. The mineralogical collection at the Exhibition 
comprises upwards of 1000 specimens, which may 
be summarised as follows: 

Gold.—Of this metal there are two nuggets of 
alluvial gold, each weighing about 220z., gne of 
them showing traces of quartz, and indicating the 
presence of the reef from which it came. Of 
auriferous quartz there are specimens from. several 
workings, some from the great Victoria Reef, lifted 
froma depth of 525 feet, and others from Mitchell's 
Creek, found 80 feet below the surface, and yielding 
15 dwt. of gold per ton. One interesting specimen 
comes from Cowra, and is embedded in brown iron 


the above, the lead varies from 18 ft. to 400 ft., and 
a tunnel 2000 ft. long has been driven plone the 
course ; the average thickness of paying dirt being 
3 ft. and the depth from surface 60ft. The dirt is 
raised in buckets by windlasses, and is loaded on 
trucks at the surface to be taken to the sluices. The 
sinking is entirely through pipeclay, and the lower 
level is an old river bed, in which a depth of 14 ft. 
of river sand is sometimes found loaded with tin. 

The Great Britain Tin Mining Company 
the largest property in this district, It is 500 acres 
in extent, and has a tramroad six miles long, for 
taking the waste dirt down to the river Severn, but 
it was found that the stuff could be worked more 
economically at the mine, so that the working plant 
was removed from the river, and the tramway 
abandoned. 

Want of water greatly interferes with the work- 
ing of the mine, which possesses large deposits quite 
near the surface. They average about 18in. deep, and 
130 ft. wide, and are underlaid by a claystone reef. 
Great efforts have been made to treat the ore so as 
to save water, and the first system of washing em- 
ployed, which was similar to that of sluicing for 
gold, was abandoned. Sluice boxes and hopper 
plates were afterwards introduced, the latter bein 
4 ft. long, and 2 ft. wide, perforated with smal 





holes, and placed in the head of the sluice box. By 








ore, and others are sent by the Dayopring Company, 
which, during 1874, crushed 5674 tons of quartz, at 
a cost of l/. 1ls. 2d. per ton, the value being 
1/. 18s. 3d. per ton, and leaving only a margin of 
profit of 7s. 6d. Since 1851 the total value of gold 
exported from New South Wales has amounted to 
30,536,246/., the largest return being in 1852, when 
gold to the value of 2,660,946/. was obtained. ‘The 
values vary considerably in different fields, the 
highest coming from the Nerrigundah mines 
in 1862, which realised 81s. 9d. per oz., and the 
lowest from the Seone mine in 1872, the value being 
63s. 7d, per oz. 

Silver.—The returns of silver extracted are very 
incomplete, no information being available between 
1865 and 1869. The quantity has however been 
gradually increasing since the latter year, in 
which metal only to the value of 199/. was obtained. 
In 1874, however, silver to the value of 18,880/. was 
raised, and the total recorded amount is 77,216/. 

Tin.—The exhibits of this metal are the most 
numerous and interesting of the collection, as they 
promise to be of the highest value to the colony. 
The reports of produce, however, are very incom- 
plete, and the total amounts are certainly in excess 
of those recorded. The quantity of ore raised in 
1874, as reported, is as follows: 

Maryland ... Sed 2182 tons, value 107,0007. 
Mole Table land ... 246 ” 0221. 
Beyond these no figures are obtainable. The fol- 
lowing Table shows the returns of the ore smelted 

in the colony during three years : 


























Tin in Ingots. Tin Ore. 
ioe in in Ingo in Or Total 
; . — Value. 
Quantity. | Value. | Quantity. | Value. 
tons. £ tons. £ £ 
1872 47 6,482 348 41,221 | 47,708 
1873 | 904 107,795 | 3635 | 226,641 | 334,436 
1874 | 4101 366,189 | 2118 | 118,133 | 484,322 
5052 480,466 | 6101 | 385,995 866,461 











‘The bulk of the tin raised in the northern part of 
the colony is sent into Queensland, and that from 
the south into Victoria. 

One of the principal fields is at Vegetable Creek, 
on which 22 different workings ate’ opened, the 
largest being the Moore and Speare mine, from 
which, in 1874, were produced 410 tons of tin, 
having a value of 39,360/. These mines cover an 


area of 160 acres, and are the richest in the field. In 
some parts the tin is covered witha ferraginous sand- 
stone, which has to be removed by blasting, but for 
the most part the paying deposit, 200ft. wide, is easily 
reached, and the tin obtained ave 
the dirt raised, 


es 1.4 per cent. of 
In another valuable working near 








this arrangement stones are excluded, and only the 
fine stanniferous dirt is admitted. A further im- 
rovement was afterwards made by Mr, W. H. 
Vesley, the manager to the company, and of 
which we publish drawings on page 95. 

The apparatus comprises a Californian pump, 18 ft. 
long, and 9 in. by 3 in., the vertical lift being 11 ft. 
This is driven by horse gear and rope belting, as 
shown. On the pumpshaft is a wheel and belt, driving 
a cylindrical screen, 20in. diameter, and 3 ft, long, 
wake of 4 in. square iron bars, placed } in. apartin the 
clear, so that nothing over that size passes into the 
sluice box. On each end of the screen flanges are 
bolted: that at the receiving end is to prevent the 
dirt from dropping out underneath the hopper into 
which the wash dirt is shovelled, and prevent its 
falling into the sluice box. The flange at the 
delivery end prevents the stones from being dis- 
charged too quickly, and insures clean washing ; it 
also checks the too rapid loss of water, which if not 
thus prevented, would probably carry some tin along 
with it. The screen is placed over the head of the 
sluice box, and has a slope of 3 in. in its whole 
length, to facilitate the discharge of the refuse. At 
the back the water is conveyed from the pump to 
the feeding hopper. The dirt is thrown into this 
hopper, through which most of the water used for 
sluicing passes, and it carries the wash dirt into the 
screen, ‘The rest of the water is led through pipes, 
and is discharged upon the contents of the screen 
as it revolves, so as to complete the operation, and 
wash off all the loose tin from the pebbles. The 
latter, on leaving the screen, falls into a pocket, at 
the bottom of which is a door, opened and closed 
by a lever, and under this is a truck, which 
receives the pebbles at intervals and conveys them 
to the spoil bank. The stanniferous sand and gravel 
fall into the sluice box 18ft. long, 3 ft. wide, at 
one end, and 18 in. at the other, Here it is washed 
and turned by means of shovels in the usual manner, 
and the tailings pass into a tank as shown in the 
drawings, whence they fall into another truck and 
are conveyed away. All me or water is carefully 
restored to the reservoir. this machine 65 tons 
of dirt per day can be washed at the following cost : 


s. d. 
Two men feedi ee ana 16 0 
One man at head of sluice box , 8 0 
One boy behind ne oo 5 0 
One horse removing tailings 3 4 
One boy driving do. ... jon 5 6 
One horse removing pebbles, &c. .. 3 4 
One boy driving do. ode eee 5 6 
One horse working gear 3.4 


| 


+a 
The labour of one man at 7s. 6d. per ie is 

saved in pumping the water for the puddling 

machines, so that the total cost of washing is less 

















oa 8d. per ton. The cost of the plant is about 


In 1873, Mr. Wilkinson, the geological surveyor 
of the department, reported to the surveyor-general 
a the tin-bearing strata of the county of New 

land, especially of that part near the townshi 
of Inverell, The country here is very rough, an 
is seamed with gullies, cut by various streams and 
creeks. The geological formation of the district is 


as follows : 

Recent... ternary 

Pleistocene i ad 

Pliocene . Tertiary. 

Miocene 

Carboniferous 

Greenstone 

The relative positions of the formation are shown 

in Fig. 2, where a@ indicates recent river deposits, 4 
pleistocene terrace drifts along the valley, ¢ the 
newer pliocene lead covered by basaltic trap, de 
the older tertiary tin-bearing gravels, clay, and 
ironstone, f carboniferous strata upheaved by the 


oa, g h greenstone trap penetrated by granite 
ykes. 


The recent deposits are rich in tin, in some of 
the beds 6 to 8 cwt. per day of metal having been 
washed out by 8 men. They are the most easily 
worked of all the deposits, but operations are fre- 





uently stopped by floods, or checked by droughts. 

he pleistocene formation comprises the drift deposits 
forming alluvial flats, found in the valleys, and 
through which the existing streams have worn their 
channels. These deposits are all tin bearing, and 
are sometimes 20ft. thick, but they are more 
difficult to work than the more recent drifts in the 
creek beds. Fig. 3 is a sketch section of this forma- 
tion, where a is alluvial deposit 8 ft. thick, and con- 
taining 2 ft. of stanniferous dirt, 6 is pleistocene 
drift, 16 ft, thick, with 1 ft. to 5 ft. of ore, and c is 
granite. 

Some of the miocene rocks are rich in stream tin. 
This formation had at one time a great extent and 
enormous thickness, but it has been exposed to 
destructive agencies until a large portion has disap- 
peared, and left the stanniferous deposits near the 
surface and easily workable. The granite formation, 
as the source whence the stream tin was derived, has 
a special interest. It is found in lodes sometimes 
remarkably fine, as for instance near the Inverell 
mine, where vas, masses some of them weighing 
nearly 60 pounds, and containing 76 per cent, of 
tin, were found. The thickness of the vein varies, 
running from 18 in, almost out of sight, and then 
spreading again. As usually found the ore is 
crystallised, and adheres to the side of the granite 
fissures, the quartz filling up the intermediate 
space. Some very fine examples of this ore are at the 

xhibition. 

Copper.— Extensive ar oa lodes exist in New 
South Wales, and the P ucts are well represented 
at the Exhibition. - T ey have not, however, been 
worked so largely as. might be wished, the total 
quantity extracted between 1858 and 1874 having 
been 21,897 tons, and the value 807,476/. 

The deposits vary greatly in character and thick- 
ness, foe the reports concerning them are very 
incomplete. Some of vot a however, are 
as follows. The Peelw mine sses a 4 ft. 
lode, and is worked to a depth of 384 ft., the foot 
wall is of schist and the hanging wall:of soft slate. 
The average yield is 194 per cent, and silver and 
lead, though both are found, have not yet been 
worked, The Western Copper Company are work- 
ing upon several deposits, of which the principal 
have a thickness of 5 ft. at a depth of 25 fathoms ; 
4000 tons of ore have been taken from this lode, 
yielding 560 tons of metal, the other deposits are 
worked at about the same depth, and yield approxi- 
mately the same per centage. 

Antimony.—Although considerable quantities of 
this metal are known to exist in the colony, it has 
been but little worked, the total value extracted 
amounting to 897/. The positions of the deposits 
are indicated on the map. 

Tron.—Samples of iron ores areexhibited from the 
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Wallerawang beds, from the Lithgow Valley Iron 
Mine at Eskbank, and from Berrima on the Great 
Southern Railway. The ores from the first-named 
place are chiefly magnetite, containing 40.89 per 
cent. of metal; brown hematite with 38.84 to 
51.52 per cent., and clay bands with 49.28 to 56 per 
cent. The magnetic ore is found in large masses in 
the sandstones near their union with the granite, the 
hematites are met with in vertical lodes in the 
Devonian shales, and the clay bands, five innumber, 
as far as they are known, vary in thickness from 
6in. to 18 in., and occur between the coal measures. 
At the Fitzroy mines about 2400 tons of pig iron 
have been obtained from 3600 tors of ore; the 
Lithgow Valley Iron Works are not yet complete, 
and during 1874 about 1000 tons of ore were 
raised from the Berrima mine. 

The coal exhibits of New South Wales we must 
consider on a future occasion. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

In our article last week on the recent meeting of 
the Institution of Mechanical Engineers, at Bir- 
mingham, we concluded our report on the papers 
read at that meeting, and of the discussions to which 
they gave rise. Other demands upon our space, 








however, compelled us to defer our notices of 
the excursions and visits to works which formed 
such an important feature in this as in former 
summer gatherings of the Institution, and it is of 
these visits and excursions that we have now to 
speak, 


Messrs, NeTTLeroLp’s Screw Works. 

We have already mentioned that the afternoon of 
the 18th ult., the first day of the meeting, was de- 
voted to a visit to Messrs. Nettlefold’s works for 
the manufacture of wood screws, at Heath-street, 
Birmingham Heath, these works being on this occa- 
sion thrown — to visitors for the first time. The 
great extent of the works and the perfection of the 
mechanical appliances employed there, rendered the 
visit one of special interest. The works are, we 
believe, capable of turning out 30,000,000 of wood 
screws weekly, and they are fitted with what is 

robably not only the most extensive, but also the 
finest plant of its kind in the world. 

The iron from which the wood screws are made 
arrives at the Heath-street works in the form of 
wire, it being rolled at other works in Shropshire 
belonging to the firm. The first operation which 
the wire undergoes is that of being cut off into 
lengths, each cient to form one screw, this cut- 
ting off being effected in a machine which also up- 








SOUTH WALES AT PHILADELPHIA. 


‘RVvIS BAY 
Vin MINERAL Map 
to accompany 
REPORTS of MINES & MINERAL 
STATISTICS y 


of 
_ NEw SOUTH WALES. 


{ Sedle of Miles. 


C2zr eee re ey 


Howe 





| sets one end of each blank so as to form the head 


of the screw. This upsetting is performed cold. 

The rough blanks thus obtained are next passed 
on to a machine which turns and nicks the heads, 
The mode of feeding these machines is very in- 
genious, and as it is adopted also in the screwing 
machines, as well as for supplying finished screws 
to the girls who examine and sort them, we must 
endeavour to explain the arrangement. The screw 
blanks, then, with which the machine is to be fed, 
are placed in a shallow circular revolving tray made 
of sheet iron, this tray being of such a cross section 
that its deepest part is about midway between the 
circumference and the periphery. Hinged to a 
standard at the top of the machine is a kind of long 
two-pronged fork, which, when depressed, dips into 
the revolving tray at its deepest part. As the tray 
slowly revolves, this fork penetrating the mass of 
screw blanks, keeps catching blanks between its 
prongs, each blank, as it is caught, forcing its pre- 
deceszors further upon the fork, and when at regular 
intervals the point of the fork is raised, so that its 
inclination is reversed, the blanks hanging between 
the prongs slide down until they come between a 
pair of guides, which form what may be called the 
“throat” of the machine. By a very simple ar- 
rangement the ‘‘ feeding fork,” as we may call it, 
when it has lifted a charge of screw blanks, is pre- 
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vented from descending again for a fresh supply, 
until these blanks have passed into what we have 
called the throat of the machine. 

The blanks, as they leave the fork, hang (caught 
by their heads) almost perpendicularly; but the 
guides forming the “throat” are so twisted, that, as 
they slide down, the blanks are brought into a hori- 
zontal position. The bottom of the “throat” is 
closed by a curved plate carried by a radial arm, this 
plate having a groove in it sufficiently deep to re- 
ceive one blank. The blank which happens to be 
foremost rests in this groove, and when the curved 
plate is next moved this blank is carried away from 
the throat, the bottom of which is then closed by the 
plain portion of the curved plate. Next a pair of 
nippers carried by another lever descends upon the 
curved plate, and seizing hold of the blank resting 
in the groove of the latter, bring it opposite to the 
end of a rapidly revolving spindle, the head of the 
blank being outwards. Arrived in this position the 
blank receives a tap at the head end which shifts it 
horizontally, and brings it within the grasp of a 
suitable gripping apparatus with which the revolving 
spindle is provided. This gripping arrangement 
immediately seizes the blank, which is at the same 
time released by the nippers which ‘previously held 
it, and the blank, thus made to revolve at a high 
speed, is then approached by a tool which comes up 
and shapes the head. This operation performed, 
other nippers seize the blank and bring it opposite a 
small circular saw which cuts the nick, and then, 
after being acted upon by another tool which re- 
moves the burr left by the saw, the blank is thrown 
out of the machine ready to undergo the process of 
screwing. Before being passed on to the screwing 
or ** worming” machines, however, the blanks are 
all sorted and examined, and any which are defective 
are thrown aside, 

The screwing machines are fed by an arrangement 
similar to that fitted to the head-turning and nicking 
machines, except that the feeding mechanism is so 
arranged that when the blank is brought opposite 
the rapidly revolving spindle it is seized by its head 
ins of its point. Thus held it is operated upon 
first by a tool which forms the point, and next by a 
screwing tool which forms the thread or “ worm” 
by cutting a number of successive cuts. The number 
of cuts taken depends upon the size of the screw, 
the threads of large screws being formed by a dozen 
or more cuts. 

With this cutting of the thread the manufacture 
of the screw is practically completed; for although 
the screws are subsequently cleaned in revolving 
riddles, sorted, examined, and packed, they are 





practically perfect when they leave the screwing 
machine. It is difficult, by any verbal description, 
to give anything like an adequate idea of the beauty 
of the mechanical action of the two types of ma- 
chines by which the heads of the blanks are turned 
and nicked and the screws finished. The precision 
with which their numerous movements are performed, 
and the ingenuity of the combinations which give 
these movements, entitle the machines to rank 
amongst the highest mechanical appliances in use. 
Messrs. Nettlefold have over 2000 of these machines 
at their works, all in one large shop—the screw mill 
—covering about 1} acres; and the sight of these 
machines, as seen from a gallery, all in full swing, 
turning out about half a million screws per hour, is 
one to be remembered, 

It may beinteresting to state here that the machines 
employed at Messrs. Nettlefold’s works, although 
they have from time to time undergone improvements 
in detail, originated in the machines invented by 
Mr. T. J. Sloan, of New York, these machines being 
first employed at the works of Mr. William Angel, 
at Providence, U.S.A. Sloan’s machinery was worked 
in London some twenty-six years ago, and it was 
introduced to our screw manufacturers by Mr. J. 
Burrows Hyde, of New York. Ultimately, the 
English patent was bought by Mr. Nettlefold for 
12,000/., a deduction of 5000/. being, however, we 
believe subsequently made from this sum, on account 
of Mr. Angel refusing to allow of the fulfilment of 
an undertaking that had been entered into to the 
effect that Mr. Nettlefold should be permitted to 
visit Angel’s works, and examine the working of the 
machinery there. 

The preparation of the cutting tools for such an 
enormous number of machines as Messrs. Nettlefold 
— is no small matter, and upon the accuracy 
with which these tools are shaped the perfection of 
the products in a great degree depends. To secure 
accuracy of form as well as some other advantages, 
the tools for cutting the screw threads, &c., are first 
made in the form of rings, these rings being turned 
in the proper section in a lathe, and then divided 
into segments, each of which is used as a tool, The 
grinding of the tools is performed by women, 
special arrangements being provided to secure accu- 
racy of angle, &c. 

e small circular saws employed for making the 
nicks in the heads of the screws, cut on the average 
about 1000 screws each, and they are thus used up 
at the rate of 4000 to 5000 ‘a day. This being so, 
the cutting of these saws becomes a matter of no 
small importance. At the large screw works of M. 
Japy, the most important in France, the cutting of 











these saws used to cost about 7d. each, but Mr. 
Batho, who was for some years connected with 
Messrs. Nettlefold’s (then Messrs. Nettlefold and 
Chamberlain’s) works as engineer, devised a mode 
of cutting them, which reduced the cost to about 
$d. each, According to this plan, the saw blanks 
are stamped from a strip of steel, and a gross of 
them are then strung on a mandrel and forced close 
together by a hydraulic press. The column of blanks 
thus obtained is next turned, and then placed 
vertically in the machine in which the teeth are cut, 
In this machine the pile Ip upon by a series 
of ten cutters placed ially around it, the pile 
moving up and down between the cutters. Each 
cutter is shaped so as to cut three teeth, and thus 
each cutting stroke of the pile produces thirty teeth, 
and saws with 90 teeth are thus finished in three 
cuts. The pile during its vertical movement has a 
slight rotary motion given to it, and this causes 
the teeth to be cut at the proper angle. After 
cutting, the saws have to be properly tempered, 
while saws which have been ated! up can of course 
be softened and re-cut a second or third time. 

We have said that the screws after leaving the 
thread-cutting machine, or ‘‘ worming” machine as 
it is called, are cleaned, sorted, and examined. The 
cleaning of the screws is effected by washing the 
in a strong soda lye, putting them in ‘‘ shakers” an 
drying them. The sorting and examination is per- 
formed by women, who are wonderfully quick in 
discovering defects. Finally, the screws are ed, 
those above 2 in, in length ae counted, while the 
smaller sizes are made up into packets by weight. 
The expertness of the packers, some of them mere 
children, is interesting to witness, but there is 
sens in the operations calling for description 

ere. 

The motive power for Messrs. Nettlefold’s screw 
works consists of two pairs of Corliss engines with 
28-in. cylinders and 4 ft. stroke, and a of hori- 
zontal compound engines by Messrs. Walter May 
and Co. e Corliss engines have been made by 
Messrs. Hicks, Hargreaves, and Co., and during the 
visit of the members of the Institution of Mechanical 
Engineers a number of indicator diagrams were 
taken from one of them for distribution. 

Besides the screw mill of which we have been 
speaking, Messrs. Nettlefold have also at Heath-street 
extensive premises for the manufacture of carriage 
bolts and nuts, staples, wire nails, &c. The plant 
in this part of the works, although of course not 
characterised by the high ingenuity of the screw- 
neeee machines, yet possesses many special fea- 
tures of much interest, and it well copa examination, 
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Our space will not, however, permit us to describe 
this section of the works on the present occasion. 
We have, however, said sufficient to show that the 
visit to Messrs. Nettlefold’s works was one of ex- 
ceptional interest, and it was undoubtedly thoroughly 
appreciated hy gee whe et pet 

Tn addition to Messrs. Nettlefold’s works, those 
of Messrs, James Watt and Co. were also kindly 
thrown open for examination on the afternoon of 
the first day of the meeting, but unfortunately the 
time was too short to allow of both works being 
properly examined, and consequently but compara- 
tively few members got to Messrs. Watt's works at 
all. We ourselves were, from the shortness of the 
time, precluded from paying them a visit. 


Tae Brewincuam SMALL Arms Facrory. 

The Small Arms Factory at Small Heath, about 
2} miles from Birmingham, which was visited by the 
members on the afternoon of the second day of the 
meeting, belongs to a class of works of which it is 
difficult to give a mere verbal account of any in- 
terest, as the processes carried out and the machines 
employed require engravings to explain them pro- 
eal. Under these circumstances we do not 
propose to attempt any description of the Small 
Arms Factory asa whole, but instead, to notice such 
processes and appliances employed there, as appear 
to us specially worthy of mention, Some of these 

rocesses and appliances are by no means novel, 
but they are not well known outside of the particular 
trade in which they are used, and they are therefore 
of some general interest. 

As most of our readers are aware, the parts of 
gun-locks are largely produced by the process of 
stamping or forging in dies, and the first department 
visited at the Small Arms Factory was that in which 
the stamping of small articles is carried out. A 
form of stamp largely used for this work is one in 
which the stamp head runsin light guides above the 
anvil, these guides also serving to support a pulley 
over which a chain passes. One end of this chain 
is attached to the stamp head, while the other is 
coupled to the rod of a piston working in a small 
vertical steam cylinder fixed by the side of the anvil. 
The descent of this piston thus raises the stamp 
head, while the release of the steam from the upper 
end of the cylinder allows the head to fall. The 
arrangement has the advantage of relieving the 
piston rod of the jar due to the blow, while it 
enables the guides, &c., to be kept ‘light. Another 
form of stamp, of which many are in use, is one in 
which the stamp head is raised by a strap passing 
over a pulley as shown in the annexed sketch, 
Figs. 1 and 2. In this case the stamp head is 
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attached to one end, a, of a belt which 8 Over a 
pulley 4, which revolves continuously. In the normal 
‘condition of things, however, the belt does not rest 
upon the pulley, but is supported just clear of it 
by a curved spring c. When the stamp is required 
to make a blow, the end a’’ of the belt is pulled by 
hand, the effect being that the spring ¢ is forced 
down into the groove d in the pulley, and the belt 
comes into contact with the latter. The stamp is 
thus raised until the operator lets g> of the free end 
q@ of the belt, when the latter is raised clear of the 
ulley by the spring, and the stamp falls drawing 
k the belt with it. The arrangement is a very 
simple and handy one. 
Leaving the stamping shop the visitors 
into the steam hammer shop, where the process of 
stamping was being carried out on a larger scale, 
one of the hammers being e 
breech pieces which unite the butt and upper es 
of the stock of the Martini-Henry rifle. ese 
pieces, which are made of steel, are first forged to 
shape and then punched while hot, the punching 
being so performed that the piece of metal actually 
removed in forming the hole is very small. In the 


in stamping the | barrels 





same shop was also shown a bayonet rolling ma- 
chine, this consisting of a pair of rolls each ially 
cut away, so that they = operate on the metal 
during a portion of each revolution. The operating 
parts of the rolls have three grooves of different sec- 
tions cut in them. The bayonet before coming to 
the rolling machine is forged square and slightly 
= pes The rolls deliver towards the attendant, 
who clamps the forged bayonet on a small i 
and runs it forward between the rolls during the 
time the portions which are cut away are opposed 
to each other. As the rolls continue to rotate they 
grip the bayonet and deliver it back to the operator, 
who shifting the carriage laterally again runs the 
bayonet forward when the gap between the rollsagain 
occurs, the bayonet being this time in a line with the 
second pair of grooves. Finally, it is operated upon 
by the third pair of grooves in like manner. The 
first pair of grooves reduce the forged bayonet to 
a triangular section, while by the action of the sub- 
sequent grooves the sides of the triangle are hollowed 
or fluted. 

The copying machines for shaping and recessing 
gunstocks have been often described, and it is there- 
fore unnecessary for us to say more than that the 
plant of the Small Arms Company includes a fine 
set of these machines, Some surprise was, how- 
ever, expressed by many of the visitors at the amount 
of handwork required to trim off and finish the 
gunstocks after leaving the shaping machines. 

Most of our readers are aware of the accuracy 
with which a rifle barrel is bored to the standard 
diameter, but the manner in which it is finished with 
this accuracy is less widely known, and we may, 
therefore, describe the process. The finishing 
rimers are steel bars of square section for the main 
portion of their length, the square portion being 
very truly ground, so that it has two sharp and two 
blunt corners. In using these rimers one or more 
strips of paper are placed on one’ side, and on 
these strips is placed a strip of wood convex on its 
outer side, as shown in the annexed sketch, Fig. 3. 
In this figure a is the rimer with the sharp corners 
6 b' and the blunt’ corners cc’; d is the strip of wood 
and ¢ are the strips of paper interposed between 
the wood and the rimer. The rimer with the strip 
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of wood upon it is entered into the barrel to be 
finished, and the whole is laid upon the bed of a 
machine having at one end a series of revolving 
spindles provided with sockets in which the ends of 
rimers can be placed. The end of the rimer is 
placed in one of these sockets, and a chain—which 
passes over a  tyeees | at the head of the machine and 
is loaded with weight—is attached to the barrel. 
By the action of the weight the barrel is forced 
forward on to the rimer as the latter revolves, the 
machine being capable of thus rimering a number of 
barrels shalt side by side. The rimer being in 
compression and there being no guide to steady the 
barrel at the front ends, the revolution of the rimer 
gives to the whole arrangement a ‘ wobbling” 
motion, and it is difficult at first to realise that such 
an arrangement can produce accurate work, That 
it does produce such work, however, is undoubted. 
If after a cut has been taken it is found that the 
barrel is not strictly to gauge, the rimer is passed 
through again with an additional strip of paper 
interposed between it and the wood packing strip. 
This adjustment to size by strips of paper seems a 
somewhat crude contrivance, but it perfectly 
answers its purpose. 

The straightening of the barrels after boring is 
effected by hand, by blows of a wooden-faced ham- 
mer, the straightness or otherwise of a barrel being de- 
termined by directing it towards the light and looking 
through the bore. The reflection of the light in the 
barrel produces the effect of series of rings, and the 
concentricity or otherwise of these rings directs the 
operator as to where—if at all—the straightening 
blows are to be applied. The process of straightening 
affords an excellent example of the accuracy 
with which the human eye, when properly trained 
by practice, can estimate minute differences of dis- 
tance. 

Of thesifling machines, with their ingenious de- 
tails, it would be impossible to convey any clear 
idea without engravings, and we shall, therefore, 





merely record here that from five to twenty passes 
of the rifling tool have to be made to form each 
groove. Neither shall we attempt any description 
of the milling machines which form such an impor- 
tant of all gunmaking plant, and which, at the 
S Arms Factory, are to be found by hundreds. 
These milling machines all act upon the copying 
principle, and by their aid details of the most com- 
plex shapes can be finished almost without being 
touched by hand. In examining these machines and 
the work turned out by them, it is, however, almost 
impossible to avoid arriving at the conclusion that 
in designing guns ease of manufacture of the parts 
scarcely seems to be considered. The fact is, that 
the general employment of milling machines work- 
ing on the copying principle has rendered it possible 
to — almost any form wholly by machine tools, 
and hence designers of guns appear to think them- 
selves at liberty to use what forms they please, feel- 
ing certain that the parts can be manufactured. 
The result of this is, however, in some cases greatly 
to increase the number of operations to which a 
piece is subjected, an instance of this being a trigger 
guard which, the visitors were informed, had under- 
gone no less than twenty-seven machine processes 
besides three filings. The visit to the Small Arms 
Factory concluded with an inspection of the museum, 
where examples of almost every variety of modern 
rifle were exhibited, and where, also, sets of 
details of rifles were laid out, each piece bearing a 
label stating the processes it had undergone during 
its manufacture. 


Tue SANDWELL COLLIERY. 


Thursday, the 20th ult., the third day of the 
meeting, was devoted wholly to visits to collieries 
and iron works, a special train on the Great Western 
Railway having been engaged for the use of the 
members. Leaving Snow Hill station the members 
were first conveyed to the Sandwell Colliery, about 
3$ miles from Birmingham, where they were met by 

r, Henry Johnson, the engineer of the undertak- 
ing, by whom full explanations were given. 

The Sandwell estate is 1700 acres in extent, and 
lies on the eastern confines of the South Stafford- 
shire coalfield, and underneath the lower new red 
or Permian formation. Until the present company 
undertook to prove it, no trial sinking had been 
attempted, but several borings had during the last 
half century been put down; none of these, 
however, were carried deep enough to prove coal or 
even coal measures. One bore hole was put 
down about forty years ago, about half a mile 
east of the present pits, but after being sunk 
down about 220 yards was abandoned. Experience 
has now shown that had this hole been carried a little 
deeper coal measures must have been struck. 

It was not till 1870 that the Sandwell Park trial 
sinking was proposed. It was suggested by the 
present engineer of the company, Mr. Henry 
Johnson, after having made arrangements with 
Lord Dartmouth for a moderate royalty. Mr. 
Johnson offered the undertaking to his friends 
eager | in 100/. shares, the capital required to make 
the trial sinking being 26,000/., and one stipulation 
with the lessor being that the company should not 
be compelled to spend more than 16,000/. unless 
they so pleased. The sinking proceeded, the capital 
was increased, and on May 28, 1874, the thick coal 
was reached in the trial shaft, and was found to be 6 
yards 2ft, 6 in. in thickness. Shares with 150/. paid up 
were at that time sold by auction at as much as 1135/. 
The second shaft was then commenced, and was 
pushed on with all speed, and in one year and nine 
months the coal was reached in that shaft also. It 
need hardly be added here that the first shaft was 
sunk under many difficulties, sometimes with every 
pve of success, and at others with almost every 

ope gone, but to the gratification of all concerned, 
who had stuck to it through good report and ill re- 
port, it resulted in the present success. 

The first or trial pit is 10ft. in diameter, and 
440 yards to the bottom. The thick or ten-yard coal 
was reached at 418 yards, and the present inset is at 
423 yards, The drivings or explorations which have 
been made in this pit, while the second shaft was 
being sunk, extend about 1000 yards to the north, 
60 yards to the jsouth, 300 yards to the west 
Coun the old coalfield), and about 200 yards to 
the east (towards Birmingham), while over the area 
the coal is found to be about 8 yards thick, having a 
dip due east of about 1 in 7. 

The second pit is 15 ft. in diameter, belled out at 
the bottom to 20 ft., and groined into a brick arch- 
weg at the pit bottom, This archway is 20 ft. wide 
and 16 ft, high, with six rings of bricks in the invert 
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and seven rings in side walls and crown. The arch 
is intended for four lines of tramway. This pit will 
be worked with two steel ropes 1} in. in diameter 
attached to double-decked cages, each ing four 
tubs with 15 cwt. of load each, making 3 tons of 
coal raised per trip. Each lift is expected to be done in 
one minute, the machinery thus having capacity for 
raising 1000 tons per day if required. The cages will 
be guided by six wire rope conductors 1$in.in dia- 
meter. 

The winding engines are a pair of new horizontal, 
high-pressure, direct-acting, winding engines, having 
36-in. cylinders, 6 ft. stroke, and double-beat equi- 
librium valves. The drums are 18 ft. in diameter, 
and the shaft bearings are fixed upon massive cast- 
iron box beds cast in one piece, weighing about 
14 tons each, and secured to ashlar stone bedding 
2 ft. 6 in. thick with 15 ft. of solid brickwork under- 
neath. The engines have been made by Messrs. 
Coupe, of Wigan. The engines are supplied with 
steam by eight plain cylindrical boilers 5 ft. 6 in. 
in diameter, 40 ft. long, with hemispherical ends, 
fitted with the feed and steam indicators in duplicate, 
and fed by a pair of Pearn’s large quadruple-acting 
donkey pumps. These boilers are connected with 
the stack (which is placed a little distance off) by 
separate large flues from each set of four boilers 
situated on each side of engine house. An under- 
ground arch or tunnel passes from the neighbouring 
railway cutting underneath the boilers and engine 
house, this tunnel, which is 5 ft. high, containing all 
the blow-off pipes from the eight boilers, and other- 
wise serving as a drain to the whole structure. 

The stack, which is of exceedingly neat design, 
is a square one resting upon a concrete foundation, 
36 ft. square, 10 ft. thick, the brickwork battering 
from this to 20 ft. 6 in. square at the base. The 
shaft has a slight batter, and is capped by a very 
neat arrangement of recesses, arched with blue, red, 
and white bricks, and which gives it a very light yet 
substantial finish. The total height is 203 ft., and 
it is 8 ft. square inside from top to bottom. 

The pit frame or head gear to the 15 ft. pit, con- 
sists of four uprights 60 ft. long, and two sloping 
legs 72 ft. long, made of pitch pine 16 in. and 14 in. 
square, all well braced together. This head gear 
carries a pair of 16 ft. pulleys, and is provided with 
a light wrought iron step ladder and hand-railing 
from the ground to the top. 

A high-pressure hauling engine, with 18 in. cy- 
linder, is fixed to work an endless chain tramway to 
the Birmingham Canal, about 600 yards distance, 
where extensive wharves have been constructed. 
An extensive siding is also in course of construction 
on the main line of the Great Western Railway, 
between Wolverhampton and Birmingham, and 
communicating also with that company’s Stour- 
bridge branch for the south. Besides these outlets 
the colliery has easy communication with the Stour 
Valley Railway of the London and North-Western 
Railway. It eppears also that it will have a very 
large local sale, as it is within about three miles of 
Birmingham. 

The water at the colliery is now very little, it 
being only about 50 gallons per minute ; but in sink- 
ing the first shaft it was about 250 gallons per 
minute. The pumps are worked by a condensing 
beam engine with 45 in. cylinder and 5 ft. 6 in. 
stroke, supplied with steam by three double-fiued 
Cornish beilers, 30 ft. long by 7 ft. 6in. in diameter. 
The pumps, lifting 230 yards, are in three sets, with 
working barrels 13 in. and 14 in. in diameter, and 
6 ft. stroke, all being bucket lifts, 

A horizontal high-pressure winding engine with 
25-in, cylinder and 5 ft. stroke and 14 ft. drum, does 
the winding at the first trial shaft, raising the pro- 
duce of the exploring underground roads preparatory 
to the completion of the large winding engines. A 
pair of high-pressure steam crab engines-with 10-in. 
cylinders is employed as a capstan engine for the 


pumps. 

Up to the present time the total expenditure at 
the colliery has been about 80,000/., while the total 
capital of the company is 93,0007. A t interest 
attaches to this colliery from the fact of its develop- 
ing the coalfield below the Permian or lower new 
red sandstone formation, and the company who own 
it are to be specially congratulated on the ver- 
ance and skill of their engineer, Mr. Henry Johnson, 
through whose energy such a property has been 


developed. 
Tue Lye Cross CoLuiery. 
From the Sandwell Colliery, a run of six miles b 
rail to Dudley, and a pleasant drive of two anda 
miles by omnibus, brought the members to the Lye 








Cross Colliery, belonging to the Earl of a: 
Here they were received by Mr. E. Fisher Smith, 
the principal agent for the earl, and by Mr. Thomas 
Latham, and after examining the surface works 
nearly the whole of the party descended the pit and 
took an underground walk under the guidance of 
Mr. Latham, who gave explanations of the chief 
features. We quote some of the following particulars 
of the colliery from a short account which had been 
drawn up and printed for use of the members : 

‘The colliery is situated nearly in the centre of 
the basaltic mound constituting the Rowley Hills to 
the south-east of Dudley, and forming a continuation 
of the chain of silurian hills, consisting of Sedgley, 
Wren’s Nest, and Dudley Castle. The starting of 
this colliery was the first attempt to sink through 
the basalt, to win the coal known to be lying 
beneath (although at two neighbouring collieries 
workings had been previously carried under the 
basalt), and was an undertaking of considerable mag- 
nitude, as it was not known what thickness of basalt 
covered the coal measures. The sation be proved 
thoroughly successful, the thickness of basalt being 
considerably less than was supposed, only 68 yards 
of basalt having to be sunk through before the rock 
forming the upper portion of the coal measures was 
reached ; and 92 yards further down (or 168 yards 
from the surface) the Two-foot and Brooch coal 
seams were struck, and 50 yards lower the Thick or 
Ten-yard seam, and below that the other seams in 
regular succession, as in other parts of this coalfield. 

‘The Rowley Hills owe their origin to an out- 
burst of basaltic lava (whose funnel, or point of 
emergence from below, has, however, not yet been 
discovered) having spread over that portion of the 
coalfield, and protected it from the denudation which 
elsewhere removed some of the upper portion of the 
carboniferous strata. Dykes and sheets of intruded 
igneous rock occur between the coal seams in some 
places, similar to the basalt, except that there has 
been more or less mutual reaction between the 
molten basalt and the coal measures, whereby the 
former has become ‘green rock” and ‘ white 
rock,” according to the nature and extent of the 
change it underwent whilst cooling. 

‘‘'The coal measures of the Staffordshire coalfield 
were deposited on a floor of silurian rocks, peaks of 
which are seen protruding through the coal measures 
at Sedgley, Wren’s Nest, and Dudley Castle, and 
are quarried for the silurian limestone of which they 
consist. The actual extent of the Staffordshire 
coalfield is not definitely proved, and as sinkings to 
the east of the formerly supposed boundary of the 
coalfield have proved that it extends further and 
further eastwards, under the permian rocks, there 
seem some grounds for supposing that it will ulti- 
mately prove to be continuous with the Warwick- 
shire coalfield. 

‘“* The sinking of the Lye Cross shafts was com- 
menced in August, 1872, and completed in July, 
1874. The downcast shaft is 12 ft.6 in. in diameter 
in the clear, and the upcast 8 ft.; they are sunk 
through the coal to a depth of 13 yards below the 
coal before forming the “ insets,” which are at the 
right level to meet the coal (which forms a saddle, 
dipping in both directions from the shaft) at sufficient 
distance to firmly support the shaft, viz., 100 yards 
from bottom of shaft. These are 13 ft. high and 
25 ft.in width, with four lines of rails, for about 
40 yards from the shaft, the four lines then merging 
into two from the shaft. The gate rods extend toa 
length of 3 miles. The upcast shaft is sunk to the 
same level as the downcast, but the air drift follows 
the rise of the coal ; the shaft has a brick continuation 
about 40 ft. high above ground. 

‘‘The thickness of the various strata passed 
through in sinking the shaft was as follows: 


Strata. Yds. 

Made ground and surface soil “ B 
Rowley or basalt ... ns ax « «=—68 
Rock and binds ote he ae . 914 
Two-foot and Brooch coal ... bc fh 2 
Rock and binds . ose ys 3: & 
Thick or Ten-yard coal si ie Pee me 
Gubbin ironstone ha éés a 3 
Heathen coal ... ror 33 333 ee 2 
Whitestone rock and measures ies abe 7 
Pennystone measures ... ove re os 3 
oo ee oon Aa ae “ 

ire clays and binds ... oa 23 te 
Bottom coal... a sia il obs 1 
2584 


‘‘ The first 3 yards of the Rowley rag was partially 
decom , and the rest was in the form of very 
large boulders, the outside crust of which being in 
many cases much decomposed. When this bed was 


nearly passed through, a large quantity of water 
was met with, whish senpdail Taking operations 
for about three months, As the coffering was re- 
quired to extend to a depth of 75 yards, and there 
was no sufficient foundation for it, 4 ft. heads were 
then driven into the sides of the shaft, and six large 
oak timbers inserted to form a seating for the curb 
to rest upon, and the coffering made with hydraulic 
lime effectually kept back the water. The brick- 
work of the shaft is 2 ft. to 3 ft. thick in some por- 
tions, The water isdrawn from a pipe which extends 
through the coffering under sufficient pressure for feed- 
ing tr rer tags boiler. The water isremarkably 
pure and fresh for drinking ; when first drawn it con- 
tains a large quantity of minute air bubbles, giving a 
milky aggoerence to the water, which pls 
escape. ‘Theroads arevery wide and high, and heavily 
timbered with oak 16in. by 14in. Underground is 
a manager’s office where the men are paid, a dining 
room, and stables for the pit horses.” 

The winding from the pit is done by a pair of 
horizontal engines with 26-in, cylinders and 6 ft. 
stroke, built at the Earl of Dudley’s Castle Mill 
Works, Dudley. The engines are provided with a 

allel drum 14 ft. in diameter, this drum being 
tted with a powerful differential steam brake 
worked by a foot treadle. The engine-room is 
connected with the bottom of the pit by electric 
signals, the whole of the fittings being very complete. 
The pit-head frames are 45 ft, high, and the pulleys 
14ft. in diameter. The wire rope used is 1 in. in 
diameter, and the cages are single decked and bring 
up each lift one truck containing about a ton of 
coal, During our visit the average time occupied in 
a lift was 32 seconds, the time between two succes- 
sive trucks of coal being brought to bank, including 
the handling of the trucks, being 40 seconds, ‘The 
winding when the visitors wen both let down the 
pit, however, was more rapid than this, the time of 
the descent being, we believe, timed by some of 
the members present as 22 seconds. We think we 
may say that generally the rate at which the visitors 
were “dropped” down was considered more rapid 
than comfortable. 

Steam at from 40 Ib. to 50 1b. pressure is supplied 
to the winding engine by three plain cylin 1 
boilers with hemispherical ends, these boilers being 
39 ft. long by 5 ft. Gin, in diameter. Besides the 
winding engine at the surface there is also an under- 

ound hauling engine with a cylinder 15 in, in 

iameter and 3 ft. stroke, driving a drum 6 ft. in 
diameter, the engine being employed to haul coal 
up an incline of 1 in 34 from the lower workings to 
the bottom of the shaft. Steam at 50 1b. pressure 
is supplied to this engine by a plain cylindrical egg- 
ended boiler 32 ft. loug and 4ft. 6in. in diameter, 
the flue of this boiler passing into the upcast shaft, so 
that the waste heat causes the ventilation of the mine. 
An auxiliary furnace for the purpose of assisting the 
ventilation is also provided for use if required. 

One of the most interesting features of the visit 
was, of course, the rs pee it afforded of in- 
specting the celebrated ‘‘Ten-yard seam,” a seam 
of which everybody has heard, but which so few 
or aay of those engaged in working it— 

ave seen. And here we may remark that the Lye 
Cross Colliery is a model colliery in which to make 
such an inspection, the great width and height of 
the roads, the excellent ventilation, and the perfect 
dryness of the pit, rendering a trip through it quite 
free from many of the unpleasautnesses which are 
usually attendant upon visits to underground work- 
ings. The coal is worked in stalls ten yards wide, 
having pillars ten yards thick left between them, 
and a large stall of the above width and about 200 ft. 
long, was illuminated by blue lights, so that the visi- 
tors could see the seam exposed for nearly its whole 
height, ‘The scene thus presented was a very striking 
one, the more so as the great depth and strength of 
the rock overlaying the ten-yard seam enables the 
roofs of the stalis to stand for the full width of the 
span without timbering.. 
The visit to the Lye Cross Colliery was pleasantly 
concluded by a luncheon, to which the members 
were invited by Mr. E. Fisher Smith, and this over, 
a drive of half a mile by omnibus brought the party 
to the Hailstone Quarry, where the well-known 
Rowley rag (basalt) is being worked. 


Tue Rounp Oak Iron Works. 


From the Hailstone Quarry, a ride of three miles 
by omnibus to Dudley station, anda run of two and 
a half miles by train, brought the party to Round 
Oak station, near which they alighted to visit the 





Earl Dudley's Round Oak Iron Works. One of the 
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special objects of the visit was to inspect the Cas- 
son-Dormoy puddling furnace, which has for some 
months been in use at these works with results 
which are stated to be very satisfactory. This fur- 
nace was described by Mr. E. Fisher Smith, in a 
paper read by him at the last meeting of the Iron 
and Steel Institute, and as we published this paper 
at the time (vide page 255 of our last volume), it is 
unnecessary that we should enter into detailed par- 
ticulars here. In addition, howéver, to three fur- 
naces constructed on the plans described by Mr. E. 
Fisher Smith in his paper just referred to, the 
visitors had an opportunity of seeing in operation a 
fourth furnace, which differed from the others in 
being gas-fired, the gas being generated in a pro- 
ducer at the end of the furnace. This arrangement 
is one which has been designed by Mr. Smith Casson, 
the manager of the Round Oak Works, and as it 
constitutes the latest development of the Casson- 
Dormoy system, some | menage 2: of it may be of 
interest. The gas producer, which, by means of a 
grooved feed roll, is supplied with screened slack 
from a hopper, consists of a deep chamber having a 
sloping slide, with a small step grate at the bottom. 
Air, furnished by one of Baker’s blowers and heated 
by the waste heat in the stack of the furnace, is 
supplied outside this grate, while a further supply 
traverses passages in the crown and back wall of 
the producer, and is delivered so as to meet the gas 
at the throat of the producer and on its way to the 
furnace. An intense flame, the nature of which can 
be regulated by adjusting the supply of air, is thus 
obtained. The puddling chamber, like that of the 
older Casson-Dormoy furnaces, has circular rotat- 
ing beds, the furnace being double and being fitted 
with mechanically worked rabbles. The day of 
the visit by the members of the Institution was 








only the second day the furnace had been at work, 
so that data as to its performance were scarcely 
available. On the previous day, however, it had 
turned out 3 tons 16 cwt. of puddled bars in six 
heats, namely, five heats of 12 cwt. each, and one 
heat of 16 cwt, The pig iron undergoes a prelimi- 
nary heating in a chamber provided for the purpose 
between the puddling chamber and the stack, while 
the waste gases from the latter traverse a horizontal 
boiler fixed above the furnace. We shall probably 


Mr. Cowper has paid considerable attention to the 
construction of these stoves, from time to time in- 
troducing ee erin a in their details, and he has 
obtained highly satisfactory results both as re 
high blast temperature and regularity of working. 
On the occasion of the visit which forms the subject 
of the — notice, Mr. Charles Cochrane had 
thoughtfully had built up, on a platform outside the 
stoves, a few courses of the firebricks showing the 
manner in which they are arran in the stoves, 
so that each brick is firmly held by its neighbours 
and cannot fall out of place. ‘The courses are 80 
disposed, also, that the bricks in every alternate 
course slightly overlap those below them, the effect 
being that the current of air or gas, instead of get- 
ting a straight run through any of the channels, is 
diverted and turned over so as to become equally 
heated throughout. The efficiency of the arrange- 
ment has been tested by building up courses of the 
bricks in a box with a glass side, and then burning 
nesium wire below it, the experiment showing 
that the fumes resulting from the combustion of the 
wire were completely diffused through the current 
of air before the latter had through the bricks 
to a height of eighteen inches. In practice it is found 
with these stoves that the zone of varying tempera- 
ture, or that in which the gases are losing or the 
blast receiving heat, has a depth of about 5 ft. only, 
this zone, of course, gradually shifting downwards 
during the process of heating the bricks, and simi- 
larly moving upwards while the blast is being 
heated. 

At Messrs. Cochrane’s works the stoves we have 
mentioned are being e in connexion with a 
furnace 60 ft. high and 17 ft. in diameter at the 
boshes ; blown with blast at about 23 lb. pressure. 
That the results will be satisfactory we can scarcely 
doubt, judging from what Mr. Cowper's stoves have 
done elsewhere. We may mention, by-thinbes, that 
Messrs. Cochrane have adopted a very neat mode of 
erecting the wrought-iron casin of these stoves, 
the men working on a circular platform inside, sus- 
pended from Weston’s pulley blocks hung to the 
shell itself. When a new ring of plates has been 
put on, the pulley blocks are raised one by one. and 
the platform hauled up after them. All scaffulding 
is thus dispensed with. With the inspection of the 
Woodside Iron Works the visits for the day con- 
cluded, the party returning to Birmingham by 
special train from Round Oak station. 


Dubey Port Liwestone Pir. 


For the morning of Friday, the fourth day of the 
meeting, two alternative excursions been ar- 
ranged, the one ome | to Messrs. Dixon and Burne’s 
limestone pit near Dudley Port station, and the 
other to Messrs. James Russell and Sons’ tube works, 
at fre noose 4 As regards the first of these visits 
we cannot do better than quote the following notes 
on Messrs. Dixon and Burne’s pit, which had been 
prepared and printed for the use of the members. 
‘* Great interest attaches to this pit, as being one of 
the several places where the Dudley or Wenlock 





limestone has been extensively worked below the 
coal measures of the Svuth Staffordshire district, 
Previous to the first opening of this bed of limestone 
at Dudley Port, the only means of supplying the 
blast furnaces with limestone for smelting purposes 


have more to say of Mr. Casson’s gas furnace here- , was confined to the outcrop of the Wenlock beds at 


after, when it has undergone a longer trial. 


Tue Woopsipe Iron Works. 

The last establishment visited on the Thursday 
was Messrs. Cochrane’s Woodside Iron Works, 
which are only a few hundred yards from the Round 
Oak Works. Here the members had an opportunity 
of examining the extensive plant for the execution 
of boiler work, bridge work, &c., as well as the pi 
foundry and engine works. Here, too, were seen in 

rocess of erection two of Mr. E. A. Cowper’s hot- 
last stoves, the first of their class which have been 


most of them aware, the mass of firebricks in these 
stoves is alternately heated by the waste gases and 
cooled by the blast. Thus the waste gases from the 


blast furnace are first turned on at the top of one _ 
stove, and the products of their combustion led off | 
formably 

) 


from the bottom, the combustion of the gases in 


the stove being allowed to go on until the whole | 


mass of bricks is thoroughly heated. ‘The gases are 
then turned on to the other stove, and the blast is 
admitted at the bottom of the stove which has been 
heated, and led off at the top to the blast furnace. 


, Successful deep sinkings 


\the roof of the limestone workings. ‘his grey or 


Dudley Castle, Wren’s Nest, and in the neighbour- 
hood of Walsall. Since the sinking of this bed by 
Jeavons about the year 1825, there have been several 
in different parts of the 
coalfield. The Wenlock limestone is described by 
Jukes as follows: ‘The Wenlock and Dudley lime- 
stone form two bands of solid concretionary and 
flaggy limestone, with many calcareous modules, 
concretions, and small flaggy beds both between, 
above, and below them. It contains innumerable 
characteristic fossils; indeed the quarries of Dudley 
are the most famous in the world for upper silurian 


- up in South Staffordshire. The stoves are 21ft. in | organisms; shells, corals, encrinites of very numerous 


eter and 60 ft. high, about 45 ft. of this height 
being occupied by the firebricks. As our readers are | 


genera and species, and trilobites are all in a state 
of perfection, such as no other locality in Britain 
exhibits.’ 

“At Dixon and Burne’s pit, Dudley Port, the 
depth from the surface to the bottom of the thick 
coal is 123 yards, and at a depth of 18 yards below 
the surface the coal measures rest slightly uncon- 
upon the Wenlock shale (locally called 
‘‘bavin”). This shale or bavin, intermixed with in- 
ferior limestone, is 34 yards thick, making a total 
depth of 220 yards from the surface to the top of 
the grey or thin limestone; thus the bavin forms 
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thin bed, which is used principally for smeltiog pur- 
poses, is the same as that =paelie the escarpment 
round the Dudley Castle and Wren's Nest. hills. 
About 33 yards below this bed lies the blue or thick 
limestone, which is from 10 to 12 yards thick, and 
is used for making lime for building pe 
P . This, latter bed is nob y worked, 
the Earl of Dudley being the only producer of it in 
this district, and that only upon a small scale. 

‘« The grey or thin limestone, in which the work- 
ings visited are situated, is from 8 to 12 yards 
thick, and for the most part excessively and 
crystalline, containing in fine specimens of 
crystallised spar. ‘The bed is worked on the ‘ pillar 
and stall” system, with — 14 yards square 
generally but considerably less in some places, and 
stalls 14 ap wide, the full thickness of the bed 
being worked in one face by. blasting of successive 
portions from the bottom upwards, ladders being 
used to reach the upper parts. The thickness of 
the seam varies suddenly in some places ; the seam 
being apparently folded back on itself at one part, 
thus changing the thickness suddenly from 8 to 12 
yards, Springs of fresh water, pleasant to drink, 
occur in plaees in the workings; and water is now 
filling the lower workin py rising slowly, so that 
pumping is expected to uired béfore long. 

“ The shaft is about 240 ft, depth, and partly lined 
with brickwork, The winding engine is an old tappet 
motion beam engine working a flat hemp rope, with 
iron.cage containing a single iron skip for limestone. 
A sécond shaft is used for raising water by an iron 
bucket, having a self-acting valve at bottom, which 
discharges the water intoan iron launder run across 
the pit mouth, The limestone is nearly level 
throughout these workings, instead of the high in- 
clination, fully 45 deg., of the limestone at Wren’s 
Nest, which has consequently to be worked in gal- 
leries at different levels below one another. ‘The 
excavations of this pit have occupied the last 25 
years, and extend over an area of 15 acres, present- 
ing a remarkable effect when illuminated, from the 
large dimensions and great extent of the excava- 
tions.” 

Tue Crown Tuse Works. 

Messrs. James Russell and Sons’ Crown Tube 
Works, at Wednesbury, is a widely-known estab- 
lishment, but it is one respecting which little has, 
we believe, been published, the firm, like others en- 
gaged in the manufacture of tubes, not having 
encouraged the presence of visitors. Whatever there 
may have been of reticence in the past, however, 
there was certainly none shown during the visit of 
the members of the Institution of Mechanical Engi- 
peers on the 2lst ult,, for nothing could have ex- 
ceeded the heartiness with which the visitors were 
received, and the pains taken to explain to them 
the various interesting processes inspected. Re- 
garding these processes, however, our space will only 
perm't us to give some general notes here. 

The tubes made by Messrs, J. Russell and Sons 
may be divided into two chief varieties, namely, the 
lap-welded tubes and those with the joints butt- 
welded, and the section of the works devoted to the 
latter class of tubes—which are only made of small 
sizes—was first visited. The tubes are made of flat 
strips of plate, or ‘‘ skelps” as they are called, and 
the first process is the bending up of these skelps 
into a rough form of tube ready for welding. Two 
modes of doing this are ado ted. 
plan the heated skelps are dealt with in a machine 
aptly called a ‘‘ crocodile,” having jaws the width of 
which is about equal to half the ‘ength of the skelp 
to be bent. The lower or fixed jaw of the “croco- 
dile” has a groove right across it, and on the upper 
or moving jaw is a projecting rib of semicircular 
section entering this groove. The heated skelp 
being laid over the groove in the lower jaw is pressed 
into it by the rib on the upper jaw, and is thus 
formed into a kind of gutter section. which, by 
manipulation between flat faces on the jawa, is altered 
to that of a rough tube, Half the len of the 
skelp is thus formed into an approximately tubular 
form, and the other half is then dealt with in a 
similar way, The other mode of preparing the skelps 
for welding is by passing them, as they are taken 
out of the furnace, through a die which bends 
them up into the p eaye orm, the whole length 
of the skelp being thus bent at one operation. 

The next process is the welding. For this the 
tubes are heated in furnaces, before each of which 
is a draw-bench, one end of the draw-bench bein 
close to the furnace door. The tube to be weld 
is drawn partially out of the furnace, and its outer 

end is gripped by the attachment of the draw-bench 


According to one’ 





which connects it to the moving chain. As soon as 
the part which is raised to a welding heat is being 
delivered from the furnace the tube is embraced, 
close to the furnace mouth, by a pair of toyn-eneee 
between the jaws of which it is thus pulled, 
drawing process closing the weld. The tube is then 
turned end for end, and the remaining part of its 
length similarly welded. Three passes are made 
through the draw-tongs to make the weld. 

After having been welded, the tubes are rolled 
between a flat table or anvil and a heavy flat plate 
above it, this upper plate being moved to and fro 
by a crank and connecting-rod. The upper or 
moving table is arranged to tip somewhat at one end 
of its stroke, so that an opening may be formed for 
the introduction of tubes below it. While in this 
department of the works the visitors had an oppor- 
tunity of seeing the coiling of a tube over 400 ft. 
long, which was being wound into a heating coil 
about 4 ft. in diameter. ‘The whole length of over 
400 ft. was made of tubes welded up end to end so 
as to make one solid piece, and the long tube thus 
obtained was heated in a specially arranged furnace 
in lengths of about 20 ft. at a time, the cold tube 
entering one end of the furnace, and the heated 
tube being wound upon a mandrel as it issued from 
the other end, Messrs. James Russell and Sons 
make a specialty of coils of this kind, and examples 
of all shapes and sizes were to be seen about the 
works. The tubes used for these coils are carefully 
tested, both before and after coiling, the bending of 
the tubes to form the coils imposing a severe strain 
upon the weld. 

The lap-welded tubes, like those which are butt- 
welded, are formed from flat ‘‘skelps,” these being 
(with an exception to which we shall allude presently) 
bent in “crocodiles.” The department of the works 
devoted to the making of lap-welded tubes is pro- 
vided with a number of these ‘‘ crocodiles” of all 
sizes, the tubes of this class being made of large 
diameters, In fact the firm exhibited at the Royal 
Agricultural Show a lap-welded “tube,” about 5 ft. 
in diameter, but this may of course be regarded as a 
somewhat special production, partaking more of the 
nature of welded boiler work. After being bent to a 
roughly tubular form in the “crocodile” the lap- 
welded tubes are heated in furnaces, each of which 
has in front of it a pair of deeply-grooved rolls, the 
pair of grooves, in fact, forming a circle when the 
rolls are together. Resting between the rolls is a long 
mandrel having a loose point or head of slightly 
greatly diameter than the mandrel itself. ‘The tube 
raised to a welding heat is drawn out of the furnace 
and entered between the rolls, it being supported 
internally by the head of the mandrel. ‘The weld is 
thus effected by compression between the rolls and 
the mandrel head, the tube being delivered on to the 
mandrel as it leaves the rolls. When the tube has 
passed completely on to the mandrel the head falls 
off, allowing the mandrel to be readily withdrawn. 
The rolls are assisted in forcing the tube forward by 
blows delivered on the end of the mandrel, The 
operation is a very rapid one, and occupies far less 
time than it takes to describe it. 

While in this department of the works the visitors 
were shown the welding of a tube about 14 in. in 
diameter, and its subsequent straightening. In the 
case of the smaller tubes the straightening is 
effected by passing them through one of Mr. James 
Robertson's ingenious bar-straightening machines, 
but in the case of larger tubes, such as that of 
which we are speaking, a different plan is adopted, 
the machine used resembling a set of plate-bending 
rolls, except that the rolls are of unusual length, 
and that they are all geared together, The tube to 
be straightened is laid longitudinally while hot in the 
hollow between the two lower rolls, and the upper roll 
is then screwed down so as to press upon it. The rota- 
tion of the rolls causes the tube also to rotate, and it, 
is thus gradually straightened, the top roll being 
screwed down as the straightening goes on. The 
process, in addition to straightening the tube, 
slightly reduces its diameter by upsetting the metal. 
Close to the straightening machine just mentioned 
the manufacture of steel tubes was going on, the 
processes being the same as for the iron tubes, but 
mee care and skill being required to secure good 
welds. 

We have said that there was an exception to the 
above described method of making lap-welded tubes, 
and this consists in the employment of an arrange- 
ment of draw-bench p in front of the furnaces 
in which the skelps are heated, these skelps being 
drawn through adie, which bends them into shape 
and makes the weld in one operation. ‘The arrange- 





ment is ingenious and appears to do its work well ; 
it is, however, more especially applicable to the 
smaller sized tubes only, as the expense of the plant 
for the numerous sizes of large tubes would be very 
eat. 

orThe testing of the tubes is effected in a special 
department, the steam tubes being tested by 
hydraulic pressure, and the gas tubes by steam at 
50 Ib. pressure. Of the departments where elbows, 
&c., are made, and of those where the tapping and 
screwing of the tubes and fittings is carried on, we 
have not space to speak, but we may mention that 
quite an important branch of Messrs, J. Russell 
and Sons’ business is the manufacture of taps and 
stocks and dies which are sent out with tubes, while 
a number of machines are employed in the manufac- 
ture of brass cocks, valves, and pipe fittings gene- 
rally. We may add, too, that the furnaces through- 
out the works are all gas furnaces, the gas being 
supplied from a set of Siemens’ gas producers. 

e have been compelled by the demands upon 
our space, to give but a general outline of the 
operations witnessed at Messrs. James Russell and 
Sons’ works, and we have only to add that after 

ing of an early lunch, which had been kindly 
provided by the firm, and listening to some music 
capitally played by a band composed of the men be- 
longing to the works, the visitors returned by special 
train to Birmingham, a stop being made on the way 
at Dudley Port station to pick up the members who 
had visited the limestone pits. 


Messrs, H, Mitwarp AND Sons’ NEEDLE WORKS. 


Arrived at Birmingham, a change was made into 
another special train, which had been engaged from 
the Midland Company, the train conveying the 
party to Redditch, where needle works were to be 
visited. Here, after partaking of a luncheon, 
to which they had been invited by Messrs. Henry 
Milward and Sons, they proceeded to visit the 
extensive needle works belonging to the firm. 
Messrs, Milward are amongst the oldest and largest 
needle manufacturers in the country, but their 
works, while they bear the stamp of long establish- 
ment, are fitted with the most modern appliances 
in use for needle making. To facilitate the under- 
standing of the various processes carried out, Messrs. 
Milward had thoughtfully had prepared, and litho- 
graphed for the use of the visitors, plans of the dif- 
ferent floors of the mills, with references explaining 
the operations in each room, Armed with these plans, 
and with free leave to go where they liked and ask 
what questions they pleased, the members had every 
opportunity afforded them of following out the 
manufacture of needles thoroughly. 

The steel wire from which the sewing needles are 
made varies from ytsin. to vin. in diameter, and 
it is brought to the mills in coils of from 3000 yards 
to 1200 yards in length, according to its thickness. 
Wire of larger diameter is also used for packing 
needles, the larger sizes of fish-hooks, &c. The 
manufacture of fish-hooks is one of the branches of 
Messrs. Milward’s business, and the processes be- 
longing to it were amongst the first which the visi. 
tors inspected. We may therefore say a few words 
concerning them before dealing with the manufac- 
ture of needles proper. The fish-hooks are made by 
a series of hand processes, The wire is first cut to 
length, and then by means of a kind of lever knife 
the barb is cut at the proper distance from one end. 
Next the part beyond the barb is pointed by filing, 
each wire being filed separately. Then comes the 
bending to shape, this being also a hand process, 
and the wire being bent round a centre or core of the 
proper form ; while, lastly, the shank of the hook is 

ttened at the end to give a hold to the whipping 
by which it is secured to the line or gut. This flat- 
tening of the end is effected in a foot-worked stamp- 
ing press, and the hook is then ready for hardeniug 
and tempering. 

To return, however, to the manufacture of needles. 
The first process is to cut the wire into pieces, each 
of a length sufficient to form two needles. For the 
most part this cutting of the wire is done in bundles 
by hand shears, but self-acting machines are being 
introduced which cut off the lengths separately. 
These machines are, we believe, of German* make, 
and include some ingenious mechanical movements. 
Their performances, however, as the ac- 
curacy with which the wire is cut into lengths, 
appears much inferior to that of the machines used 


* It may be mentioned here that Redditch in England, 
and Aix-la-Chapelle in Germany, are the two bmg seats 
of the needle manufacture, but comparatively few needles 
being made elsewhere. : 
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for making ‘‘cards” for cotton machinery, which 
the members of the Institution had the opportunity 


of seeing at work last year at Manchester. 


After being cut into lengths the wire is annealed, 
the cut lengths being packed in bundles, each bundle 
being held together by a couple of iron rings from 
When taken from the 
annealing furnace the bundles of wires, still held by 
the rings, are placed on an iron table; and a flat iron 
bar slightly curved in the direction of its car ag 

back- 


3in. to5 in. in diameter. 


laid on them between the rings, and¥ 
wards and forwards by both hands. ‘The 
this is to cause the bundles of cut wires to” 
and thus straighten each other, the effect 


straightening showing itself in the reduced bulk GF 


the bundles. The rolling is continued until 
feel the operator knows that the ‘requisite i 
ness has been obtained. be SA i 


The next process is the pointing of the wires, an 
one. 


operation which was formerly’a very 
Thanks, however, to the use of efficient exhaustin 
fans, which take away the steel dust’as it is form: 


and to other appliances, this state of affairs has been 
quite altered. The stones used are of a special 
quality, obtained from Frankfort,‘and they are con- | ¢ 
cave on the face. Formerly the wires were applied 
to the stones by hand, but. they are now carried 
across the face by being introduced betweén a con- 

india-rabber, and a wheel |. 


cave face, covered with 

similarly covered. This w! 
right angles to the plané* of 
radius corresponding to that of 
face of the latter, and by its’ 








wires ually across the stone, the wires on their 

sane nar the coneave india-rubber bed, and Hin 
presenting all sides to the grindstone, ‘One end’ of 
is way, they-are turned 
end for end and operated’ upon @ ‘second ‘time to | are 


the wires being pointed in 


point the other end. 


Next, by means of drop presses worked by the/ r 
foot, the gutters for the eyes are formed at the 
centre of the lengths of wires, the heads of the two 
needles into which each wire is ultimately divided 
being at the same time formed, and the position of 
the eyes indicated. Another stamping process, car- 
y hand, punches 
the eyes, thisoperation being called ‘*piercing.” Inthe 
departmentin which this is carried out, the visitors had 
also the opportunity of inspecting the mode of mak- 
ing the punches and dies, the manufacture of these 
requiring, as may be supposed, considerable skill 


ried out in screw presses worked 


and delicate workmanship. 


The wires after being pierced are ‘‘spitted,” a 
number together, upon a pair of fine wires, and they 
are then filed to remove the burr left in stamping 
the heads. In this process of stamping the centre of 
each length of wire is pressed into athin fin between 
the heads, and the next operation consists in break- 
ing them through this fin, thus dividing each — 

ac 
ese bundles of needles is then placed in a vice 
and the heads rounded by filing, this process being 
termed ‘‘ heading.” In filing the heads to shape, special 
care has to be taken not to weaken the eyes, and 


of spitted wires into two bundles of needles. 
of 


the files used are’ exceédirgly fine. ’ 


The needles are now ready for hardening, this 


being effected by heating them in small trays and 
dropping them into oil, care being taken that when 
so dropped the needles are separated so that each 
may be hardened. Next comes the tempering pro- 
cess, the needles being heated to the required tem- 
perature on a hot plate or in a stove, and this done 
they undergo a * hinhener straightening” by hand 
on small anvils. 

The next process, ‘‘ scouring,” is not carried out 
at the central works, visited by the members of the 
Institution, but at the Washford Mills, some three 
miles distant. It consists, however, in making a 
roll of needles mixed with soft-soap, emery, and oil, 
and wrapping them in strips of canvas tied up at 
the ends. The rolls thus formed are about 3 in. in 
diameter and 2ft. in length, and they are rolied 
backwards and forwards under runners driven by 
cranks worked by the engine; the process being 
continued for eight hours. During this operation 
the needles polish each other by mutual attrition, 
and the process is repeated from two to eight times 
according to the quality of the needles to be pro- 
duced. After each scouring the needles are washed 
in soap-suds, and the scouring material used is 
varied, the final scouring being with putty powder. 

The scoured needles are’ of. course in a mixed 
mass, and the next operation consists in arranging 
them properly and putting the points all in one 
direction. Owing to differences in the grinding, 

















&e., needles made from wires which are nominally 
the same length differ somewhat in length when 
finished, and it is at this stage that the different 
lengths are separated. For this” thé needles 
are laid in long heaps, and by patting these heaps 
gently between the palms of the hands, the longest 
needles are felt and lifted out. Going over the 
heaps again in a similar way, the next longest 
needles are selected, and so on, seven sizes of 
neédles being sometimes thus obtained from ‘heaps 
containing needles made from one length of wire 
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ek eth ne 
Having been; 
a numberof 


Ta 






n one direction! ‘To effect this 
§ are laid upon a’ table, and a 





right-hand forefinger, this finger’ 
gions The ef at 
to the right enter the material Wrapped ‘round 








sides presented to thé drills “in 
a similar way. The rapidity with which this opera- 
tion is performed is extraordinary, an average worker 
drilling 20,000 needles per day, whilesome do 24,000, 
As there are two “ drillings ” for each needle, each 
operator thus performs from 5000 to 6000 appli- 
cations of needles to the drill per hour, or an average 
of from 80 to 100 per minute. Another process for 
finishing the eyes consists in stringing the needles on 
wires, which are stretched between supports on a 
table, which receives a to-and-fro movement from 
a crank. The wires on which the needles are 
strung are roughened by a file, and the table can 
be turned round so as to cause the needles to os- 
cillate in different directions, this vibration on the 
wire smoothing the eyes. 

We now come to the finishing processes, namely, 
the final grinding, on small grindstones running at 
a very high speed, for finishing the heads and 
points, and a subsequent process of polishing, in 
which emery buff rollers are substituted for the 
grindstones. In both these operations the needles 
are held between the finger and thumb of the 
operator, and rolled over the surface of the stone or 
emery wheel, Mire the needles are counted and 
packed in papers and boxes forsale, this packing em- 
ploying a number of hands, and involving the 
employment of many appliances for getting through 
the work quickly and economically. 

We should state that before taking leave of 
Redditch and needle-making, that in addition to 
Messrs. Henry Milward and Sons’ works, those of 
Messrs, Samuel Thomas and Sons were also thrown 
open toinspection. The time at our disposal, how- 
ever, did not permit of our visiting them. 


With the excursion to Redditch the Birmingham 
meeting of the Institution of Mechanical Engineers 
practically ended, for though on the succeeding day 
(Saturday) the Corporation Sewage Works and 
Water Works were open to inspection, yet compara- 
tively few members paid them a visit. The works, 
however, are of considerable interest, and we may 
hereafter have something to say concerning them, 
It will be seen from what we have already stated that 
the meeting was certainly a most successful one as 
regarded ‘the arrangements for visiting works, &c., 
was concerned, but it was to be regretted that at 
some of the excursions the attendance, owing to the 
members visiting the Royal Agricultural Society's 
Show, fell much below that which was anticipated. 
For the excellence of the arrangements during the 
various visits much credit was due to the local com- 
mittee, and to the secretary of the Institution, Mr. 
W. P. Marshall, while especially Mr, Marshall's 








piece of woollen material being wrapped round the} 
is ed against 
effect is that those whose points |» 


the various stages of each.day’s programme, con- 
tributed in no small degree to the comfort ‘of all 
concerned, 





WATER WORKS, ANCIENT AND 
MODERN.* 
By E. H. bn van 

Continued page 28.) 

® to pass on to actual works 
i; with your permission, abandon 
ical method bey ag order to 
odern © 1 | according to their 
supply. “We'ean divide them into three 
of which I have al- 
in, may be subdivided 
SBprings are received 
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when greater or less 
igor pipes of porous 
ound; which then unite in 





































"ing 
pady Said’ so much. These; 
into two} ‘viz. (@) when 
' in ‘ y iT at 

oqeal vot ar thd 


















































. engineers 
fully applied to many towns in Germany, it pre- 
the great disadvan which even an outsider 
‘at.once understand, that the level of the under- 
lying water may be, and o is, permanently 
d by_ its edoptiea 80 that when once the 
pea say, thoroughly drained, the 

: strata generally falls 
of previous gaugings. 







Thus the Dantzie Water W at first supplied 
450,000 cubic feet a day regularly ; they now nts 
sionally the supply falls to 


_or group rings, is therefore 
rred, if a , a8 by catching 

ip no al on is made in the hydrostatic con- 
tion of the surrounding country. In this respect 
Vienna has again a great advantage. For while in 
most towns it is a matter of difficulty to find any 
springs at all, delivering a sufficient quantity of 
water with any regularity, the supply in the more 
distant environs of Vienna is so considerable, that it 
was only a question which of many springs should be 
tapped. The difficulty above alluded to, however, 
has led to the adoption of the— 

_ Second great method of supply, viz., that from 
rivers. The water may be taken either directly 
from the stream or from wells sunk in its banks. 
This system is the more plausible, as the supply can 
generally be increased at will, and the river often 
furnishes the motive power to raise the water. Of 
course the first cost is far below that of a spring- 
water supply. No long aqueduct or main is re- 
quired, and the choice of the station is much less 
circumscribed than in the case of springs, In 
modern times the water is filtered; it is generally 
soft, and has therefore considerable advantages over 
most spring water for cooking, household, and manu- 
facturing purposes. On the other hand it is seldom 
free from organic and other impurities in solution, 
which of course cannot be removed by-filtering. . Its 
temperature changes with the seasons, and in the case 
of direct pumping the motive power may frequent! 
be interrupted by ice; nay, the water supply it 
may be stopped altogether in severe climates, Water 
power has therefore been abandoned in favour of 
steam pumping, which is now universally adopted. 
But it must not be forgotten that, if the first cost is 
considerably less than in the casé of spring water 
supply, that of maintenance is much greater. Not 
only do the pumping engines entail a constant éx- 
penditure for fuel and attendance, but they must 
ulso be renewed after a series of years, and resérve 
power must always be available in case of accident, 
Gravity is cheaper than steam. But a still more 
serious objection is the guality of the water,’ Towns 
have lately extended to such a degree within a short 
space of years, that pumping stations which were 
formerly quite remote from human habitation, far - 
above the mouth of the first sewer, and ‘ d to 
no pollution, are now surrounded by houses, and can 
supply nothing but seriously contaminated water. 
In such ‘cases the station becomes useless and 
dangerous, and must be removed elsewhere to the © 
great cost and inconvenience of the lg ita 
Water out of navigable streams is invariably ex- 
gous to constant pollution of the most. subtle and 

gerous description, The water of the Vistula, 


* wet momen yee delivered at the Austrian Institution 
of Engineers and Architects, December, 1875, and January. 











efforts to secure punctuality in the carrying out of 





1876. These papers now appear in print for the first time. 
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for instance, is supposed to have conveyed the 
cholera from Poland to Dantzic. Bargees and long- 
shore men do not represent the cleanest part of the 
population: I should like, therefore, to see water 
supply from navigable rivers completely and abso- 
lutely condemned, 

In the case of spring water, the only precaution 
necessary is to secure the ground in its immediate 
vicinity —then, no pollution need be feared. This 
operation is generally easy, as property in hilly 
countries is less valuable than that on the banks of 
rivers, nor need the area purchased be so large. In 
the one case, no precautions and no purchase of 
property, however extensive, can secure the water 
against pollution ; in the other, this security can be 
obtained at a comparatively moderate cost. I may 
here mention the Bresden ater Works, which have 
just been compieted by the well-known engineer, 
Mr. Salbach, as an example of the best that can be 
done with a river-water supply. 

The ¢hird method lies between the two others. It 
is the favourite and well-known English plan (also 
adopted in the South of France), of closing a valley 
by an embankment, thus forming an artificial lake, 
and storing the water for future use. From this 
point a main, conduit, or aqueduct carries the water 
to a distributing reservoir in the same way as in the 
case of springs This system has some decided ad- 
vantages. It is based on the correct principle on 
which Be d and other writers on sanitary sub- 
jects have laid much stress, that there must always 
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be too much water for there to be enough. This 
principle does not imply that waste is necessary ; it 
only expresses in a few words that there should al- 
ways be a very l-rge margin of supply over and 
above all calculations based on averages to provide 
for droughts, fires, flushing the sewers during epi- 
demics, and other contingencies. I need hardl 

say that, by the English system, all the water fall- 
ing on a certain area is employed for useful purposes, 
except the portion which necessarily evaporates or 
percolates into the ground. The supply, therefore, 
no longer depends on one single spring, but on the 
rainfall over a more or less extensive district, and an 
immense reserve being established, the water supply 
to the city can be kept up regularly even during 
periods of prolonged drought. The reservoirs are 
therefore constructed with a capacity of from 150 
to 250 days’ supply, and the embankments attain an 
immense height. Thus, the bank of the Yarrow 
reservoir is 80 ft. high, and many others exceed 
these dimensions. The well-known Dale Dyke Dam, 
near Sheffield, which burst on the 1]th of March, 
1864. was 95 ft. in height. This accident has caused 
the English principles of embankment to be entirely 
neglected on the greater part of the Continent; yet 
the many causes which contributed to it are suffi- 
ciently well known to prove that all fears for the 
safety of a well-constructed dam are perfectl 

groundless. No doubt the puddle core of the cou 
was originally too weak ; then the bank itself was 
not brought up in stamped layers, but partly tipped ; 
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the ground all about was liable to landslips, and the 
fact of the discharge pipes being laid through the 
embankment caused unequal settlement. All these 
causes can be avoided by careful design and execu- 
tion, and no English engineer would dream of 
abandoning the sound principle of collecting the 
water of drainage areas on account of this accident 
or the one at Bradford. The precautions now adopted 
are, firstly, to carry the puddle bya deep trench 
down to a completely impermeable stratum ; to in- 
crease the thickness of the puddle itself; to bring 
up the bank in carefully stamped layers, slightly 
inclining towards the centre; to lay the discharge 
ipes in a cutting or tunnel round the end of the 
ae instead of through it; finally, to provide a 
bye-wash, so that in case of repairs the water de- 
scending from the drai area may be at once 
turned into the waste weir, instead of filling the 
reservoir. 

One of the finest applications of the system of 
catch-water reservoirs is exemplified in the works 
—- completed for the supply of Liverpool. Here 
the drainage area is 10,000 acres, and the total area 
of the seven magnificent reservoirs constructed is 
no less than 610 acres, containing 4268 million 
gallons. This gigantic undertaking, which has pro- 
vided Liverpool with a water supply second to none 
in the kingdom, and has had a most beneficial 
effect on the bills of mortality, should be co — 
and satisfactory proof of the perfect safety wi 
which the system can be adopted if ordinary pre- 
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FEED-WATER HEATER AND BOILER AT THE PHILADELPHIA EXHIBITION. 


Fig 23. 
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cautions are used, And although it is fortunately 
not necessary for the Austrian towns south of the 
Danube, where the snowy Alps with their glaciers 
supply a sufficient number of pure springs, I have 
no doubt it might frequently be applied with ad- 
vantage in the undulating portions of Germany 
proper, and even in the hills of Bohemia and 

foravia. There appears to have been so much 
difficulty in finding sufficiently reliable springs for 
the water supply of many German towns, and the 
advocates of river water, which is liable to pollution, 





have so often gained the upper hand in consequence, 
that I cannot sufficiently recommend the English 
system to German engineers as being one in many 
cases thoroughly applicable to their orem’ & Nor 
is it used in England alone. The justly celebrated 
reservoir of the Furens, near St. Etienne in France, 
is closed by a masonry dam no less than 162 ft. in 
height, which serves the double purpose of collecting a 
water supply for the town, and of moderating the 
violent floods of the mountain torrent on which it is 





afraid of earthen embankments, let them construct 
masonry dams like those of St. Etienne and St. 
Chamond. 

The method of bringing the water into the town 
from the reservoirs, lakes, or springs is different in 
England to that used on the Continent. A small 
length only of the Liverpool and Glasgow mains 
consists of tunnels in which the water runs without 
the intervention of pipes. In France and the largest 
cities of the Continent masonry conduits or aque- 
ducts are preferred ; in England, on the contrary, 
cast-iron pipes are invariably used. This is of course 
a mere question of economy. In many parts of the 
Continent cast-iron is comparatively dear; there 
are no skilled pipe-layers at hand, and the carriage 
of pipes over rough country roads in remote valleys 
is expensive and dangerous. On the other hand, 
both materials and workmanship for masonry are 
generally cheaper than in England, rough stone is 
plentiful, and good hydraulic limes are now produced 
almost everywhere. It is therefore natural that 
when the dimensions which would be necessary for 
pipes are considerable, an aqueduct of masonry is 
preferred ; the limit at which the cost of the two is 
equal varies very much we. to the locality, 
the facilities of transport, and the materials and 
labour available ; no fixed rule can therefore be given, 
but it may stated, subject to correction, that under 
24 in, diameter pipes are almost always cheaper 
than masonry conduits. I find the limit at Vienna 
to have been about 33 in., ¢¢, had the quantity 
of water not exceeded that passing Seco a 33-in. 
pipe at the given gradients it ve been 
cheaper to lay pi But as it is;he water would 
have required 36-in. to 39-in. pipes, and an aqueduct 
was therefore preferred ; the question of crossing the 
valleys by inverted siphons being of course quite 
another matter independent of this, and vi g 
enormously, according to the depth and width of 
the valley to be crossed. 

(To be continued.) 





BOILERS AT THE PHILADELPHIA 
EXHIBITION.—No. II. 

THE construction of the boiler exhibited by Messrs. 
Babcox and Wilcox is clearly shown in Fig. 19. It 
consists of a series of inclined tubes, connected at 
both ends, and communicating with a horizontal 
nag og water and steam ber at the top. 

he feed and blow-off pipe is shown in section be- 
neath the lower end of the tubes. Between the top 
of the section and the cylindrical chamber is an in- 
clined deflecting arch, which diverts the heated-pro- 
ducts of combustion, and forces them to down- 
wards between the tubes on their way to the uptake, 
We may mention, in passing, the exhibit of a fifty- 
horse power Howard boiler, manufactured at 
McKey’s Port, Pa., and of a Roots boiler, the con- 
struction of both of which has been already fully 
described in this journal. Figs. 20 and 21 show 
a boiler constructed by the Exeter Machine Works, 
New Hampshire, It consists of a number of 
hollow cast-iron slabs or chambers of the form 





placed, If my German colleagues therefore are 


shown in Fig, 21, from which it will be seen that there 
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are two such slabs in the width of the boiler, and that 
in each there are twelve narrow openings for 
the, of the heat,: is a central: space 
left een them, but they are supported at two 
dle as — Longitudinally these chambers 

rt, as seen in Fig. 20. There are 
in in the pe reiler ochited, 27 of these sections, con- 
nected at top and bottom by horizontal pipes outside 
the brickwork. These piprs are made in three 
lengths, each combining nine sets of chambers. The 
feed water is introduced at the bottom, and the 
steam is led off at three points to the wrought-iron 
drum which lies on the top of the boiler, 

The Smith boiler from East Boston, Mass., 
is of tubular construction, with a cast-iron hollow 
furnace bridge, through which the water circulates, 
and is heated on its way to the boiler ; vertical rows 
of tubes connected with the latter are also on 
each side of the furnace. 

Messrs. Low and Watson, of Bridgeport, Conn., 
exhibit a tubular boiler, with a combustion chamber 
in front of the tubes. The gases from the furnace 
beneath up through two openings into the com- 
bustion 
tubes, are directed downward, and pass along under 
the boiler to about the centre of its SS length, where 
they rise around the steam chamber before entering | p 
the uptake. 

Kelly’s sectional boiler, of which we illustrated 
and described a somewhat modified arrangement on 
ot a apr nineteenth volume, isshown in Fig. 26. 

will be seen to consist of seven inclined tubular 
sections, connected at the front end by vertical 
trunks, at the top of which is a horizontal steam 
drum. A supe tube in each section projects 
from the cast-iron tru as shown. The arrange- 
ment of feed and blow-off pipes will be seen from 
the drawings. At the back of the boiler is a sup- 
plementary 
cylinder, with a separate feed inlet, the steam pipe 
connecting with the steam drum, and another lead- 
ing down to the blow-off... These boilers are all in 
houses Nos. 3 and 4. 
— ean give but scanty information about the 
Corliss boilers, which occupy a house to themselves. 
‘They are vertical, twenty in number, and each. 14 ft. 
high, 4ft, in diameter, and containing 48 tubes 
2? in. in diameter, which run from end to end. The 
boilers are supported upon short iron trunks or 
trunnions a to the outer shell, end resting. on 
the brickwork. The heat passes from the furnace 
below around the lower half of; the boiler and 
through the tubes; at the top it is deflected and 
—_ the upper "half of the. boiler on its way to 
the wu 

Some of the boilers we have noticed have their feed 
water heated by a Stillwell and Bierce apparatus 
10 ft. mavens 4 ft. in diameter, with seven corru- 
gated diaphragms or shelves. The lower part of the 
heater is filled with hay to act ag a filter, the outlet 
being at the level of the top of this filling. The 
exhaust steam enters the heater at two points, one at 
the top, meeting the water near the point where it 
overflows the receiver from the inlet, yo the other 
at the bottom shelf, where it strikes as the water 
falls to the filter. The exhaust pipeis placed in the 
middle of the top of the heater, oadipnmuapeitiannah 
the roof, We illustrate by Figs. 23, 24, and 25 a 
second form of heater, also used for some other 
boilers, and which works with exeellent results. It 
was designed by Mr, L. D. Norton, the superintendent 
of steam generators at the Exhibition, and who, we 
may mention, has for man ay ew 3 occupied the same 
position at the Industrial ibition of Cincinnati. 

It consists of a cylindrical ht-iron chamber, 
4 ft. in diameter and 9 ft. long, containing a fiat 
shelf placed } ft. 3 in. below the top of the cylinder, 
and 12 in, wide by 7 ft. 11 in. long. This shelf is 
- — on three angie-irons rivetted to the side 

linder; the are turned up all round 
tor a te ght of ‘Sin. +» 88 shown, The water inlet 
— of ate 4 in. in diameter, g through | 12. 
the chamber, and entering the shelf 
ph ae beer the chamber is a g valve | can 
for determining the level of the water. It is of the 
form shown, and containsa double valve, controlled 
by a float. The exhaust steam enters through two 
6 in. pipes, and the escape is formed by an § in. 
tube in the top of the chamber. At the bottom is 
we yo 3 ge = in diameter. The 
ition gauges, manholes, &c., are clear] 
hewn in the @otwine. 7 | abe 





Tur Lacutne CANAt. have been com- 
menced for the enlargement of the Lachine Canal. 


ba, and after travelling through the | ann 


enerator, consisting of a horizontal | being 





LOCOMOTIVE AT THE PHILADELPHIA 
EXHIBITION. 


Wx give this week a two-page engraving, as well as other 
views, on pages 98 and 99 of a passenger locomotive for the 
Central Railroad of New Jersey, which is exhibited at the 
Philadelphia Exhibition by the builders, Messrs. Burnham, 
Parry, Williams, and Co., of the Baldwin Locomotive Works, 
Philadelphia. The principal dimensions of this engine are 
om on our two-page sheet, but we postpone giving any 

her dimensions of the engine until we publish engrav- 
ings of various details which we have in preparation. 


THE INSTITUTION OF CIVIL ENGINEERS. 
Sussects ror Pargers.—Szssion 1876-77. 
Tx Council of the Institution of Civil Engineers invite 





communications, a a complete and comprehensive cha- | ; 


racter, on any of the subjects included in the following list, 

as well as on other —|~— OT questions. Rs: approved 

original communications, r out he 

award premiums, ou special funds mea 
ike particalar 


a nee , t of which - as 
The Telfo rd Fund, given “ in trust, the interest to be 


eeeitel i in canal premiums, under the direction of the 
Council.” This te, (with accumulations of dividends) 
now ces nearly 2601. annually. 
a Manby Donation, oo “to form a ye ape - 
premium or premiums for papers read a‘ mee 
»”” of the og ae 101. a year, 
- . The a p _ boqaeatid by by ¢ the testator, “for 
e P of forming a fund for iums or 
ao he students of the said FTnstitution, upon the 
Lar le of the ‘Telford Fund.’ This fand (with accu- 
mulations of dividends) now realises about 1701. per annum. 
Out of this fund the Council have determined to establish a 
series of scholarships,—to be called ‘‘ The Milles Scholar- 
ships of the Institution of Civil for papers 
from students, and to award one such scholarship, not 
os 401. in value, each year, and tenable for three 


"4, The owed ee pon the testator to be 
app **for the purpose of presen’ @ prize 
or medal to the author of a treatise on any of the uses or 
properties of iron, or to the inventor of some new and 
valuable process relati , such author or inventor 
a member, graduate, or associate of the said Insti- 
tution.” The annual income amounts to rather more than 
161. It is proposed to award this prize every five years, 
commencing in 1877. 

The Council will not, in any case, make an award unless 
a communication of adequate merit is received ; but, on 
the other hand, more than one premium will be given, if 
~~ are several d Coane memoirs on the same x 

the adjudication of the premiums no be 
a ye pee tn af tes on anneaiahe, 
or a student of the Institution (except in the cases of the 
Miller and the Howard bequests, which are limited by the 
donors), or from any other person, whether a native ora 


foreigner. 


1. On the Flow of Fluids, liga and gaseo' 

2. On Portable Apparatus or Genes ¢ the Materials, 
and for the Expeditious Mixing of large quantities, of Port- 

.*% Cement Concrete. 

On the Value and Strength of the different Materials 
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the Application of Steam Mac’ for ai 
“2 sod the Costas compared with Hand La ur. 
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Steel of various qualities ; on the effect of the Admixture of 
Foreign Substances ; and on the Experimental Tests by 
which tl the Ng mh be ascertained. 

7. On the Prosess of Fo by Steam Hammers and 
other Percussive Machinery, and by the Hydraulic Press. 

8. On the Effects of Toeasane on Cast Steel in the mould. 

9. On the Results of Experience in the recent Extended 
Use of Steel in Mechanism and in Works of Construction. 

10. On the Alteration in the Condition of Metals caused 
by use or wear. 

11. On the best Mode of Uniting Steel and other Metals 
employed in Construction and in Boiler Work, —L— on the 
Effect of the ve of Pussiiee, Drilling, and Rivet- 
ting on such Metals. 

12. On the Construction of gg eran and other build- 

for storing Goods, with the rs ial View of 
Tee. and on the relative Merits of B Brickwork, Iron, 
Timber for that object. 

13. oS — Constr ~~ s Street bee the best 
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and goods, | 
other carriages travelli 

14. On Modern Me 
of Bri 


preventing injury and inconvenience to 
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15. On the Design, 
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for Railway traffic. ‘ estate: 
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16. aon Comparetive Merits of European and Ameri- 
My ht [ron pace Pasig 


\ eae oly = a Description 
of the requisite external and internal arrangements, with 
recent practical examples. 

19. Pereussive and other Dock Drills. 

mo On the Appliances and Methods used for Tunnel 
ving, Rock-boring, and Blasting, or country and 
abroad, wth details of the cont and of & eg age wt mgr 

Rolling Stock Capacity in relation to 
dead weight of the vehicles, a 
22. On the best Mode of Testing Iron and Steel Rails for 

Railways. 





y of Towns, including a descrip- 
Serta’ eotge cliguerepicionm Peckiontal 
‘the-various incidental 
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ractical results 
or a On Constant Service of by Su; 
cial’ reference to its in to the 
substitution for the Intermittent Syst 

with Sewage, either 


“ft any Teak, Water Channel, Tidal River, 
or pt —accompanied by plans and longitudinal and 
cross sections of the same, at various patet, showing the 
alterations in its condition,—including notices of any 
works that may have been executed upon it, and of the effect 
of the works. 

27. On the relative Value of Upland and of Tidal Waters 
in maintaining rivers, estuaries, and harbours. 
98. On the different Systems of River and Canal Tow- 


29. On Improvements in the Construction of Furnaces 
and on Combustion. 

30. a WY the Construction of Steam Boilers adapted for 

—_ High Pressures. 
31. | the best practical Use of Steam in Steam Engines, 
and 0: sation he effects of the various modes of producing Con- 
“On the Results of Experiments on Steam Jacketting. 
. On the Modern Construction of Marine Engines, 
havi reference to Economy of the yy ge by 
Super’ , Surface Condensation, High ure, great 
es, or 


Expansion, 

$4. On the Construction of Portable Steam Engin 
other Motors, of very light weight, suitable for light boats, 
= machines, on Condensing with Air 

. On the relative Cost of the See of of Coal by 
Rail ‘and "to diminish and on the best mode of loading and 

36. On the various descriptions of Pumps employed for 
a or Sewage, and their relative efficten ency. 

37 the employment of Wind or Water as a Motive 
Power, their tive advan vantages com- 
pared with Steam Power, and Motors most suitable for 
= in the best manner. 

the Use of Gas as a Motor. 

39, On the best Methods of Removing Grain in bulk from 
a Ship to a Warehouse, for distributing in the Warehouse, 
one. ne ceaee meee in which Grain is stored in bulk. 

40. On the Manufacture of Mineral Oils, and the Lamps 
best adapted for their consumption in dwellings and light- 


— 
. On the ‘ Output’ of Coal in the United Kingdom, as 
compared with that es other countries, illustrated by statis- 
tables, plans, and , showing where Coal is 
— where and how it is consumed. 
. On the hinery applied at, 4 
Coat Mi Mines ao ae for anaes with a notice of the 
indicated) ted) b “tore so of deep ——— 
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cx o ed (or Ventilation and Working of Railway Tunnels 


“Zz eon Comp Air as a Motive Power, particularly 
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BeLgian Brivez Burtpine.—MM. Bellefroid and 
Lévéque, fim, Lng completed a 1000 ft. in 
» and weighing tons, for an _Tailway 
company. The bridge, which has been three 
months, is to be erected at Fontaniva. 
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LOCOMOTIVE FOR THE CENTRAL RAILWAY OF yp, 


CONSTRUCTED AT THE BALDWIN 
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CYLINDERs : 

Diameter 
Stroke of piston 
Length of steam ports 
Width » is 

» of exhaust ports 
Travel of valve . e 
Outside lap of valves 
Inside = a 


WHEELS :—continued. 
Distance between centres of front and rear 
driving wheels . . : . 
Total wheel base of locomotive 
- - - and tender 
Diameter of driving axle journals . 
Length » *s 
Diameter of main crank-pin bearing . 
Length ” 9 ” 
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Exhaust nozzle—single. || Bomer: 
WHEELs ; | Outside diameter of smallest ring of boiler. . 


Diameter of driving wheels. , . : ‘ Thickness of boiler plate (steel) . 
- truck wheels . F ‘ es Number of tubes ‘ ‘ ‘ 163 
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NEW JERSEY, AT THE PHILADELPHIA EXHIBITION. 


TIVE WORKS, PHILADELPHIA, U.S.A. 


see Page 104 ) 


Scale in Feet. 
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a Fig. 1. 




















Boer :—continued. 
Length * : ‘ 
Outside diameter of tubes . 
Length of firebox inside 
WR gir ng Me ars ae 
Depth “ » (sloping) . 39—53 
Thickness of firebox plates (steel), side sheets 
» back sheet . 
» crown sheet 
» flue sheet . . ‘ ° 
Square feet of grate surface ba i 24 
» » heating surface in firebox 112 
yy “i s ‘a tubes 953 
Total square feet of heating surface . 1065 ° 








TENDER: 
Number of wheels 


Diameter _,, ‘ 

” tender-axle journals . 
Length ” * 
Capacity of tank 


WEIGHT: 
Weight of engine in working order 
a at on driving wheels 


» of tender, empty : 


3t 
ee 
2200 gallons 


75,000 Ib. 
51,500 ,, 
20,500 ,, 
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THE THUNDERER EXPLOSION. 

Since Wednesday, the 26th ult., the engineers 
appointed by the coroner, by the Admiralty, and by 
the contractors respectively, to investigate the cause 
of the recent explosion on board H.M.S. Thunderer, 
have been continuously prosecuting their careful 
examination of all the safety valves and all the 
boilers in the two stokeholes of the. vessel. 
The Times, in the meanwhile, haying, on the 
22nd ult., published a report from thei Plymouth 
correspondent, that on the examination of the ex- 
ploded boiler it had been discovered that the metal 
plugs used to keep down the safety valves while the 
hydraulic test is applied had been unaccountably 
left in, again, on the 31st ult., announced that the 
safety valves liad been fastened down by wooden 
wedges when thé boilers were tested to double the 
working pressure a few days before the explosion, 
and that these wooden wedges had not been removed 
from the valves of the exploded boiler, The stop- 
valve on that boiler having also beén unaccountab 
not opened, the explosion was ‘satisfactorily enoug 
explained. We greatly regret to have to contradict 
these Times’ reports; the solution they present 
is so very simple, and the prevention of such a 
mistake in the future would be so very easy, that, 


if it had been true, we should consider the extent 


of the damage as limited to the Thunderer, and 
that the amerided discipline to prevent the pos- 
sibility of such a blunder being repeated would 
extend to all the fleet. There is, however, not 
only no foundation for the Times’ statement, but 
there are the clearest possible proofs that the safety 





valves were not wedged down, and that they had 
not in any way been tampered with. The cause of 
the explosion will, we fear, not be so easily arrived 
at; and the technical verdict, whatever it is, will 
not be based upon facts as tangible as those supplied 
by the Times’ reporter. 

The examination of the safety valves of the unex- 
ploded boiler shows that they are all in workable 
order when tested cold. The boilers are also bein, 
tested by hydraulic pressure one after the other, a 
the safety valves are not fastened down until the 
working pressure is reached. The old steam gauges 
are also left connected until the WOraNg DreNeUrR 
is reached. In every case the gauges have been 
found to be quite accurate and the valves have 
lifted exactly at the loaded pressure, about. 30 lb, 
per squareinch. They are then fastened down and 
the pressure is increased to 65 lb., and at 60 Ib. 
different | aye are carefully gauged on the parts 
corresponding to the destroyed parts of the ex- 
ploded boiler. Up to the time at which we are 
writing five boilers have been tested in this manner 
and the result is the same in them all; the safety 
valves are in efficient order as far as the cold hy- 
draulic test goes, and the boilers themselves show 
yery little yielding to the pressure, not more than 
about Jin. on the plate between some of the screwed 
stays, and that is wholly elastic bending, there being 
no permanent set shown as the effect of the testing 
when the pressure is taken off. 

If the contract test by hydraulic pressure is 
double the working pressure, the contractors have 
so far established that their boilers are according 
to contract, There are two more boilers to be 
tested ; one of these has been injured by the ex- 
plosion, and its safety valve chest is broken— 
it is the one opposite the exploded boiler, and 
it is probable that it will not be tested at present. 
The other one is a five-furnace boiler in the fore 
stokehole, and it shows at some of the uptake stays 
signs of having been, at some time, subjected to a 
ressure higher than the plate is capable of sustain- 
ing with safety. At one of the riveted stays in the 
uptake the plate has taken a set, being cupped @ in. 

e most critical point in this series of hydraulic 
tests will therefore be this rivetted stay fastening. 

We have already referred to the safety. valve 
chest of the exploded boiler, and described (vide 

e 59 ante) its condition after the explosion, so 
i as that could be ascertained by external ex- 
amination. The valve chest has been opened in 
the presence of the official inspectors only, The 
portion of the waste steam pipe which covered 
the outlet was first cut away to give a view of the 
inside of the chest. This outlet is at one end of 
the chest, just higher than the safety valve seat, and 
the valve nearest itis the non-easing valve. The 
outside view showed nothing of the state of this 
valve, the cap on the top of the spindle being in- 
tact, and the covering plate below the spindle also 
perfect. Through the waste steam opening the ex- 
aminers saw that the spindle of that valve was also 
broken, and the weights resting on the side of the 
chest. As the other valve spindle was through the 
cover 8 in. it was known from the first that it was 
broken. 

The covering plate was then removed from the 
opening below the valve spindle of the non-easing 
valve, and the stuffing box containing the easing screw 
was also removed from the corresponding opening 
below the other valve spindle. The valve chest was all 
this time-in the position in which it was found after 
the explosion, and the cover of the chest, uninjured, 
was still in its . The opening below the valves, 
now uncovered, permitted one of the inspectors to 

et his hand through to the valves at the under side, 
fre found that the valves were then not set fast; 

é could turn them round easily by his hand, they 
being detached from the spindles, The state of the 
yalves being now clearly ascertained, the coyer of 
po valve chest was next removed, to ascertain where 
he spindles had broken, and to examine the valves 
and seats: The valve chest parts at a flange con- 
taining the valve seats; that flange forms the bottom 
of the box which contains the weights. The cover 
was removed, and the upper section of the chest was 
also taken off, leaving the two valves in the bottom 
casting conveniently accessible for thorough exami- 
nation. The spindles are both broken close above 
the valves. The valves are of the three-feather de- 
scription, and the seats are indented by the edges 
of the feathers, There are three indentations in 
each, cor nding, almost exactly to the three 
feathers, e correspondence is, however, not 
quite complete. When two of the feathers are ap- 


plied to two of the marks, the third feather seems 
to be a little off the other mark; but as the valve 
seats are still in the cast-iron base, the marks can- 
not be examined with sufficient accuracy to de- 
termine this with certainty; the divergence is 
so slight that it might be resolved into agree- 
ment, if we had the valve seats out to see 
the indentations and the feathers at the same 
time, while the valve is in the seat. ~The ob- 
ject. of so examining them is to decide whether 
these marks could possibly have been produced by 
the unequal expansion of the valve and its seat. 
Such a cause would give the three indentations 
exactly ing with the positions of the three 
feathers. If the three indentations do not fit the 
three feathers, they could not have been so pro- 
duced. But if they do fit, it is not then certain—but 
only possible—that they may have been so uced, 
The Fepth of the indentations is so m that it 
seems impossible that valves which are now easy in 
the seats could have been so gripped by unequal 
expansion, We are not aware whether any similar 
indentations have been discovered in any of the 
other valve seats, A set-fast valve gripped by ex- 
pansion would make similar marks, but we would 
not expect them to be so deep. They appear to be 
about one-eightieth of an inch deep, this is however 
written from the impression we have retained of 
their appearance, and not from measurement. As 
one of tan tains shows that the feathers have been 
in violent contact with the valve seat when the valve 
was ]}in. open, and as the spindle of that valve 
seems, from the marks on the upper end, to have 
been broken when in that position, it is probable 
that the same blow that broke the spindle also in- 
dented the feather-edge marks upon the valve seat. 
If so, two of the three marks will be deeper, at the 
face edge of the valve seat, and the third will be 
more marked at nearer the bottom of the seat. It 
is only while writing this that these considerations 
are fully seen, and we cannot say just now whether 
the marks are so or not, 

The valves of the exploded boiler, above referred 
to, when placed in their seats with the feathers at 
non-injured parts of the seats, are found to be when 
cold about. the one-hundredth part of an inch free, 
The official inspectors have been testing the other 
valves, heating the valves in water at known tem- 

tures, and then trying them in the valve seats, 

e result is known to us, but it will come better 
from the official reports. We may, however, follow 
out the argument from the gauged difference in 
diameters, say one-hundredth of aninch. The form 
of the base of the valve chest is a plate about 2 ft. 6in. 
long by about 1 ft. 5in, lena with a narrower 
chamber below for the steam passage. There is, 
therefore, round the valve seats, except at the steam 
connexion, a broad flange not heated by direct con- 
tact with the steam, its under surface being in contact 
with the air in the stokehole, and its upper surface 
forming the inside of the bottom of the valve weight 
box. The cmpenae. of cast iron by heat is only one- 
half of that of brass, and the cast-iron valve chamber 
has this cooler flange round it preventing it from ex- 
panding. It will depend upon the proportion be- 
tween the metal in the two parts and their respective 
temperatures, whether the expansion of the cast-iron 
valve chamber does not resolveitself into a con/raction 
of the cylindrical portion containing the valve seat. 
We may, however, discard the bility of its ex- 
panding anything, and then e te the probable 
change in the freedom of the valve in its own valve 
seat. The valve is about 6 in. in diameter and the seat 
is perhaps $in, thick. If the brass valve seat is not 
permitted to expand its outer diameter, then the 
effect of circumferential expansion and of radial expan- 
sion must be an increased radial expansion inwards. 
The reduction in freeness on the diameter of the 
valve will, therefore, be equal to the expansion due 
to the diameter of the valve feathers added to that 
due to three times the thickness of the valve seat ; 
that is to the expansion due to ‘6 in.+3 x} in.= 
the expansion due to 7}in. for the difference of 
temperature. The temperature of the steam at 
30 1b, pressure would be as much above the temper- 
ature at which we gauged the valve as boiling water 
is above melting ice, say 180 deg. difference. For 
that range of poe mur the ate of e sion 

. 64 
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for brass is, say, 500! and bX i00° the 


valve would then be in in. larger than the valve 
seat, Our gauging of the valve was not haps 
but the truth 





Spa accurate, but we were near enough 
make it clear that the valves must have been set 
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fast by this unequal expansion. The results obtained 
by the more accurate methods adopted by Mr. 
Bramwell will be very reliable. One of the valves of 
the boiler. which had to be tested afterwards, and in 
which the plate about one of the stays is so much 
cupped, is less than yioin. free in its seat when 
co. 


Ifto this pores: Ay workmanship the explosion 
of the boiler be finally traced it will not mitigate 
the suffering of the living, or lessen the number of 
the killed, but it will remove all ground of 
suspicion of bad workmanship or bad material, and 
an explosion through making too good a fit will be 
easier to bear than an explosion through bad rivetting 
or inferior iron. 

It is probable that the conclusion arrived at will 
be not much more than what we here hint at—that 
the safety valves were set fast through being too 
close a fit, and the stop valve was shut, and 
the steam accumulated to the bursting pressure 
of the boiler. From what we have seen, we 
cannot go so far as that; we do not think that 
there was anything like the calculated bursting 
pressure of steam in the boiler when the explosion 
commenced. There is very little evidence of strain- 
ing in the exploded boiler, except in the proximity 
of the uptake, where the front of the boiler above 
the dae hes doors was blown out. Also, we 
think the easing safety valve was open; it had 
opened without being eased, and after being set 
fast, it had opened the full lift, about 2 in., for the 
top of the spindle had struck the cap and cut in a 
clean mark, a semicircle and a portion of the circle 
opposite the semicircle, The point of the spindle 
has the corresponding impressions on it. The 
pressure cannot have been very high, or the mark 
in the cap would have been oe and the three 

in. tap bolts in the flank of the cap would have 
n broken at that instant. At 60 Ib. pressure the 
blow would be that due to a 7 cwt. steam hammer 
falling by its own weight only, through 2in. The 
mark does not seem to be equal to that blow. The 
vaives appeared to be tightest just at the top of the 
feathers, and we are now considering the blow as 
it would be if the valve was freed immediately it 
commenced to move, This condition is indicated 
by the valve having shut again before the spindle 
> { the easing valve was broken. The following 
sketch of the cap of the easing valve will show on 
what these remarks are found The cap is shown 
as it would be when the spindle was breaking at the 
top of the cover. 





The point a has been marked by the lower edge 
of cover at first instant of the stroke at d. The 
seat of the flange of the cap on the cover has the line 
of red lead standing up at the side of the blow, and 
off on the opposite side. The point 4 is at that 
height on the spindle which corresponds to the top 
euibes of the cover when the valve is shut. The 
cap is shown as it is supposed to be at the instant 
the spindle breaks through 4 c, the cap doubled over 
still further upon the broken flange, and now shows 
that bit of the flange close to the side of the cap. 
The cap could not, therefore, have been marked by 
the spindle after the explosion, neither was the cap 
driven off by the blow, for the cap was in its place 
when the blow on d occurred. That the spindle did 
strike the cap is marked by the lines ¢, ¢, clear and 
clean upon the cap. 

The steam gauge on the boiler that exploded was 
out of order. About half-past eleven on the day of 
the explosion that steam guage was found to be at 
zero when the other gauges showed nearly 20 lbs. of 
steam, One of the engineers then broke the glass 
of the gauge to get at the finger to shift it to the 
same pressure as the other boilers, but the finger 
would not remain where he placed it. They went 
on, aoe S the gauges of the other boilers to 
tell them what the pressure was in this one, and this 
one ww all the time shut off from the others, and 


valves have been carefully examined by the inspec- 
tors, and they are found to be dead shut. We are 
of the opinion that these facts, viz., the stop-valves 
being shut, the safety valves being temporarily set 
fast, and the steam \ gauge being out of order, are a 
sequence in the order stated, the one the conse- 
quence of the other. First the stop-valves are shut 
or not opened, and then steam is got up in that 
boiler as well as the others. The safety valve is 
said to have been tried that morning and found in 
working order, and we believe that to have been 
done, and that apparently all was right. It must 
have been in some kind of working order that morn- 
ing, or the explosion would have taken place at least 
an hour earlier. ay Be quantities by rough 
assumption, there would be, 

in the boiler, On the, say, 80 square feet of fire- 
grate there would be produeed, say, 80 x 4000 units 
of heat per minute=390,000, and CoG = 6.4, 

’ 
say, 6 deg. Fahr. per minute, the rate at which the 
temperature of the water would increase when the 
fires were bright, Now ata little above the working 

ressure the increase of pressure is about .8 of the 
increase of temperature, at double the working 
pressure the increase in temperature is | ye equal to 
the increase in pressure. e rate of increase of 
pees on the square inch would therefore be at 
rom 5 lb. to 6 Ib. per minute, while the fires were 
kept bright, if all the valves were closed, . As the 
circulation would be then impeded the pressure 
would increase still more rapidly on that account. 
We conclude, therefore, that the safety valves of the 
exploded boiler cannot have been shut for some 
time before the explosion. Fifteen minutes with 
the valves shut and the fires bright, after steam is 
at working pressure, will explode any of the 
boilers. ow then was the boiler burst, if, as we 
say, the valves opened right enough apparently that 
morning? We will now put the faets, which we 
have already stated, into the form of an explana- 
tion of the explosion. 

At half-past eleven on the morning of the ex- 
plosion steam was up andin the engines, but the 
contractors decided not to move the engines until 
five minutes before twelve. 

At this time it had become known to the engi- 
neers that the steam gauge on the exploded boiler 
was out of order, but there was no suspicion of the 
stop-valves being shut. The gauges are graduated 
to only 35 lb., the working pressure being 30 Ib., 
but between the 35 Ib. and the zero pin there is a 
space equal to perhaps 15 lb. more, so that the range 
is, say, 50 Ib. or 15 lb. above the yar | pressure. 
The evidence at the inquest will probably tell us 
whether the finger had been forced over the zero 
pin or only pressed against it. The gauge now 
stands at 17 lb., but the internal parts are distorted 
but not disconnected. 

The conditions of expansion subject to which the 
safety valves would have to act are, as described above, 
such, that if the valves are raised to the tempera- 
ture of the steam, as they would be by a continuous 
flow of steam through them, they would, by ex- 

ion, become gripped at the feathers, and further 
ift would be prevented, The safety valves of this 
boiler would that morning have a more than usual 
flow of steam through them, the stop-valves being 
shut. The expansive action would be thereby in- 
— to its 7 extent, = — Raper wo 7K be 
gripped on the feathers at the height corresponding 
to rey for all the steam salen’ with slow fires. 
As the hour of trial, half- eleven, came on, the 
fires would be put in o to give the maximum 
effect, and then the steam gauge of this boiler, which 
probably was correct at eleven o’clock, with the 
safety valves blowing off steam as fast as it was 
then making, was observed to be wrong, the 
urging of the fires at this time having probably in 
ten minutes run the finger up to zero unobserved 
by the engineers. Then came the examination 
of the steam gauge, and the notice that the engines 
would not be started until five minutes before 
twelve. The finger may have the zero pin, 
and when the was found to be not working, 
probably the fires were kept back a little, the pres- 
sure which had before been, say, above 50 lb., would 
then be reduced, and the finger would have stood at 
the other side of the zero pin if it could have fot 
back past it. An engineer broke the glass and tried to 
put it forward to about 181b., where the other fingers 
were, but it went back to zero, showing that pro- 
bably it had passed the pin, and that it was being 
pulled back again. It was with these preliminary 








they did not know it. Since the explosion the stop- 





experiences that the trial trip was undertaken—the 


say, 50,000 Ibs. of water | 5 


boiler without a steam gauge, the stop-valves both 
shut, and the safety valves both blowing at the 


rate of slow fires, but gripped in that — by 
expansion, and unable to rise any further, as the 
steam was generated faster. As the pressure in- 
creased, more and more steam would get away 
through the same amount of opening, but the . 
generation of steam would also have increased ina - 
much higher ratio. The pressure would therefore 
slowly but surely increase, and if there are wit- 
nesses who can tell us whether the finger moved 
at all from zero, we shall be able perhaps to tell 
what pressure was actually reached, for the con- 
clusion must be, we think, that whatever the 
finger was —— was pressure in excess, of say 
0 lb., which would bring the finger to zero. 

Mr. Winfield, it is said, came for Mr. Slade, just 
before the explosion, to tell him something about 
the boiler, Perhaps the message was that the gauge 
was now working, that the finger was moving from 
the position it had been in until then. That would 

mean that the pressure was then just past 50 1b. At a 
little above this pressure we may suppose the easing 
safety valve to give to the great pressure and the 
valve and weights to be thrown suddenly up, the top 
of the spindle then striking the cap and marking it. 
The effect of such a sudden release of the steam in the 
steam space of the boiler would be a rush of water 

into the narrow s between the front of the up- 
take and the front of the boiler. It is in that space 
the safety valve inletis placed. But the safety 
valve which had just opened violently about 2in. 
could not remain open that amount; immediately 
the water reached the top of the weight and filled 

the box the pressure on the top of the weights would 
become greater than that below the weights, and 
the valve would then drop. The water which at 
that instant would be wholly filling the space be- 

tween the uptake front and the boiler front, and 
rushing through that space to the safety valve, had 
its motion suddenly arrested, and the phenomenon 

familiar to us as the principle of the hydraulic ram— 

a tly increased pressure created by arrested 

motion—would be instantly a drawing the 

inner sheet of that space off the screwed stays, then 

opening up the horizontal seam above the smokebox 
doors, the inner sheet being driven in and the outer 
sheetor boilerfront being driven out as stay after stay 
was drawn through. hen the first considerable 
opening was made in the space below the safety valve- 

box, the rush of the pent-up steam and water would 
be so great that the percussion action, known as the 
Colburn-Clark theory of boiler explosions, would 
come into operation. This is step the third in the 

explosion ; the water would then strike as a water 
hammer the front plate of the boiler—it seems to 

have done so just below the manhole. The man- 

hole is at the top forward corner of the front of the 

boiler, and the form of the fracture there clearly 
establishes that that was a secondary result in the 

explosion, the manhole did not contribute to pro- 

duce the explosion. That half of the top front plate 
seems to have been uninjured by the hydraulic ram 

pressure, but the plates forming the sides of the 

smokebox are strained by it, andsome of the stays 

are nearly drawn through the plates there. 

When the opening at the top of the smoke-box 
permitted the arrested water to escape, and when 
a steam rush was again in operation through that 
large opening, then the bulk of the water in the 
boiler rose and was dashed on the front plate 
under the manhole and produced the second fracture, 
causing the plate to open up from the left side 
towente the right, and meeting the other rupture 
which, from the position of the safety valve, was 
then proceeding right and left. 

The boiler shell for the instant thus became the 
barrel of a gun, the water became the shot, the 
eat steam the powder, and the front of the 

iler the target. is explains why the straining 
is seen only at the front end of the boiler, on the 
walls which enclosed the water when its motion was 
arrested by the front plates. 

Under the manhole there are, at 6 in. above the 
seam at top of smoke-box doors, two | -irons 4 in. x 
4 in. x} in., as stokehole stays, from the exploded 
boiler to the boiler opposite; at one of these this 
im of the water seems to have taken most 
effect. The plate there seems not to have had time 
to bend at the first blow, the end of the | -iron has 
been, as it were, punched through the plate at one 
corner of the J, the punched piece doubling 
back upon the diagonal line joining the other two 
corners of the section. Comparing this with the 








cupping of the plates where the short stays have 
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been drawn through, the difference in the kind of 
force applied is very obvious. 

We have already explained how the pipes, and 
valves, and boilers are arranged, and how the steam 
from all the boilers in the aft stokehole, and from 
the auxiliary boiler, was, through the auxiliary con- 
nexion on the opposite boiler being open, permitted 
to exhaust into the aft stokehole after the explosion. 
We have stated that one set of engines were worked 
after the explosion from the forward boilers. The 
engineers thought they did so; but we have gone 
over the valves with them, and find that the engines 
were then worked from only the after boilers and 
the auxiliary and not at all from the forward main 
boilers. The steam was exhausting only slowly 
through the six-inch stop-valve of the auxiliary con- 
nexion, and by starting the engines the steam was 
worked off much faster, and the engines kept run- 
ning until they were ‘‘ working upon a vacuum,” 
lf the fore boiler main stop-valve had been also 
openéd, the steam from the fore boilers would also 
have had to wholly exhaust into the aft stokehole 
or through the engines, before assistance could tave 
been rendered to the sufferers. 

Wehave given the foregoing details of our rationale 
of the explosion, because we know we are not likely 
thereby to be trespassing on the reports of the official 
inspectors ; it may possibly happen that they may not 
interpret the appearances as we have done, and we 
therefore have not hesitated to give our version of the 
disaster. The dimensions of different parts of the 
boiler, the strength of the stays, the fastening of the 
stays, therivetting of screwedstays, the distance apart 
at which such stays can be safely placed, the margin 
of strength allowed in the boilers of Her Majesty's 
Navy, are all points which will be raised at the 
inquest, and in the mean time we will not discuss 
them. 

The amount of clearance for the guides of safety 
valves is, we think, the critical part of the whole 
investigation. It is the duty of engineers to ascer- 
tain that the safety valves under their charge are in 
working order. We believe that the valves of the 
exploded boiler were so examined on the morning 
of the explosion when steam was rising, and we feel 
satisfied that the usual tests, or any test that could 
then have been applied, would have shown the 
valves to be apparently in good working order. 
This is the fact we wish to be grasped by engineers in 
the Navy. If safety valves are as these seem to have 
been, their condition cannot be ascertained except 
by opening the box and gauging each valve and its 
seat. 

Why are safety valve guides ever made so close a 
fit? It is to prevent the valves from leaking when 
the valve shiftsfrom its central position. The bevel 
of the valve seat is in this case and generally made 
45 deg., and with a slight divergence from the 
centre the valve will leak. But if the bevel of the 
seat were made to be at right angles to a line drawn 
from the centre of the top guide to the middle of the 
face, the valve seat would become practically a 

ortion of a spherical shell, and the bearing sur- 
se of the valve the corresponding zone of a 
sphere; and the valve might then have any re- 
quired amount of freedom without practically de- 
tracting from the tightness of the valve. 

To-day some of the boilers are to be tested under 
steam, and a box the full size of the boiler front 
above the smokebox, the part that exploded, is 
being made as near as possible a copy of the ex- 
ploded parts for a hydraulic bursting test. This 
built-up box should be tested with steam admitted 
by a small cock and a pipe from a high-pressure 
boiler. There should be a small drain pipe at the 
lowest point of the box to allow all condensed 
water to escape, and the steam test could then be 
gone through without any bomb-proof constructions. 

The solution we have presented might easily be 
tested on one of the unexploded boilers, To make 
sure that the safety valve will jump the valve may 
in the first place be made quite easy in the seat, 
then from the point of the spindle a small gun metal 
rod should pass through the bottom of the valve 
chest and be screwed down from the outside. At 
the middle of this rod a groove should be cut re- 
ducing the rod to the desired strength, so that when 
sufficient over-pressure is reached the safety valve 
should fly up suddenly. In this way we believe the 
boilers could be exploded just as the fatal boiler 
did explode, but in this case we would have 
every man out of the stokehole when the pressure 
reached 30 Ib., and we would have steam pipes and 
gauges at the far end of the vessel out of harm’s 
way. There would be little more damage done than 





was done by the other bviler if it did explode, and 
the country could afford the expense to get at the 
truth of this lamentable disaster. 





POLLUTION OF RIVERS BILL. 

WE can scarcely compliment the present or the 
receding Governments on the actual progress that 
as been made by legislation in improving the sani- 

tary condition of the country. Probably, the pro- 
gress that has been made is sure ; certainly, it has 
been very slow. Even the Artisans’ Dwellings Act, 
admirable in its object, has had great difficulties 
thrown in the way of its general adoption, and only 
recently the Holborn Scheme of improvement, sub- 
mitted by the Metropolitan Board of Works, has 
been disallowed by the Local Government Board. 

Some excuse may be made for this, but not for the 
yearly delay in respect to measures to prevent the 
pollution of our streams. Last year, a Bill was 
brought in by the present Government in direct ful- 
filment of a promise made in the Queen’s speech at 
the opening of the session. But it shared the fate 
of other “innocents.” ‘This year the Government, 
wise in their generation, did not mention the subject 
in the opening speech. After much delay, however, 
a Bill has been brought in, and is now before each 
House, It is certainly one of the most meagre cha- 
racter, and its value may be judged of from the fact 
that no proceedings shall be taken against any person 
for any offence against its provisions until the expi- 
ration of twelve months after the passing of the 
Act; nor shall such proceedings in any case be taken 
until the expiration of two months after written 
notice has been given to the offender (Clause 15). 
With this proviso and the power of appeal, the pre- 
sent'pollution might be carried on for an almost 
indefinite period ; at least, this might be reckoned 
by years instead of months. 

‘The Bill is divided into the following heads :—1, 
The Jaw as to putting solid matter into streams; 2. 
The drainage of sewers into streams ; 3. The ques- 
tion of manufacturing aud mining pollution; 4. The 
administration of the law ; and, Tastly, Some modi- 
fication of the proposed law in regard to Scotland. 

With respect to the first enactment, three clauses 
are devoted to explain what ‘‘solid matters” are. 
They include solid refuse from any manufactory or 
process, from ‘any quarry or mine, rubbish or 
cinders, waste or putrid solid matter. Repeated 
acts may be held as an evidence of pollution, al- 
though each act by itself may not be sufficient for 
a conviction, This section is evidently one of great 
promise. 

Under the sewage section ey II.), it is pro. 
posed that every person who allow any solid 
or liquid sewage matter to fall into any stream, 
shall be guilty of an offence. But before conviction 
can ensue, the Local Government Board must be 
consulted, and it may grant any period of exemp- 
tion that may be thought reasonable. 

In regard to manufacturing and mining pollution, 
the law is to be similar to that just explained. It 
is also provided that proceedings shall not be taken 
under this part of the Act against any person save 
by a sanitary authority, and the consent of the Local 
Government Board must also be obtained, who, in 
giving their judgment, must be influenced by local 
circumstances and industrial interests involved in 
the case. 

It is evident therefore that so far as we have ex- 
plained the Bill, which we have quoted nearly 
verbatim, not the slightest progress would accrue 
from this measure, as previous Acts are equal to 
meet nearly all the emergencies of the case. This 
is still more evident on perusing the fourth part of 
the proposed Act, which deals with the administra- 
tion of the law. In this section akind of watershed 
authority is to be established, forming a separate 
conservancy board for each district or catchment 
area. But the whole of such arrangements are to 
be subject to the Local Government Board, and all 
provisions of the Public Health Act of 1875, in 
regard to “ provisional orders,” are to be applicable 
in this legal section. 

The remainder of the Bill deals with purely legal 
questions, saving clauses, definitions, &c., and the 
application of the Act to Scotiand, which we shall 
not discuss. 

We really cannot look at the measure otherwise 
than in the light of a grim parliamentary joke. more 
especially as it is now stated that the Bill may 
not pass. Hence, the Sanitary, Sewage, Rivers 
Pollution, and Metropolitan Gas questions, each 
and all of which have been introduced during the 


last two sessions, have given ample evidence that 
not the least reliance can be placed on the profer- 
sion of faith of our public men, and they teach the 
lesson to the sufferers that Heaven helps them that 
help themselves. This is the best lesson 
that the last two sessions have taught us. We may 
add as a confirmation of our views, that in Com- 
mittee of the House of Commons on the Bill, there 
were two ‘‘ count outs.” It was again in Committee 
last Tuesday, when Dr. Playfair moved that the 
Bill should be left over till next session. This was 
not agreed to. Some discussion followed on pro- 
posed amendments, and so, for the present, the 
measure hangs in the doubtful chance of passing 
this year. 





EARTHWORK QUANTITIES. 

W3EN taking out the contents of earthworks from 
a railway section, itis usual to assume thatthe surface 
of the ground is horizontal, and ordinary earthwork 
tables are based upon this assumption. But, it is 
evident, that any variation of the surface of the 
ground from the horizontal, will increase the cubic 
contents in the slope portions of the cuttings and 
embankments, and where this inclination is consider- 
able, the tables do not give, even approximately, 
a true result. It becomes important, therefore, to 
consider how far the earthwork quantities are 
affected by the inclination of the ground, and to 
determine the amount of increase. 


Fig. 
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In Fig. 1, let: 
g=ratio mene to vertical) of the slope of the 


ground. . 
s=ratio (horizontal to vertical) of the slope of the cutting. 
d= — from surface of ground to the intersection of 

e slope lines produced. 
l=area of Fig. A BC. 
= ” ” D F, 
then [=d? s, and d?= 2 . @) 
8 
i=_9 d xfs gsd xf =a2_92* 

g+s 2 g—s 2 g?—s? 
Substituting the value of d? given in equation (1) 
we have 








i=2 x8 =1_# 
8 2— g2 2— g2 
from whence we find that the area of Fig. CDF 
is always equal to that of Fig. ABC multiplied by 


the coefficient £ ; 











=f 

Now, if the inclination of the ground, at right 
angles to the line of railway is noted where neces. 
sary, when taking the section—and perhaps the most 
convenient method of doing this, is by observing the 
rise or fall in an invariable distance of 10 units, and 
entering the same as 1, 2, 24, 3, 34, or 4 in 10—then 
the following ‘Table will give the value of the 














2 
coefficient —2— for all ordinary slopes, 
r—we 
Slope of Inclination of the Surface of Ground. 
Cut or 
Embank- 
ment. 1 in 10, | 2 in 10, |24 in 10,| 3 in 10,|3$ in 10, 4 in 10, 
g=10. | g=5. g=4. | g=3h. | g=2¢ | g=24h. 
}tol 1.0025 | 1.0101 | 1.0159 | 1.0230 | 1.0816 | 1.0417 
1 tol 1.0101 | 1.0417 | 1.0667 | 1.0989 | 1.1396 | 1.1905 
1jtol 10159 | 1.0667 | 1.1082 | 1.1636 | 1.2867 | 1.8333 
1j tol 1,0230 | 1.0989 | 1.1636 | 1.2539 | 1.3805 | 1.5625 
lgtol 1.0816 | 1.1896 | 1.2367 | 1.3805 | 1.6005 | 1.9608 
2 tol 1.0417 | 1.1905 | 1.8333 | 1.5625 | 1.9608 | 2.7777 























The cubic contents of the cuttings and embank- 
ments can readily be adjusted, from an horizontal 





to a sloping surface of ground, by mouJtiplying the 
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quantities ascertained in the usual manner by the 
corresponding constant given in the Table. 

As an example, let us take a cutting 33 chains or 
660 metres in length and of varying depths, as shown 
by Fig. 2. The surface of the ground to have a 
dip of 3 in 10, and the cross section of the cutting 
to be as shown by Fig. 3. _ . 

For level ground we obtain the cubic contents, 
by the ordinary earthwork Tables, as follows: 


stances, that the cost of producing is often con- 
sidered before quality and adaptation. h 
Before noticing what is peculiar in American 
lathes, it will be proper to : 
turning and the use of lathes compared with the 
practice in Europe, for without some knowledge of 
this no one is pi to judge of the merits and 
adaptation of many of the tools shown here. 
e process of acs hy different in England and 
America, In some kinds of work it would be the 























| m | mL} Ww. v. | VL 
Tab., |Column| Tab., | Column 
Heights.|Lengths.| Red | II. and | Black | II. and 
figures.| ITI. figures. 

0 
Soot} 5.-| 50 | 280 | 167 835 
it 10 | 130 | 1300 | 860 | 8,600 

8.00 
Soot; 8 | 150.| 1200 | 27 | 9,016 
ot] 10 | 7 | m0] sar | 3,270 
3450 21,721 

















Total cubic contents=(3450 x 4.50) +(21,721 x 
1$)==15,525-+ 32,581=48,106 cubic metres ; and for 
ground with an inclination of 3 in 10, 48,106 x con- 
stant 1.2539 =60,320 cubic metres. 

It is evident that this result is not perfectly 
accurate, seeing that the influence of the area, 
enclosed by the formation width and the line of the 
slopes, produced to their meeting point, or triangle 
C GH, Fig. 1, has been neglected in the calculation, 
The ratio of this difference to the total cubic con- 
tents will increase as the formation width is enlarged, 
and as the depth of the cutting is reduced, but can 
readily be determined. 

For if {= = pemeatin =. 
=the le of cu . 
s=the rato of nome before. 
c=the coefficient — 


I=area of Fig. OG H. 
then (3) 


and (c —1) 1s=the amount required. 

In our example this is = (1.2539 —1) 660 x 3.375 = 
565 cubic metres, which added to the 60,320 pre- 
viously obtained, gives 60,885 cubic metres as the 
true contents of the cutting in the sloping ground 
we have taken. In most cases, and for all practical 
purposes, this correction may be neglected and the 
constant alone used as given by the Table. 

G. K, 


MACHINE TOOLS AT THE PHILA. 
DELPHIA EXHIBITION.—No. VI. 
Enewe LatuHes. 

IN respect to engine lathes we will begin by sayin 
that pe the valent exhibits here will be jan, : 
diversity of arrangement and proportions which will 
be a matter of astonishment to foreign visitors, 
No other machine tool has reached such uniformity 
of design and arrangement in Europe as the stan- 
dard engine lathe, while of the exhibits here the 

— may be said, 

early every lathe conveys an impression of 
special adaptation, which is in some measure true 
and explainable by the fact that tool-makers under- 
stand the wants of the country, and adapt their 
machines to these wants, while in England lathes 
are more an article of merchandise, and are sent out 
to all countries and for all kinds of uses of which it 
is impossible the makers should have previous 
knowledge. 

It is a matter of surprise that among the numerous 
firms making engine lathes in the Eastern States, 
but two or three are represented hee. Perhaps 
three-fourths of the lathes produced in America are 
made in New England, and when this is considered, 
it accounts in a measure for the lack of uniformity 
before mentioned. Worcester, in the State of Mas- 
sachusetts, is the t lathe-making centre; but 
there, as in England, lathes are quite a 
production, They are made nearly all on one model, 
of almost uniform weight, and with a very constant 

mt of feeding and other gearing. The 
rice is also uniform, or nearly so; the business is 











ower and we may say conducted, as a manufac. 


same, but generally the cut taken here is much less. 
A light cut and high speed seems to be the plan fol- 
lowed, and the result, all things considered, seems to 
justify the method when applied to practice here. 
ound iron or steel to 2} in. diameter is ‘ turned 
on one-sixteenth of an inch,” as it is called; that is, 
the finishing and rolling diameters have only this 
difference. Standard dimensions for shafts, and we 
may add for all turned work in most engineering 
shops, is by odd sixteenths, instead of by eighths 
as with us, and there is no doubt much gained, 
besides a saving of material, by working on such 
close dimensions. The loss occurs from extra care 
required in straightening and centring work; but 
even this is, in most cases, compensated by having 
the best of the material on the surface. 
Turning tools employed here are generally more 
pointed, especially for work which has to be true ; 
and when we consider that, in most cases, the truth 
of work does not depend su much on the stiffness 
and strength of a lathe as it does on the rigidity of 
the pieces turned and the strain of cutting, there 
seems to be a strong reason in favour of a fine feed 
and pointed tools. 
To sum the matter up in an illustration, the 
American idea of metal eS ** coaxing ;” the 
English one is ‘‘forcing.” Such diversity of practice is 
not the result of accidental circumstances. By exa- 
mining the general practice, reasons for it will be 
found, two of which we will name: proportions for 
machinery of all kinds, and especially —. former 
years, were much lighter in America than in England. 
This feature not only extended to the ay for 
lathes, but also enabled them to be made lighter, 
because of their duty being less. A second reason 
is because it is customary, especially in the Eastern 
States, for one workman to operate several lathes, 
so that the time of turning a shaft was of less im- 
portance than having a lathe to operate without 
continual attention, and every one knows that to 
leave a lathe when cutting, a fine feed is preferable 
to a coarser one. 
In turning the parts for reaping and mowing ma- 
chines, for example, the shafts and spindles are 
usually prepared during the winter, so that the 
machines can be rapidly assembled and erected dur- 
ing the spring months, when they are shipped from 
the wel, The lathe work is done by the piece, 
often by boys, who attend from two to four lathes. 
The mode of operating found most efficient is to feed 
at from 60 to 80 per inch, using tools which have an 
inclined edge, like a side tool, toward the cut, and 
a mere point of contact against the finished shaft. 
This, of course, relates to roughing out or reducing 
the transverse strain on the work, and all strains on 
the lathe are not one-half what they would be in 
turning on the plan commonly practised in England, 
where broad point tools and a coarse feed is the 
rule. 

What has been remarked in the case of reaping- 
machine work applies to a large share of the turning 
done in America, and explains what otherwise seems 
strange, that their lathes are made so light and with 
so many details for adjustment, It is common also 
to have lathes of a capacity much greater than the 
diameter of pieces require. A ]0-in. lathe is em- 
ployed for work which in England would be done 
on a 6-in. or an 8-in. lathe, a rule which has some 
advantages, but leads as a natural result to lighter 
proportions, Another thing which may be noted in 
the use of lathes, which does much to modify their 
construction, is the various kind’ of work calomes 
on them. Drilling, milling, boring, and even wheel 
cutting, are frequently pertertind on lathes, espe- 
cially in the Western country, where repairing and 
other irregular work makes up the greater of 
what is done, In such cases they become a Find of 
combination machine, and many adjustments, such 
as a movable tail-stick for turning taper forms, are 
traceable to this varied use of lathes, 

We now come to speak of the i of 
American lathes as contrasted with the general prac- 
tice of European makers, and we scarcely need remind 


e some remarks upon’ 
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ond ———— pines pop ene: construction 
ges follow so fast, so many peculiarities in 
construction never reach public witlen that even in 
general way it is difficult 

This diffi. 


treating of the subject in a 
to include all that is worthy of notice. 
culty we will attempt to evade in some measure by 
not confining what is said to the exhibits here, but 
include so far as possible anything worthy of atten- 
tion in the general practice of the country. 

With very few exceptions American engine lathes 
have sogula ways on which the ijages move. 
Flat top frames, such as are made in Europe, have 
never met with much favour here, a matter perhaps 
not to be wondered at so long as those having an- 
gular ways are sold at low prices, and no distinction 
made in this respect between the two plans, This 
preference for angular ways we may safely assume 
to be based upon something more reliable than theo- 
retical premises, to which the Americans, as a rule, 
give very little attention, and the presumption is 
that a true and steady movement of the carriages 
has become a feature to which more attention is 
given than with us. As beforeexplained, the method 
of turning requires accuracy of movement rather 
than a capacity of resisting severe strains ; and that 
a carriage moves easier and with more steadiness on 
angular ways, no one accustomed to both plans will 
dispute. ere is no intention of entering into a 
consideration of the subject here, further than to 
discover some of the more prominent reasons for 
American practice, but of one thing we may rest 
assured, that there is some substantial reason 
always to be found when one method more expen- 
sive than another is adopted, a rule which applies in 
this case, 

In the construction of planing machines it is well 
known that the only means of securing a movement 
true enough to produce true surfaces of any length 
is to rely upon the gravity of a carriage instead of 
mechanical — and sofaras we can see the 
same principle applies to the carriages of lathes so 
long as they are not subjected to strains which from 
their direction or extent will lift a carriage from 
its bearings. When the strains upon a lathe iage 
are considered, especially with the American method 
of turning, it is easy to see that for the smaller class 
of lathes it is very seldom that a carriage would be 
moved from its bearings upon angular ways. Many 
lathes made by some of the best firms, Messrs. Pratt 
and Whitney among the number, are at this time con- 
structed with what is called weighted carriages, and 
it is a fact well known that for performing true 
work such lathes are the most reliable so long as the 
carriages are not lifted by undue strain, which 
seldom occurs except in boring. The theory on 
which these angular ways are constructed is that 
with proper proportions of the bearing surface on 
the top and sides of the ways, the wear is compen- 
sated each way, anda carriage never becomes loose. 
Any wear of the ways causes deviation of a carriage 
in a vertical plane only, which for turning is a small 
matter when compared with the effect produced by 
deviation in a horizontal plane. 

To sum it up in afew words, the Americans think 
that the bearing surface secured by a flat top frame, 
does not avail anything in securing a carriage from 
deviating in a horizontal plane, and it is this devia- 
tion which should be guarded against; also that a 
carriage held down by angular gibs can never be 
kept tight enough to secure steady movement. 
lathes are made, as in Europe, with gib car- 
riages on flat frames, and we en er that the true 
system lies somewhere between —that angular ways 
are best for small lathes, and flat frames for those 
subjected to severe strains or for boring. It is also 
customary in America to mount the fixed and sliding 
heads on angular ways, the same as the carriages. 
On this point we may safely assume that no other 
plan of securing and maintaining alignment is so 
simple and effective. 

‘The alignment of a lathe, like the movement of its 
carriage, is especially important in a horizontal plane, 
and certainly no mode of construction will secure 
this so well as V ways with an equal angle on each 
side, whether such ways be raised above or are sunk 
into a frame. We therefore conclude that this - 
feature of American practice is good, although in 
the history of machine tool-making it may seem to 
belong to a period and practice now passed away. 
Another result of some importance gained by mount- 
ing the sliding heads of es On ways is 
that the main frame is clamped together when the 
headis fastened. Witha very rigid frame 








turing rather than as an engineering one ; the result 
being, as is generally the ede under such circum 





our readers how impossible it is to have knowledge 
of, or to even keep fn view, all the various known 





; onthe, Lowe 
of transverse stiffness this may not have much import- 
ance, but with frames such as are for the most part 
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Joyed in America considerable rigidity is gained | attended the meeting with a model of a new form of horse | tion has now decided to permanently adopt and out 
oi ons clamping a sliding head at the point where and carriage boat for the Govan Ferry, capable of ouerying at their Knostrop Works system of poclies 
the most severe strains fall. ‘We shall have more to Secsagin i eottecdaod saad Doing O600K Whe matter ia | hon iuredzeed dis vurathe tad the'h BD ajrtee et the 
say about lathes in our next article. to receive the attention of the trustees. Native Guano Company has also been tried, but the corpora- 
tion prefer the former. The of Mr. Hanson’s 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig Iron Market.—The price of pig iron war- 
rants last Thursday varied very little from 57s. 14d. per ton, 
and on that day there was an advance of 1s. per ton in the 
price of No. 1 Gartsherrie. That advance, however, caused 
little stir in the other special brands. On Friday the 
market was somewhat quiet, with business done in the fore- 
noon at 57s. to 56s. 104d. cash, improving from that point, 
and closing with buyers at 57s. cash, sellers asking 57s. 13d. 
The market continued quiet in the afternoon, and prices 
remained as at the close in the forenoon. There was again 
a quiet market on Monday forenoon, and warrants were 
dealt in at rather lower prices. A few lots changed hands 
at 56s. 104d. cash, closing sellers over, buyers 56s. 9d. The 
market remained practically unchanged in the afternoon, 
both as to business and prices. Business was done yester- 
day forenoon at still lower prices, down even to 56s. 73d. 
cash, the market closing with buyers at the price, and sellers 
asking 56s. 9d., while at the close in the afternoon buyers 
were offering 56s. 6d. ually low prices have been offered 
and accepted to-day, and at the close of the afternoon 
market buyers were offering 56s. 44d. It is clear that the 
dull cloud ging over the iron trade has not yet to 
break or show its silver lining, and a considerable feeling of 
depression still exists. There has been a slightly in 
demand for pig iron on account of the local foundries since 
the termination of the Glasgow Fair holidays, but the de- 
mand has only been a tempo: one, and the amount of 
business doing is so small as to have no perceptible effect 
upon the large stockson hand. There is a continuation of 
the steady falling-off in the exports of pig iron, the shipments 
last week being 8555 tons as against 10,678 tons in the cor- 
responding week of last year. This, coupled with the 
generally unsatisfactory trade doing in thelocal foundries and 
malleable iron works, must be leaving a very large stock in 
the hands of the makers of pig iron ; indeed, it is calculated 
that during July the stock was iztereased at the rate of 
about 5000 tons per week. The bulk of this increase re- 
mains in the makers’ yards awaiting better times, but some 
parcels are sent into store, and fetch in the shape of war- 
rants better prices than can be obtained from consumers. 
The total stock with Messrs. Connal and Co., up to last 
Friday night was 73,095 tons, showing an increase of 
1440 tons during the week. 


The Scotch Blast Furnaces.—One of the Carron Com- 
pany’s blast furnaces has been blown out since last report, 
thus reducing the number in operation to 115 as against 
117 at the same time last year. It is feared that more will 
have to be blown out if trade does not undergo some im- 
provement. 


Road Steamers on the Public Streets in Glasgow.—At | da 


the last meeting of the Town Council of Glasgow a report 
was presented from the Magistrates, Committee on this 
subject. It stated that they had resumed consideration of 
the ‘* Locomotives Act, 1875,’’ and the use of steam engines 
on the streets of the city, as thereby authorised, and re- 
solved to recommend to the Town Council, as the local 
authority under the Act, that they should make an order 
that the time within which the streets of the city compre- 
hended in the two areas after described shall not be re- 
stricted, namely, (1) the area on the north side of the river 
Clyde bounded by the east side of Washington-street on the 
east, Stobcross-street and Pointhouse-road on the north, 
and the river on the south ; (2) the area on the south side 
of the river Clyde comprehending the whole district of the 
city to the west of West-street. They also resolved to re- 
commend the Town Council to amend their order of October 
26, 1874, to the effect of making the restriction therein re- 
commended extend only from 8 a.m. till 8 p.m., instead of 
from 8 a.m. till 10 p.m. The magistrates further recom- 
mend that the acting chief magistrate should have power 
to dispose of any applications for dispensations in special 
cases. There are now seven road steamers in use in 
Glasgow, and during the last four or five years they have 
been of immense service to the local marine engineers, 
ironfommders, boiler makers, shipbuilders, &c., having 
dragged many thousand tons of forgings and other hea 
masses of ironwork ranging up to 45 or 50 tons each. 
know that the restrictions now made, seeing that they in- 
clude Broomielaw Bridge and immediate precincts, have 
gre great dissatisfaction toa number of very eminent 

rms, and have caused much annoyance and extra expense 
to those firms that are in the habit of using the road 
sicamers. 

Greenock Harbour Works.—The Greenock Harbour 
Trustees have just had under consideration a pro 
deepen and widen by 2 ft. graving dock No. 2 (east), at an 
estimated cost of 87311.; but the further consideration of 
the proposal has been postponed till after the completion of 
the extension, which is to be made to Garvel Graving Dock. 
The partial rebuilding of the Mid Quay, which is at present 
in a very dilapidated condition, and the d ing of that 
= of the harbour, have also been under consideration. 

he estimate of the cost of these proposed alterations by 
the engineer (Mr. Kinipple) is 16,100/.; but he has been 
asked to consider if they could not be carried ont ata some- 
what less cost. 


Clyde Navigation Trust.—At the usual monthly meeting 


of the Clyde Navigation the Rivers 

Pollution Bill now before Parliqmept was er considera- 

tion, the Parliamentary ing that 
that might be 


were of opinion that any co j 

forme@ under the provisions of Ay ata if passed, 
shou at least include an influential repr oti : 
Clyde ‘Trustees. Mr. Simons, shi 


pletion. 
i helonging to the company. The profit has 
¥~ 58001, out which the direchers sesteiaienl & Meldend 


NOTES FROM THE SOUTH-WEST. 
The Shamnon.—The Shannon, 9, screwship, armour- 
lated, has arrived in Devonport harbour from Pembroke. 
e Shannon is a fine new vessel, 5103 tons displacement, 
length, 260 ft.; breadth extreme, 54 ft.; depth of hold, 
21 ft. 74in.; draught of water forward, 20 ft. ; aft, 22 ft. 
: LT mean, oahg - a ye vr cpt pr two 
ton guns, two 6-inc tling guns ; thickness of armour 
on sides, 6 in. and 9 in. ; bac do., 10 in. and 12 in. ; 
engines, 3,500 horse-power indica She carries 280 tons 
of coal ; her estimated speed is 13 knots per hour, and her 
complement is 350 officers and men. Inrunning from Pem- 
broke to Plymouth, she proved in every way an admirable 
vessel of her class. 


_Newport-Abercarne Coal Company.—Late on Saturday 
night coal was struck at a new sinking of the Newport- 
Abercarne Coal Company. 


Sewage at Trowbridge.—M. Fulda, a French chemist, 
has been experimenting with the sewage at Trowbridge. 
The sewage flows into a tank in which an agitator is 
worked by a small steam engine to keep certain chemicals 
in operation. The contents flow off at a two-inch fall into 
another tank, where the solid — of the sewage are 
rapidly precipitated to the bottom, and the effluent water 
runs into another tank, where further precipitation takes 
place, and the water flows thence clear and bright into the 
river. The expense of the whole apparatus is at the rate 
of 2l. for every million gallons of sewage, the residium 
forming a portable manure. M. Fulda’s system is in 
a at the cloth mills of Messrs. Pratt and Sons, at 
the Bromley Union Workhouse, and other places. The 
da estimates 


cost of a plant to work his process M. 


at 3202. 


New Lighthouse in the Bristol Channel.—A deputation 
from the Chamber of Commerce of Bristol and other ports 
in the Bristol Channel interested in the proposed new 
lighthouse on Bull Point, attended at the Print ity House 
on Tuesday. The advantages of Bull Point and the Morte 
Stone were fully discussed, and it was ultimately — 
that a formal application should be sent to the Board for 
a light on the Morte Point, when the rival claims of the 
two serene will be considered, and the result commu- 
nicated. 


asses | Matters at Redruth.—An easy method of 
supplementing the water supply of the town has been decided 
on by the th Local Board. It has been ascertained 


that an almost unlimited supply of water can be pumped 
from East Trefusis mine, now abandoned ; and there being 
already a lift of pumps fixed in the shaft, Captain Trequay 
has offered to pump the water when required for 11. per 
. This water, coming as it does from granite, is con- 
sidered to be thoroughly , and on being ht in at 
the level of the Devoran ilway atthe west of the 
town, may easily be carried through the town. This will be 
a boon to the inhabitants in the dry vg pipes con- 
necting with the main will be at once laid down. It has 
also been decided to make an experiment of the system 
adopted in some towns of removing the night soil weekly 
in pails, thereby doing away with dbjections le closets, &c, 
Coal at Mountain Ash.—It is announced at Mountain 
Ash that Messrs. Nixon have reduced the price of house 
coal from 12s. per ton to 10s., delivered at houses. The 
coal before delivery bas screened, and is of a good 
quality. This is the first time, since 1869, that coal has 
been sold at Mountain Ash at 10s. per ton. 


Landore Steeel Works.—We learn that the steel works 
at Landore are to be started next week. It is said that 
eight furnaces are in process of being lighted, and when 
these are in working order 600 or 700 men will be engaged. 

Fatal Explosion on Board Ship.—The Board of Trade 
inquiry into the circumstances of the fatal explosion which 
occurred on board the British ship Atalanta, at Penarth, 
on the 19th of June, was resumed on Friday, when evi- 
dence was taken as to the ventilation of the ship, the 
an onl eae by steam en oe par- 
ti a r- sett, mining engineer, recom- 
mended the adoption of a system of ventilation, which 
would carry off all the exuding from the coal, the same 
as in coal mines, and thus put an end to all liability to 
disaster resulting from the negligence of sailors, ship- 
masters, or trimmers. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Serious Accident at a Steel Works.—On Thursday morn- 
ing last as the men in charge of the Bessemer department 
at the Dronfield Steel Works were about to run out a melt- 
ing, the key holding the converter in its _ ve way, 
and the vessel wae forward poured out its whole contents 
— pth ae into ; e pit. There a oa ty 

" many of them were severely injured by being 
splashed by the molten liquid. One or two i 
cases. 

The Yorkshire Railway Wagon Company (Lumited).— 
The half- ny worse of She directors of this oocsmeng Od 
be presented at the shareholders’ meeting at W: to- 
morrow, sets forth that the number of wagons now at work 
is 7929, and tha 





; 4 
at the rate of 101. per cent. per annum, leaving 10981. to be 
alidsd Sa resekye toad, : 








Purification of the Leeds Sewage—The Leeds corpora- 


expense 
system for about 22 tons per diem, is about 14s. 6d. per 


hour for i ients, or i i ions, amount- 
ing to 171. 8s. per day, or 62001. per annum for a total daily 
flow of twelve or fourteen millions of . On the other 
hand the of the A BC system for 24 tons daily 
was 18s. -, or 221. per day, and 80481. yearly. It is 


stated that both the effluent and residuum have been analysed, 
the result showing that by Hanson’s the former is 
somewhat clearer, and that the latter is superior for the 
ge of’manuring, inasmuch at it contains a slightly 
quantity of ammonia, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MrIppLEsBRoUGH, Wednesday. 
The Cleveland Iron Market.— Yesterday there was a 
large attendance on ’Change at Middlesbrough. It is 

very questionable whether any business worth mentionin 
seading’s Suotiashie Genser ack tot leen's loaner 

ng a w ven a 

report of a meeting of the creditors of 1 = Sete cal 
Co , iron shipbuilders, Middles! h. The financial crisis 
of Cleveland was f: discussed. Pig iron was quoted the 
same as last week. It is feared that on the publication of 
the ironmasters’ monthly returns it will be shown that the 


stocks of makers have very considerably 


The Finished Iron Trade.—There is really no news con- 
nected with this important branch of industry. At Mid- 
dlesbrough and other in the North of England, large 
works are stan idle for want of rail orders, = there 


is no prospect of their obtaining any at an 

A Financial Crisis in Cleveland.—For the past few 
weeks it has been known that certain large iron making 
firms in the Middlesbrough district have known that a 
financial crisis was at hand. Messrs. Thomas Vaughan 
and Co., the owners of fourteen blast furnaces, two 
manufacturing works, an ironstone mine in Cleveland, and 
collieries in South Durham, are at present in financial diffi- 
culties. A number of gentlemen in the district are endea- 
youring to put the affairs of this firm into such a state as 
to turn them over to a limited liability com: - Upto 
the present time, however, the scheme pro’ has not 
succeeded, one reason of the non success being the refusal 
of three banks who are secured creditors, to rank second, 
so that debentures to the amount of 100,0001. might be 
issued. To-day, Wednesday, a i itors and 


rs) 
guarantors respecting M . Vaughan and Co,’s affairs 
is to be held at Middlesbrough. i 


Raylton, Dixon, and Company’s Affairs.—On Monday a 
meeting of the creditors and Fo of Messrs. Raylton, 
Dixon, and Co., iron shipbuilders h, 


: [ , Middlesbrough, was 
held at Darlington. This meeting, like most affairs of the 
kind, was intended by interested ies to be private. A 
uest to that effect was made at the m 4 
bu cepthiae ae teetth areas Maa . 
ev as smooth as was desired some y 
Gees attends ner cumenad on itamdenie the 
Newcastle Daily Chronicle anal 2 ee of Messrs. 
Dixon and Co.'s ing, showing the liabilities to be 
the enormous sum of 166,2821., the assets 83,0007,; only 
12,0002. of which might be considered good. It » 
that this firm as Messrs. Backhouse and 
business in 1873 with 5000/., that Mr, Backhouse 


broug’ 
tent of 15,0007. i 
on certain conditions to accept a dividend of 3s. in 
the pound, {payable in twelve months. 

More Failures at Mi h.—Messrs. J. B. Walker 
and Co., shipowners, Middles h, have filed their 
and to-day there is a meeting of Mr. Watteau, of 

h, being held. 


Rfiddlesbroug 


Curious Meeting at Middlesbrough—Middles h is 
perhaps the most p: ive town in the kingdom, It is 
i i Ae 9 ye i mixed, 


growing rapidly, “ era f ’ , 
and enterprisi ulation. ednesday) under 
the cupins of the Middles Hy, ide of Grint 
a meeting was held to “ consider sundry 
that have recently appeared affecting 


district.’’ Many of the persons tare not distinguished 
for the ability they show in loo after own business, 
mee wn a the impudence to pass a resolution in- 
structing the owners an of newspapers how to 
manage thei ave vom This self-appointed prereer ypoe 
on ama’ new! proprietors agrend 
aon Reussion, to call the attention of press of 
district e desiral :. exercising care in 
dealing with the financial affairs 





Tux Lonpon anv County Banxrne ComPpany.—The 


half-yearly meeting of this com was held 

y, when the was The 

showed that the net profits amounted 

to. 130,988/. 3s. 9d., which 14,7301. 18s. 6d. 

ht over from the last account, pr a total of 

Fg anda ap Out of this amount an dividend 

of this amount. : votives he ants 

during the present year of Mr. W. ©. Jones, late deputy 

chairman, and of Mr, W. Tomson, lately one of the joint 
general managers. 4 
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Amone the exhibits of machine tools at the Philadelphia 
Exhibition, are four sizes of portable drills, manufactured by 
Messrs. Thorne, De Haven, and Co., of Philadelphia, and 
especially designed for use upon pieces of work of irregular 
form, or which from their size cannot be readily adjusted 
under a stationary drilling 1, 2, show 
a side view and plan of the largest size machine exhibited. 
It is mounted on a short cast-iron standard with a cruciform 
base, the latter being provided with slots through which 
bolts pass for securing the drill to the work. The post a 

g-the drill is held either in the vertical bearing in the 
base, or, for horizontal work, it is placed in the horizontal 
bearing marked 6. The radial arm c is held in position in the 
post by the bolt and plate d, the drill being traversed to and 
fro by means of the screw ¢, and rotated by a worm and 
tangent wheel, The end of the arm is furnished with a 
socket which carries the drill frame, and it can be turned 
round, so as to bring always the cone pulley in a line with 
the driving belt. 

As will be seen from the drawing the drill is driven by 
gearing, either direct from the cone, or through a system of 
back gearing shown in section on"the drawing. The automatic 
feed is obtained from a small pulley on the main cone pulley 
shaft, a strap passing from the former to a small pulley 
above which drives a worm and rotates a nut, through which 
the screw spindle / passes. The worm is hinged at g, and 
can be thrown out of gear by turning a small eccentric at A, 
and the feed can then be worked by the handwheel i. In the 
amaller machines, as in Fig. 6, the back gear is omitted, and 
the drill is driven direct through the bevel pinion on the cone 
pulley shaft. In one form also, the bearing in the end of the 
arm, instead of being cylindrical is made spherical, and the 
drill is mounted on a spherical boss, held in the bearing by a 
collar ; when this latter is in position, the frame can only 
be rotated in a horizontal plane, and the spindle is kept 
square with the base, but if the collar is removed the frame 
ean be set at any angle desired. This modification finds 
many useful applications in drilling irregular forms, such 
as sternposts, &c. 

The mode of driving this drill is very ingenious, and is 
shown in the illustration, Figs. 3, 4, 5. The counter-shaft is 
driven by a strap passing through the eye j, and which is 
shifted to the fast pulley when the cord & is pulled and held in 
position, the weight / always tending to throw the strap to the 
loose pulley. On the other end of the counter-shaft is a 
grooved pulley m, over which the cord pas#:s which actuates 
the drill. Below this grooved is a frame n, supporting 

is hollow, as shown 
this swing hanger are two idle pulleys p 
























































they are very largely employed in American workshops- 
Messrs. Davis, Hathorn, Campbell, and Davey, of Leeds, 
are now introducing them into this country. 





“THE STRENGTH OF STEAM BOILERS.” 
, mane THE wee oe a ae ee meee by M 
18,—In your accoun experimen’ e =—— 

John Elder and Co. on the boiler of the s.s- Ban-Righ, 
note that the boiler failed by tearing through the plate 3. 
one of the rivet seams. I should be much obli to an: 
of your correspondents who can give me instances with full 
iculars of any boilers which have failed by shearing the 
rivets. Out of upwards of 200 cases of repairs to boilers 
conducted under my superintendence, I can only remember 
one case in which the rivets failed, and I am inclined to 
think that with the j 


the fear of failure 
wheel and rail in early 
locomotives. I note that up to 180 Ib. the leakage was very 
slight, showing that tight work for o: ressures Can 
+ ee with a wider pitch of rivetting than that em- 
ployed 
Yours wt 
Ww. 58. 
Abbey Engine Works, Nuneaton, July 26, 1876. 





McCARTER’S CONDENSER. 
To THE Epiror oF ENGINEERING. 

Srz,—In your last issue there appears a paper read at 
the Institution of Mechanical , on McCarter’s 
condenser. 

I should like to see the matter further ventilated, and, 
therefore, make ® few remarks which [ hope you may insert 
in your next issu 

the first pace I think that Ld. is a question mp, woul Ae 
separate engine for = air pump wo 
not take less steam — eanieanen I have onl 
two, and their oa pipes looked rather large for —_ 
an engine for equal wor! 

In one case I see 33 per cent. mentioned as the saving by 
the alteration, but that I need not say could not be = 
anne eneey, as is too often the case, when a stoppage tak 
place the boilers are cleaned, shafting lined up, 
~ 1 to, and the engine 

add to Nyy ty = een to nome alter. 
be bed than useless. 


his condenser is 
bore. the crankshaft lve level (at last 
a special ad 
other means may te 
that end, ev evn withon —— a4 TO 


: for 
» for 


of one of them is always the air 


the grooved pulley. The 

under the pulley p, over the grooved pulley, | > 

ole in the hanger n, and then hangs down, 

kept tight by a weighted pulley q; it then passes 
around pulley p', and over the cone on the drill. The 
weighted pulley is used, so that as the drill is moved to 
varying distances from the counter-shaft, there may be an 
ees ee ee If more is required 
additional lengths can be added by hook-and-eye con. 


The arrangement and finish of these drills is excellent, and 





"s sey ds —. my own I sheala 
Thon rol whos with a iar Allen’s 
hose weight and work was 
steam piston. 
its there is the risk of 


Lae 











Frencn Rartways.—During the twelve months ending 
March 31, 1876, new lines were opened in France to the 
extent of 4213 miles. The opening of ans additional lines 
carried the te effective extent of the French railway 
network at the close of March, rch, 1876, to 12,436; miles. 


AMERICAN RAILROADS. Ati the close of 1875, the amount 
of capital expended u; - American railroads had risen to 
4,658,208,630 dols. a eeemnann Se various 
miles in 1875 were 508,065. ols. ; and a ope of 
working expenses and interest on ‘bonds, dividends were 

id on shares and stock to the aggregate amount of 
74,294, 208 dols. 


Wrre Rorts tn THE UNITED States Navy.—Commo- 
dore Schufeldt has ordered the authorities of the Boston na 

to make several 5 in. steel wire hawsers. The Uni 

tates Navy Department requires immense hawsers to tow 

monitors and vessels in distress, and they are put.on board 
American menahene | for use when required. The usual 
appliance is a 12-in. hemp rope, but ites swells when wet and 
becomes very {Of ke og of water. The new steel 
wire hawsers will in. less in DS aamaae and they will 
probably be in every respect better 


PouLUTION oF Rrvers.—Last week an illustration of 
the effect of river pollution, through manuf: i 
ing cast into the stream, was afforded between Guildford 
and —~ in Surrey, = the river Wey. Tons of dead 
fish were found, and in such quantities as to be sold in the 
neighbourhood ‘and in London for the purpose of manure. 
The cause of this traced to some paper mills 
situated on the Wey above Godalming, and the authorities 
are taking active steps to abate this nuisance. Should such 
an occurrence happen on a salmon or trout stream we 
imagine that there would be little delay in passing the Rivers 
— Bill during the present session, although already 
ts discussion in Committee in the House of Commons has 
twice lately resulted in a “‘ count-out.” Action for public 
good is generally stimulated when powerful, although 
private interests suffer in a pecuniary point of view, and 
perhaps the “‘ accident” here named may have the desired 
effect on our tardy legislators. 


a New CargLTon Marin Couirery.—The sinking 
tions at the New Carlton Main Colliery, which is 

7 four miles from , are now approac com- 
a. and the pit will sho y be at work. The shafts 
been sunk on the estate of Earl Wharncliffe (from 
whom 1300 acres of coal have been leased), and are close 
to the Midland Railway, to which a short branch line 
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DAVIS AND COCHRANE’S MINING DIAL. 


Tue miner’s dial or circumferenter, here illus- 
trated, is entirely of novel construction; the 
advantage claimed for it is that angles can be 
taken by it with ease and accuracy, even when 
used by inexperienced hands, and the tedious- 
ness of surveying is very much lessened, as 
the instrument requires no reading. The fol- 
lowing description will serve to explain its 
construction: B and E are exposed portions 
of a metallic paper margin or ring about 
8} in. outside diameter, and 1} in. wide; this 
margin is fixed to the base-plate of the dial, and 
to which also the sights are attached ; this base- 
plate moves freely round, carrying the sights and 
paper margin, leaving the compass, the covering 
plate C, and remaining parts of the dial clamped 
to the legs. At D is a semicircular arm working 
over the compass on axes at GG; this arm 
carries a brass marker A, which at one end is 
pointed, and at the other flat, or knife edged. 
Besides the protection afforded to the ring of 
metallic paper by the cover C, a small shutter 
covers each of the apertures at B and E while 
the instrument is being carried. If the pit 
should be very damp or dirty the extra 
precaution may be taken of using a double 
paper margin with a sheet of carbon paper inter- 
posed ; by this meaps a duplicate would be taken of all the 
angles of the survey. 

The first process is to set the dial tothe north point, and 
then to bring down the marker A, and puncture the paper 
both at B and E; these markings will give the north and south 
lines on the paper margin ; then take the angle required in 
the usual manner and puncture the paper again, numbering 
each puncture on the margin ; these numbers are booked 
with distances, &c., to each. If two or more punctures 
should fall together on the paper margin the marker A may 
be elongated by the screw F, so that half a dozen or more 

















punctures may indicate the same angles without making 
any confusion in the margin. In plotting the survey the 
paper margin is removed from the dial, the north line or 
points on the paper margin are made to coincide with the 
north line on the plan, and the survey is plotted at once 
without the aid of the protractor, the paper ring serving 
as protractor, and giving all the angles required. When 
the dial is required for setting out, a paper protractor is 
supplied in place of blank paper margin, and the angles 
read off by means of the marker A. This instrument is 
manufactured by Messrs, John Davis and Son, of Derby. 








HIGH-PRESSURE VALVE. 


CONSTRUCTED BY T. H. P. DENNIS AND COMPANY, ENGINEERS, CHELMSFORD. 
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Axsout two years ago (vide page 84 of our eighteenth | being effected just at the end of the downward movement. 
volume) we illustrated a new form of valve which had then | 
just been brought out by Messrs. T. H. P. Dennis and Co., | 


of Chelmsford. Recently Messrs. Dennis have introduced 
some improvements in the construction of these valves, and 
the annexed engravings show the modified arrangement now 
adopted as exhibited by them at the Show of the Royal 
Agricultural Society at Birmingham. 

As will be seen by the views given, the arrangement con- 
sists of two disc valves which, as they are pushed down and 
brought opposite to the openings they cover, are at the same 
time made to rotate, and are thus forced apart and closed 
up against their seats by the action of the screw at the back 
of each valve. In the old arrangement the edges of the 
valves geared into racks formed at the side of the valve 
case, the rotating movement thus going on during the whole 
descent of the valves in the act of closing. Now, however, 
all the cogs are on the rims of the discs, and all the cogs on 
the interior of the casing except one on each side. This 
makes the interior more simple, and the valves cannot now 
be put together improperly if taken apart by an inex- 
perienced person. The threads of the screws on the valves 
are also of a much coarser pitch than formerly, and thus 
the forcing apart ef the discs takes place more quickly, it 











When the valve is closed, also, there is with the present 
arrangement no tendency for it tostick fast. Another result 
of the forcing apart of the discs being effected at the end of 
their closing movement is that they are never far removed 
from their seats, and in fact almost touch the latter during 
their downward movement, so that they are able to clear 
any dirt off the faces. The coarse-threaded screws also 
enable the discs to wear much longer than before. Alto- 
gether the arangement is a neat and good one. 





AUSTRALIAN TELEGRAPHY.—The interruption in the 
Chine Telegeay ft Sioe Limited fine raised th - fon 
mpany e question 
of the establishment of a second line of telegraph to the 
antipodes. The Sydney Chamber of Commerce has urged 
upon the Government of New South Wales the expediency 
such a second line; and the Postmaster-General has 
promised on behalf of the government of that ey that 
communications on the su shall be o d with the 
other Australian governments with a view to joint action. 
The route of the pro new line--whether India, 
China, or direct with land by way of the Pacific Ocean 
and America—is left an open question for the various 
colonial governments to hereafter determine. 





STEAM STEERING GEAR. 
To tHe EprTor or ENGINEERING. 
Str,—We are just now favoured with Pas of 
a 


1. The steersman should feel the rudder just as a horse- 
man feels the motith of his steed. 

2. The power should be greatest when the helm is hard 
ver 


There should be no sudden or violent motion. 

At all times there should be the possibility of instantly 
ing to the hand gear. 

5. There should be no complicated gearing. 





a 
@ tiller, 5 ram, ¢ steam cylinder or barrel, @ trunnion, ¢¢ 
cataract (if so fitted), 


Now, Sir, I would propose to retain any good of the 
present hand-steering gears, and simp ee steam 
cylinder, as sketched, to overcome the pressure of the water 
on therudder. With boiler pressure at 60 lbs. and upwards, 
pera of very reasonable dimensions would suffice. It 

be observed that the pressure on the tiller increases as 
the rudder goes over. On each slide of the cylinder is a 
small cataract, which will effectually prevent any sudden 
jerk, or with screw steering gear this might possibly be dis- 
pensed with. On the voyage in fair weather the steam 
would probably be shut off. A similar arrangement is very 
usual for reversing the links of marine engines. 
I — ae Langa go A a ee in your a vet 
prevent the taking out of a pa‘ ‘or anyt 80 4 

Your most obedient »twne 9 ni 
Neptan i Waite aan Oh oid SHIPBUILDER, 
eptune =e or' pyard, 
Newcastle-on-Tyne, 1876. 





COMPOUND NON-CONDENSING ENGINES. 
To THE EpIToR oF ENGINEERING, 

S1r,—I have pleasure in ing you a set of cards taken 

from a non-co i a engine which I have re- 

cently made here, and fi into a small steam launch. 

The following are the dimensions of the same: 


ft. 
Length overall ... a 62 
Beam ast ‘id gee 8 
Depth sau vs sie 4 
Feathering idle wheels diameter 


sia galas 
Floats 3 ft. 6 in. by 1 ft., six on each wheel. 
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may be so little of importance in the subject that you may 
consign it to its proper place, the waste-paper basket ; but 








Ido this, however, with some diffidence, fearing that there — 
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diagonally, baving four cylinders Ww 
» arranged tandem fashion on either side of the 
, with the cranks set at sifehengiee. The high- 

cylinders are 8 in. im diameter 12 in. stroke, 
_ 14 in. in, diameter, and 12 in. stroke. The 
working pressare of steam in the boiler is 100 Ib. per square 

As the principle is comparati new to me, and may be 
altogether new to many of your — I will make an effort 
to prove that it is of considerable advantage, and cause 
them to judge for themselves ; and to test the principle 
fairly I disconnected the low-pressure cylinders altogether, 
and allowed the engines to run as o high-pressure 
engines, having the two high-pressure cylinders only in use, 
while carrying the same pressure of steam and admitting 
the same quantity into the cylinders. I have no expansion 
valve, and the only means of decreasing the pressure is by 
pay oone head valve. The cards will show this 

m the fact that steam is carried the same distance 
in each grade, if you can call it a grade where the steam is 
not cut off, but simply throttled. 

The highest speed attained by the engines when wgehing 
as ordi engines was 63 revolutions per minute, anc 
when connected as a compound engine the revolutions in- 
creased to 76. The indicated horse power when working as 
an ordi engine was 34, and when connected as com- 
pound 59.2, showing in this case 73 per cent. in favour 
of the compound principle. On looking at the cards you may, 
however, that as the steam is carried for over three- 

uarters of the stroke in the high-pressure cylinder it neces- 
sarily follows that a large increase of power must be de- 
veloped in [the second or low-pressure cylinder, but this 
not prove any benefit in pain generally, although 

this particular case it shows considerable gain in power. 

In answer to iy By would py ae | wey I peliere » is 
customary to work the engines of launches as fast as they 
ean go, and to allow them to develop as much power as 
the supply of steam from the boiler will admit, and in 
no case that I am aware of is the cut-off earlier than half 
stroke, so that by using the low-pressure cylinder the 
engines would develop more power with less steam. Con- 
sequently a smaller boiler could be used and a proportionate 
saving of coal would be the result. The steam after leav- 
—— low-pressure cylinder passes through a feed heater 
and thence up the ine by this arrangement the feed 
water is heated up to 180 deg., while the uncomfortable 
noise caused by the exhaust steam of the ordinary hi 
pressure engine is entirely obviated. I regret to say I 
am unable to give re the correct quantity of coal used per 
hour, but I think it is about 1 cwt. per hour when running 
at full speed, being about 21b. of coal per indicated horse 

wer. The highest s attained was 10 miles per hour 
a mean draught of 2ft. Gin. I must here mention that 
the launch was not built for high speed, but for a light 


draught tug. 

You will observe from the cards sent that the initial 
pressure of steam in the low-pressure cylinder is 35 1b. 
above the atmosphere, and this is expanded down to 7 lb. 
when the exhaust opens. So that the low-pressure cylinder 
developes nearly the same power as the high-pressure. I 
believe there are oO igh-pressure ines now 
running which would be much benefited by the addition of 
cylinder to use up the steam that is wasted, 

being allowed to pass through the exhaust into the open 
air at a pressure of 30 Ib. ; and should this meet the eye of 
any one who is now working his engine to its full pressure 
is still unable to get as much power as he requires, I am 
quite sure that by adding another cylinder, say three or 
four times the area of the original one, that the benefit de- 
rived will well repay him for the cost and trouble of the 
alteration. With these remarks I close this letter, 


Remaining yours truly, 
Calcutta, June 27, 1876. a. 
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COVERING STEAM PIPES. 
To THe Eprror or ENGINEERING. 

S1x,—In your number of July 7th, I noticed a letter 
qpenking of a simple composition for covering heated sur- 
faces. it in your opinion safe from firing? 

Carpenters ape sawdust will fire of itself if left in 
heaps under certain conditions. Does the flour obviate or 
do away with this likelihood ? 

Your reply will oblige, 
Epwarp Unwin. 
109a, Cannon-street, London, E.C., July 18, 1876. 

[Perhaps; our correspondent who recommended the com- 
m referred to can afford some information concerning 
point now raised.—Ep. E. } 
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WATER SUPPLY TO IQUIQUE. 
To Tue Eprror or ENGINEERING. 
Sre,—Having seen in your numbers of March 10th, 24th, 
and 3ist, 1876, some articles referring to the supply of 
water to Iquique, Peru, I beg to call your attention to the 
of the contracts and concessions for said sup- 
. [have read the articles published by Mr. G. Fitzroy 
Tpedeteg ge e Tane conesstien i on a 
years fora company wa! uique, soliciti 

shareholders and ing the its which 
accrue to said olders by investing in this under- 
I have also the concession for the same purpose, but under 
other conditions, and with older and better titles than those 


i 


of ‘Me, @. Hitereg Cole. 
In the 1870, the Government of this country au- 
thorised a Peruvian fo make, of his own cost, the necessary 





plans and ifications for the purpose of supplying water 
fo the Port of Iacinos- Kad an serdve Nag: = his own 
capital, which was considerable, and said Ss were ap- 
proved by the Government, who, in the event of a contract 
not being made, would refund the expenses incurred. The 
contract was made in 1872, with the same individual, for 
the construction of the works, which the Government would 


pay. 

ta July, 1872, the original contractor transferred his con- 
tract to me, by authority of the Government, as it could 
not be transferred without such authorisation. A decree to 
this effect was promulgated by the Government leaving all 
the responsibilities to me on 17th July of same year 1872 ; 
and from that date till now, there still remains 100,000 
soles in the National Treasury as a guarantee for my fulfil- 
> contract,which was duly made by the public notary 
of the J 

Awaiting a notification from the Government that =z 
were in a position to pay the cash for executing the wor 
the year 1874 arrived, without the Government being in a 
position to fulfil their part of the contract, which was to 
find the money ; when it came to my knowledge that Mr. G. 
F. Cole had solicited permission from the municipality of 
Iquique to execute the above works, on account of a com- 
pany which he proposed formi I then protested to the 
municipality, and again pro d when the Government 
conceded to Mr. G. F. Cole last year the permission to 
carry forward said works, and I presented myself to the 
Supreme Court of this country, which is the one named to 
judge the acts of the Government in their contracts with 
private individuals, asking it that it should compel the 
Government to fulfil the contract it made with me. 

Such is the state of the question as it now stands. 

I remain, Gentlemen, yours obediently, 


THos. Harr. 
Lima, Peru, May 27, 1876. 








STREET TRAMWAYs.* 

By Mr. P. B. Coauuian, Borough Surveyor, Sheffield. 

THERE have been so many admirable reports made on 
the subject of tramways by several members of our Associa- 
tion that I feel considerable hesitation in bringing it before 
you this morning, but my apology is that I find a great 
difference of opinion on several points on which it is our 
duty to advise the local authorities ; and I think a discus- 
sion and interchange of ideas would be of great ——— 
to many of us in arriving at definite conclusions. The 
subject naturally divides itself into working and construc- 
tion. I put working first because, althongh the local 
authorities are prohibited by the 19th sec. of the Tramway 


| Act, 1870, from working the tramways (and I do not sup- 


pose that any alteration will be made as to this prohibition) 
yet the question of how they are to be worked is important 
in considering the first laying out of the lines to be authorised, 
and also affects the form to be adopted for construction. 
Everything that affects the wear and tear of the tramways, 
and their value as a going concern, is important to the local 
authorities, inasmuch as a term is fixed (generally twenty- 
one years), at the end of which the tramways may be pur- 
chased by the local authorities, and a fresh lease granted 
for the working of them. I my pd at once that I am 
quite of opinion that long before this period terminates such 
improved machines will have been made that the consent of 
the local authorities and Parliament will be obtained for 
the working of the tramways by other than horse er ; 
and that the tramway companies will find it to their inte- 
rest to abandon, in most cases, the use of horses for carry- 
ing on their traffic. With reference to the sort of traffic 
for which the tramway should be laid out and constructed, 
although, by the 25th section of the Tramway Act, it is 
evident that Parliament intended the carrying of heavy 
goods on the tramways, I cannot think that (excepting in 
very rare cases) they will be used in this country for any 
but passengers. 7 trucks would require a groove in 
the rail much deeper and wider than would be safe or con- 
venient in the streets, or else they would require to be 
transported along the tramways on a “bogie” or track, 
which I do not think the tramway companies would care to 
provide. ‘* Goods ’’ traffic would require sidings, and depéts, 
and a staff, and organisation much in excess of what is 
required by passengers, so I think we may dismiss that from 
our consideration of the subject. The speed allowed on the 
tramway comes before us in the settling of the bye-laws. 
This is under the control of the local authorities, and I 
think it is evident that, as a rule, in the streets or suburbs 
of a town, the speed should never exceed ten miles an hour. 
In laying out or constructing the tramways, therefore, I 


should provide for mger traffic only, carried on by 
either mechanical or horse power, at a speed not exceeding 
ten miles an hour. One of the most important advantages 


of the tramways to the local authorities is the saving of 
maintenance of the streets,as experience shows that the 
heavy traffic uses the portion of the road on which the rails 
are laid in erence to the sides. The tramway companies 
consequently save the strect authorities the greater portion 
of the cost of maintenance of any street in which rails are 
laid. I conclude, therefore, that town authorities should 
always consult their own interest in having a double line 
laid in preference to a single line in any street sufficiently 
wide to allow the sta width of 9 ft. 6 in. between the 
rail and the footpath. 


and uired he Ge aie 
crossings, curves req' or si or 

places of a single line is very great ; the wai of the cars 
at these places creates a nuisance and 

traffic of the street. All this is avoided by the 


an im ent to the 
ing out 
and construction of double lines, instead of single lines. In 


narrow streets there would to be very great objec- 
tion to allowing tram to be constructed at all, but I 
find that even where double lines have been laid for a con- 





* Paper read before the Association’ of Municipal and 
i Engineers. - 
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siderable distance in streets 18 and 20 ft. wide, the balance 
of convenience is in fayour of the tramways. The con- 
venience of the means of regular locomotion seems to out- 
weigh, in the opinion of the residents, much of the incon- 
venience and interference caused by the passage of the cars. 
But a good deal depends upon the sort of traffic in each 
such case, and upon the class of houses abutting on such a 
thoroughfare. ere only a short length of t i 
narrow it is not always best to reduce the tramway to a 
single line at that p It is better either to e the 
“up” and *‘down” lines approach each other, so that, 
though the cars cannot pass each other at that place, the 
‘‘up” and “down” lines are distinct, or else lay in cross- 
over roads at convenient intervals, so that, when necessary, 
the tramway car may take its a side of the road to 
pass any obstruction at that place. It is very objectionable 
to have a “ end’’ or terminus in a.street in the middle 
of a town, and, if possible, a loop should be made, so as to 
avoid the inconvenience of reversing the horses or engine, 
or, if this is not possible, the tramway cars should run 
through from one suburb to another. The question of 
working power will, I expect, come on immediately for the 
consideration of the | authorities, as no doubt any per- 
mission granted by Parliament will be subject to leave 
being granted by the local authorities to substitute any 
other power for horses. At present the Locomotive Acts of 
1861 and 1865 are prohibitory against the use of anything 
but horses on tramways, but in the following cases the use 
of power other than horses has been authorised, subject to 
the approval of the Board of Trade and the local autho- 
rities, viz.. the Wantage Tramway (Berkshire) and the 
Vale of Clyde Tramway. In 1871 an Act was passed 
authorising the use of steam on tramways in Ire , and 
in 1872, on the withdrawal of Mr. Cawley’s Bill for the 
same object in England, a special committee was appointed, 
which, after hearing evidence, made a long report, recom- 
mending that locomotives, weighing less than six tons, 
making no sound from the blast, and consuming their own 
smoke, be permitted to travel at the ordinary speed of 
vehicles drawn by horses. The rt further says, ‘‘The 
committee do not think it adviseble to make any recom- 
mendation as to the employment of steam on tramways, 
but that they have rectived: evidence that the control and 
stoppage are at least equal to that possessed over ordi 
tramway cars drawn by horses, while there need not be any 
noise greater than that produced by the movement of the 
car.’’ Since then great improvements have been made, and 
several engines have been tried and used with more or less 
success. The most promising that have been tried in this 
country are that of Mr. Hughes, of Loughborough, near 
Leicester, and that of Messrs. Merryweather, of London. 
The former is noiseless, and emits no steam (which is con- 
densed), and the tank must be emptied at the end of each 
journey. The weight is about six tons on 4ft. wheel base. 
t is not satisfactory, however, to see the driver on the top 
in a position in which, though it may be best for seeing 
the road, he cannot see the water gauge; so that there is 
risk of the water getting too low, on a gradient of one in 
ne Ay thirty, when the engine is considerably tilted. 
But this, and other objections which showed themselves in 
its —— working on thetramways through Leicester, 
can, I think, be got over without much difficulty. Merry- 
weather’s engine is much lighter, and appears to be all that 
can be desired, with the important exception that the steam 
escapes in a way that is objectionable in this country. In 
Paris this is not considered such an objection, and several 
are at work on the street tramways there, and, I have 
heard, give satisfaction. Other steam engines have been 
tried on tramways at various times, such as Perkins’s 
engine, tried on the Brussels tramway, and Downe’s engine, 
tried at Birkenhead, but I have not heard that the results 
have been satisfactory. The steam car built by the late 
Mr. Grantham, and tried several times on the tramway in 
Vauxhall Bridge-road, has been modified and tried at 
Birkenhead, but I cannot think that it will ever suit the 
jar exigencies of tramway traffic to have the steam 
power in the car; and I don’t think this combined tramway 
car and engine will be adopted, even if it were much more 
perfect than it now is. Several other systems besides steam 
engines have been tried for tramway traffic. Probably the 
best as yet is that of Mekarski, which is propelled by com- 
pressed air of 25 atmospheres, stored in eight iron re- 
servoirs from 12 to 16 inches in diameter, p underneath 
the carriage, and connected with each other. The com- 
wy air required for consumption passes through water 
eated to 340 F’., contained in a tank at one end of the car, 
and drives a a ot of a having expansion and re- 
versing gear. on a system of compressed 
air is that of Moncrieff, tried at Glasgow ; and Major Beau- 
mont is working in the same direction. All these, of course, 
require a esanny capes to fill the cylinders to be used 
for each asp and though it is possible they may super- 
sede steam, I should not expect to see animal power aban- 
oe ee Sw a eh twee Sor im a in 
such engines as Hughes’s or Merryweather’s. With regard 
to the economical question between horse power and steam, 
which only affects corporations so far as it shows what 
efforts will be made to obtain authority to make the substi- 
tution, I may mention that, on an average, it takes ten 
horses to work each tramway car holding thirty-six pas- 
sengers. This entails a capital expenditure of say 4501. for 
rses and harness, and about 2001. for stabling, &c., 
that the first cost of the engines and 


sheds and 
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ever, that the introduction of*steam on tramways will lead 
toa much greater extension of tramways along suburban 
and country roads than is possible where ee only 
is allowed. I now come to the second branch of the subject, 
viz., the construction of the tramways. The introduction of 
steam power will, in my opinion, give the coup de grace to 
the system of using longitudinal sleepers for the 
rails. It might be said that this is contrary to our expe- 
rience on railway permanent way; but I think it is not 
so. In railway permanent way the block or rigid system 
was admirably adapted to the traffic expected at the time. 
It was only the greater speed of twenty and forty miles an 
hour that showed the necessity for a more elastic road. 
The jumping and hammering caused by such s shook 
the rolling stock to pieces on a perfectly rigid road, but 
when the speed is limited to ten or fifteen miles an hour 
there is no such vertical motion in the carriage, except 
when the rails are out of level, and except at the joint of 
the rail. A perfectly rigid bearing is best for the tramway 
traffic which does not exceed ten or fifteen miles an hour, 
there is no doubt, however, that with steam engines the 
average ne will be increased, and the joints of the rails 
laid upon longitudinal sleepers will give way much quicker 
than they are now seen to give way on the tramways laid 
on timber. I do not know that any system of permanent 
way is quite satisfactory, even on railways, and the same 
remark applies much more forcibly to tramways. In the 
timber system, as;laid in London, Liverpool, Middlesbrough, 
Dublin, and other places (including part of the Leeds tram- 
ways), I think the construction is unsatisfactory, because 
the road is elastic ; and, though there are iron plates under 
the rails at the joints, a depression of the rail and a jolt of 
the car is generally to be found there, and this would be 
worse with an increased speed. Besides, I don’t think the 
longitudinal sleeper properly holds the side fastenings gene- 
rally used to clamp the rails to the sleeper. The alternate 
wet and dry so near the surface of the road must have a 
prejudicial effect on the timber, and particularly at the. 
curves, where the timber has to receive vertical cuts, about 
an inch or two in depth, in order to bend it round, to cor- 
respond with the required curvation of the rail. If cross 
timbers could be used, I should think a satisfactory tram- 
way might be constructed with wood, but, as long as we 
require the surface of the road to be paved, a difficulty will 
arise, on account of the impossibility of bedding the paving 
stones satisfactorily where the cross timbers occur. Mr. 
Deacon (borough engineer, Liverpool), has designed a 
tramway which he considers specially adapted for towns 
such as Liverpool, in which the porn tealie is very 
heavy. The advantages claimed by Mr. m are, that 
a uniform bearing is secured for both pavement and rails, 
by forming a Portland cement concrete foundation beneath 
the whole street. The sleepers, which are creosoted to the 
heart, rest upon the smooth surface of the concrete. The 
rail is of steel, and trough-shaped, and weighs rather more 
than 60 lbs. to the yard, though the width is only 34 inches 
(the usual width being 4 or 44 inches). The depth of the 
flange and consequent transverse strength are therefore 
exceptionally great. The top of the sleeper is formed to fit 
the trough-shaped under side exactly. One of the objects 
sought has been to connect the rail with the underside of 
the concrete foundation in such a manner that while full 
advantage is taken of the rigidity of that foundation a slight 
elasticity is secured by the presence of the timber sleeper. 
With this end in view a cast iron washer is bedded in the 
lower part of the concrete, and from this washer a bolt is 
brought up 24 inches above the concrete, and screwed with 
a right-handed thread, and the sleeper having first been 
drilled vertically, so as to admit this bolt, is placed in posi- 
tion. A second bolt, having an eye at its upper end, and 
being screwed with a left-handed thread, is connected with 
the lower bolt by a large right-handed nut. Throngh the 
side flanges of the rail two opposite holes are drilled, and 
the eye of the upper bolt having been placed between them, 
a three-fourth inch pin is inserted to connect them. By 
screwing up the nut, engaging the lower right-handed and 
the upper left-handed bolts, the rail is. drawn down to its 
position, and holds the timber sleeper, which acts merely as 
a packing piece in position between the rail and the concrete 
foundation. These fastenings are placed at every 3 feet. 
The sétond object claimed was greater uniformity of the sur- 
faces of the rails and adjoining setts. The whole of the 
setts, with the exception of those immediately adjoining the 
rails, are laid upon half an inch of sand. The setts next to 
the rail are carefully picked, and, if necessary, dressed, and 
are alternate wholes and halves. The two extreme ends of 
the base of each rest upon the concrete. The stability of 
the whole pavement is further insured, and it is expected 
that the surface water will be prevented from penetrating 
to the sand, or to the sleepers, by filling the joints with a 
bituminous composition. With the object, on the one hand, 
of obtaining a larger tread for the tram wheels, and, on the 
other, of reducing the inconvenience to ordinary traffic 
i ble from the existence of a broad iron rail, the 
groove and wheel flange is placed in the middle, and thus, 
while the tread and life of the wheel are mcreased, the 
width of the rail is, as already stated, reduced to 3} inches. 
I consider Mr. Deacon’s system to be very ingenious, but I 
don’t think a timber r 3 inches wide (even though it 
may be 6 or.7 inches deep), can possibly make a permanent 
job, particularly when it is cut about for fastenings, and at 
curves. Besides, it would cost as much to tighten up these 
fastenings as it would to put in new fastenings on the ordi- 
nary system, and I do not see any equivalent advantage in 
the additional first cost. I should gladly support any 
scheme for reducing the width of the rail to a minimum, 
but I am compelled to object to the groove in the centre of 
the rail, because I do not see that any advantage is given 
sufficient to compensate for the additional mip power 
required for the cars on this form of With 
the bearing surface of the wheel on one side only of the 


dust into the groove. [have formed a favourable opinion 
of the plan recently submitted by Mr. Souttar to the Man- 
chester tion. This may be described asa tramway 
laid with 1 rails fastened by side fasteners to a con- 
tinuous timber sleeper, and this laid upon cross J 
embedded in Portland cement concrete. Considerable im- 
provements, however, have been made in the rail fastenings 
and s' , a8 ordinarily used in this system. The objection 
to all side fasteners is: that they keep the pa stones 
away from the rail, thus leaving, ween the stone and 
the rail, a hole or interstice, and as these fasteners are ve 
frequent (there being 14,000 of them in a mile of double 
way) it is evident that these holes must be a great nuisance. 
This difficulty (as regards the fastener) is met by a slight 
modification of the rail. The flanges beneath are brought 
in ¢ of an inch, exactly the thickness of the clips, and, by 
uging out a small piece of the longitudinal sleeper, the 
ean is driven in flush with the sleeper and the 
side of the rail, and thus the paving stones can be got dead 
up tothe rail. The same improvement in the rail meets the 
difficulty as re; the bracketing of the cross sleeper to 
the longitudinal. Instead of using cast-iron brackets, bent 
wrought iron yin. thick, spiked in counter-sunk holes, are 
used, so that the bracket is fastened without leaving any 
projection whatever. sleepers, narrow on the top, 
and widening towards the bottom, are proposed, whichlis ex- 
pected to prevent the constant vibration now so frequently 
complained of on roads constructed on this principle, but in 
the ordinary way. I now come to the various 8. of 
ermanent way for tramways, in which all the parts are of 
iron. Some of these have longitudinal iron bearings, such 
as Dowson’s used a arg eee and ier fad se - oy 
Ayres, in which I think, among other objections, the longi- 
tudinal sleeper has not sufficient bearing on the foundation, 
and a recent invention of a Mr. Barker, which is the 
best of this class. This is a cast-iron -trough, on the 
continuous bearing principle, and may be deseri as 
turned over, and the bottom of the trough (being the 
upper surface when laid) formed so as to receive a T rail. 
I am afraid the —s proposed, namely an iron key 
through the web of the and the cast-iron, is not quite 





thick, which forms the foot, as laid, is liable to be broken 
by the paving stones when rammed close to the rails, and 
then we have the objection to all longitudinal bearers of 
cast-iron, namely the number of joints and consequent 
fastenings, and the difficulty that arises in the slightest 
deviation of the rails from a straight line, consequent on 
the curvature of the road or route of the tramway turn- 
outs, &c. Of other systems of iron permanent way, we 
have that of Cockburn Muir, used at Monte Video; Nis- 
mann’s, laid, I am told, in part of Vienna ; and Kincaird’s, 
which has been very much used in this country, having been 
laid in the Leeds, Sheffield, Bristol, Hull, and eter 
and Batley Tramways. In Leeds it is laid side by side wit 
the portion of the tramway laid on longitudinal w 
sleepers, and shows great economy in cost of maintenance 
over the wooden system. Kincaird’s system, as first laid at 
Sheffield four years ago, was fastened by means of sp’ 
passed vertically throu; h the rail into the wooden plug in- 
serted in the cast-iron chair, but this was found to be a v 
bad style of ———) as the tops of the yikes wear off, 
and there is diffi in renewing them ; but the objec- 
tion can be obviated i 
into a wooden plug inserted horizontally into the chairs, 
and clamping down the rails. The chairs are of such a 
form as give a good broad support for bearing on the con- 
crete foundation, and at the same time allow the concrete 
to be bedded —— and around the chair, so as to make a 
true block road. e chair and concrete, when properly 
laid, form one solid block. This sort of support sui ir- 
ably, not only in'the otaigh road, but also in all curves, and 
points, and crossings—and it is so easily repacked with con- 
crete, that I don’t think any failure in the road ought to be 
allowed ; even at the joints with high speeds. The rails lam 
using now are of steel, but it may be a question whether on 
steep gradients they will give sufficient bite for tramway 
cars descending. The points generally used have been too 
short, and even lengthening them to 8 ft. is not sufficient. 
A point that can be acted upon by the driver of the car as 
he approaches, so as to enable him to take whatever road 
he wishes, would be a great desideratum. I believe several 
have been tried, but none are satisfactory. Before con- 
cluding these discursive observations on a matter to which 
my attention has been directed, as borough surveyor of 
Sheffield, I should say that I have — omitted 
remarks on an important branch of the subject in whieh 
municipal officers have to advise their respective corpora- 
tions, namely—the terms on which the required consent of 
the local authorities should be given before the Parlia- 
mentary sanction can be obtained. I donot purpose to gi 
an opinion on this subject. The corporations of id 
and Bristol are, I believe, the only ones that have laid the 
tramways at their own expense, and different circumstances 
as to time and place may affect the question in various 
ways. It is a fair subject for discussion and involves man 
weighty considerations. I wish only to say, that I think 
tramways have proved to be a very important public con- 
venience in the towns in which they have been laid, that 
the contributions to the rates, and maintenance of the roads, 
made by the companies working the tramways, are matters 
of importance to the local authorities, and I think it is in 
their interest generally to encourage the extension of these 
undertakings, not only in the la of them down in the 
first instance, but ef ap the develo pment of a more 
satisfactory and profitable mode of working. 





Forrien Mecuanicat InpustRrY.—The Creusét Works 
have just constructed some locomotives on the Mallet 
system which are intended for use on a line of local interest 
between Ba; and Biarritz. The Cologne and Minden 
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FOREIGN AND COLONIAL NOTES. 


French Mechanical Industry.—The its realised 
ths Terre-Noire Forges and Foundries for ist 
seach Ri scoped wg 
pro’ com: year were thus only abou 
half as. as in 1874, this adverse result was of course 
attri’ to the diminished of the Freneh iron 
trade. The — gives its a dividend of 
16s. per share for 1875 ; the corresponding distribution for 
1874 was 11. 12s. per share. 
The Next French Ewhvbition.—An official. contradiction 
has been given to a rumour that it is intended to postpone 
the French International Exhibition of 1878. 
Encroachment of the Sea.—Since the commencement of 
the Madras harbour works the sea has been ually but 
steadily encroaching on the beach at Royalpooram, and 
a groyne to the north of the railway-shears,'round which 
one could _ dry-shod a few months since, now some 
6 ft. of water at the end of it. One result of the continuous 
scour which is going on is that a large number of iron rai 
the property of the Madras Railway Company, have been 
disembedded. These rails must have been where 
they are now being found about the time of the commence- 
ment of railway operations in the Madrag presidency. 


Great Northern Telegraph Os eeny ae number of 
telegrams forwarded by this company in the first half of 
this year was 334,800, as com with 337,911 in the 
first of 1875. The receipts of the company in the first 
six months of 1876 were 89,575/., as compared with 77,2311. 
in the first six months of 1875. 


Electric Lights at Sea.—The French Transatlantic Steam 
Navigation Company has placed a powerful electric light 
on board its steamer, the Amérique. The light can be seen 
at a distance of 15 miles at sea, and it lights the ship so 
perfectly that all the details of the equipment and ri 

can be plainly discerned at a distance of more than a 5 


Foreign Railway Mat erial.—Messrs. Adhemar Le 
and Co., of wats. have obtained an order for 540 waae 
from the Roumanian Government. The Berlin, Potsdam, 
Magdeburg Railway Company is about to let a con- 
tract for 1100 tons of steel rails. 
Steel Rails at New York.—In 1864-5, the cost of steel 
rails delivered in New York was about 185 dols. per ton. 
In 1866-7-8 the price receded to 160 dols. per ton; and in 
1869 there was a further fall to 132 dols per ton. Since 
1869 quotations have experienced a still further material 
and important reduction. Thus in 1870 the average current 
rate was 106 dols. per ton; in 1871, 102 dols. per ton; in 
1872, 112 dols. per ton ; in 1873, 120 dols. per ton ; in 1874 
94 dols. ton ; —= 1875, 75dols. per ton. In this now 
gradually waning , prices are ranging between 6 
and 60 dols. per ton—a rate much lower than t 


ooden | some of the earlier Bessemer steel works paid ten years 


since for Cumberland pig iron. It is now not much of an 

tion to say that Bessemer steel rails can be pro- 
States nearly as cheaply as iron ik. 
Nova Scotian Railways.—A com , under the title of 
the Nova Scotia, Nictaux, and A ic Central Railway 
Com , has been o1 i at Halifax with a view to 


the co: ction of a railway from a point on the Windsor 
Annapolis Railway to the Atlantic coast. The Nova 
Scotian Legislature promises a liberal subsidy in aid of the 


line. The promoters of the undertaking are Ci New 
York capitalists. pe eraeny 
Begian Coal Imports.—In the first five months of this year 
297,000 tons of coal were imported into Belgium, as com- 
wed 138,000 tons in the corresponding periat of 1874. a 
y ms in the correspon’ o! . In 
the first five months of this year, Great itai 
Belgium 152,000 tons of coal ; corresponding deliveries 
in the first five months of 1874 did not exceed 70,000 tons. 


Rails for the Rhenish Netherlands.—The Acoz Fi 
Comet has obtained a contract for 800 tons of iron rails 
for ti henish Netherlands Railway Com at 61. 10d. 
per ton delivered at the works. Messrs. Bolckow, Vaughan, 
and Co. (Limited) submitted a lower tender ; nevertheless, 
the order for the rails was given to the Belgian company. 


A Moral Improvement Taw.—Mr. A. 8. Hewitt, presi- 
dent-elect of the American —— of Mining Engineers, 
advocated in a recent address at Philadelphia a tax of five 
cents per ton on coal to be applied to the moral and social 
ere o working miners and their families. The 
tax which Mr. Hewitt proposed would, he stated, produce 
1,000,000 dols. per annum. 


New French Railways.—The Paris, Lyons, and Medi- 


terranean Railway Com Ie gy 0} a section from 
Hyéres to the Selins d’Hyéres. The Western of France 
Railway Company has 


a portion of a line 
between Estaimpius and Mottevill 

The Missisippi.—Work on the Mississippi river jetties 
has ob fin, tnt. Cuptein ele uae stemtie 
enabled to eee Seek Sa a channel which has 
about one-third of the water of the 

South Pass. The closing of this i 
h the Pass, that in in 


scour. i 
tell on the main bar, and, io a state its effect is 
already so marked that t can over the main bar 
any vessel drawing 20 ft. of. water. 
Water Supply of Simla.—The lo-Indian Goyern- 
ment has pet dol an pea roe 100,000/. for the 
** sanitation” and water supply of Simla, 








, the groove, to a certain extent, cleans itself, but with 
“the fearing surface on both sides, theflange wedges dirt and 


yonne 
Railway Company is about to let a contract for 4000 tons of 
cast steel rails, ’ of coal 
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to 33,1601. 


cars at work. 
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ON SIR WILLIAM THOMSON’S 
SIPHON RECORDER. 


Tue siphon recorder, as now applied to the 
recording of messages through submarine cables, is 
without doubt one of the finest mechanical creations 
that ever grew out of the inventive genius of man. 
It is the acknowledged chief of telegraphic ‘‘ receiv- 
ing” instruments both for fitness and beauty. Even 
the uninitiated,who view thedelicateglass pen at work, 
writing its message on the moving of paper, 
obedient to the sender’s hand, many hundreds of miles 
distant, cannot but feel its beauty; but our admiration 
is increased when we learn the completeness of the 
instrument in all its complex parts, its self-depen- 
dence as a whole, and the ingenious provisions for 
combining with its great sensibility, a high range of 
practical application to cables of different lengths, 
under various climatic changes, at widely distant 
stations on the earth’s surface. 

It has been for years used by the Great Northern 
Telegraph Company, the Eastern, the French At- 
lantic, the Brazilian Companies, and has had to 
contend with a wide variety of climate, from a 
Russian winter to the tropical heats of Bombay or 
Parf on the Amazon; and notwithstanding its deli- 
cacy, it must be considered an eminently practical 
instrument when intelligently treated. 

The siphon recorder is Sir W. Thomson’s second 
great contribution to the province of practical tele- 
graphy. His first was, as is well known, the mirror 
galvanometer, by which he rendered the first At- 
lantic cable enterprise a commercial success. The 
retardation of electric signals on submarine cables, 
by the inductive action of the sea water outside, is 
such that the signal current travels in a wave-like 
form from one end of the cable to the other. It is 
feeble at first at the receiving station, then gradually 
increasing in strength it attains its maximum, and 
finally dies away again. If it were necessary to 
wait until each signal reached its maximum at the 
receiving end, before sending another into the cable, 
the rate of transmission would be very slow on long 
cables, but this is not necessary. A succession oi 
signals may be sent into the cable, following each 
other so closely as to encroach upon each other, 
and partially coalesce at their bases like a series of 
quickly succeeding waves of water, leaving only 
their crests distinct from each other. It is necessary, 
however, that the receiving instrument should be 
sufficiently sensitive to take cognisance of these 
separate crerts, for they correspond to the separate 
signals of the message. In the mirror galvanometer 
a large spot of light is made to travel up and down 
a scale obediently to these fluctuations of the cur- 
rent in the cable, and, being a most delicate current 
indicator, the speed of sending may be such as to 
render these fluctuations only a very small fraction 
of the full strength of the current in the cable. 
Beautiful and useful as the mirror galvanometer is. 
it has one great drawback, inasmuch as its signals 
are evanescent; they vanish with the light spot on 
the scale, and the liability to error in reading is 
correspondingly great. It isa great advantage to 
have a receiving instrument which will record the 
message on black and white. But in order to effect 
this mechanically, an inking appliance, moved by the 
current, is required, and the mechanical force which 
this involves necessitates a considerable current 
strength, unless the application is very light, There 
have been many varieties of ink recorders in use on 
land lines where strong currents worked by relays 
can be used, and the loss of time from retardation 
does not come sensibly into play; but it was re- 
served for Sir W. Thomson to supplement his first in. 
vention by another almost equally delicate, and pos- 
sessing the great advantage of recording its signals. 

The principle of the siphon recorder is almost 
the reverse of the mirror galvanometer. In the 
latter there is a large coil of wire with a small mov- 
able magnet, carrying a mirror suspended in its 
centre. When a current passes in the coil the mag- 
net moves. The motion of the mirror attached 
thereupon throws a reflected beam of light along a 
scale. In the former there is a large magnet with a 
small movable coil of wire suspended between its 

oles, and when a current passes in the coil the coil 
itself moves. The movement of this coil in the 
magnetic field is communicated to the siphon pen, 
which thereupon writes the m ‘ 

We will fiist give a general description. of the re- 
corder, and then proceed to elucidate all the. neces- 
sary actions which contribute to the main function 
of the machine, and to describe in some detail the 
various organic parts which fulfil these duties, 


. . 1 and-2 on the follo represent a 
front view of the siphon i eerhe 

parts are the mouse-mill D, the large si electro- 
magnet M M, and the signal coil L, situated between 
the — of the signal et. The more intricate 
mechanism in front, ‘marked by smaller. letters, is 
part of the ink and paper arrangements; 80 also is 
the large pulley X below. t efoke ) 

The mouse-mill is asmall electro-magnetic engine 
propelled by a battery, and its purpose is twofold. 
It is used, primarily, to generate’ statical electricity 
by means of induction wherewith to highly electri 
the ink, so that, it may flow through: the delicate 
capillary siphon pen. In order to generate the supply 
of electricity necessary. for this, the drum O is caused 
to rotate by electro-magnets, and the rotation ‘is 
taken advantage of, secondarily, in drawing the 
paper past.the point of the siphon... 

The function of the signal magnet M M, of which 
M and M are the — poles, is to create a suffi- 
ciently intense field of magnetic force or highly 
magnetised space. When a current passes along a 
wire in a field of magnetic force in a direction across 
the lines of force, the wire experiences a real mecha- 
nical impulse, tending to urge it in a direction per- 
pendicular to the plane between it and the line ‘of 
force which it cuts. Thus in Fig. 3, if 2 s represent 
lines of magnetic force across which a current ¢ is 
passing in a wire, the wire will experience a tendency 
to move bodily in a direction perpendicular to 
plane of the paper. If now (Fig. 4) the current c, 
after passing down, be made to pass up again across 
the lines of force, the parts of the wire carrying the 
downward current would tend to move in an oppo- 
site direction to the part carrying the upward cur- 
rent. Both would tend to move perpendicular, to 
the plane of the paper, but one towards the other 
from the eye; and if the wire were suitably pivoted 
or suspended at top and bottom of c¢, c, it would 
really tend to rotate. This is the principle of the 
siphon recorder, and it is carried out as follows : 

In the powerful magnetic field of the signal 
magnet the lines of magnetic force are very nearly 
parallel and straight between the two poles. 

The signal coil S, consisting of a great many turns 
of fine wire each similar to that in Fig. 4, is sus- 
pended in this magnetic field so that the long sides 
of the coil cut the lines of force at right angles, and 
when the signal current coming in from the cable 
is passed through this coil to earth, the coil is de- 
lected from its zero position, and tends to rotate 
round its axis across the lines of force. Under the 
action of opposite currents this rotation is reversed. 
and the coil rocks to and fro. 

‘The instrument stands on a mahogany framework 
B B, Figs. 1 and 2, supported by three stout ma- 
hogany pillars A A. 

The signal magnet M Mis al electro-magnet, 
or rather two electro-magnets and M, whose 
outer poles are connected aad thereby mutually 
neutralised by the semi-cylindrical soft iron armature 
N N in which they rest. Each section consists of a 
large soft-iron core coselely wound with large size 
silk-covered copper wire of high conductivity. The 
exciting battery may be passed through both these 
coils joined up “in series” or in “multiple arc,” thats 
to say, the current may ‘be sent through one coil 
after the other in succession, or it may be divided 
simultaneously between them, From the diminu- 
tion of resistance in the multiple cireuit this last 
method gives the most powerful effect. The re- 
sistance of each coil is about 7 ohms. Any one coil 
can be used singly. Besides these three means of 
modifying the intensity of the magnetic field there 
is of course the general one of varying the battery 
power itself. The terminals for connecting up the 
battery to the magnets are not shown in Figs. | and 2, 
being all situated on the left-hand side of the. in- 
strument. piper 

The ends of the round soft iron cores forming-the 
free poles of the electro- ets are each chamfered 
off to an oblong edge, slightly hollowed so that 
they may be brought as closely as possible to.the 
sides of the signal coil without impeding its motion, 
The space within the sides of the signal-coil other- 
wise empty is filled up by an oblong piece of soft 
iron, which has the effect of concentrating the lines 
of magnetic force more strongly upon the sides of 
the coil which surrounds it. Bos 

The signal coil is made of many hundreds of turns 
of No. 44'silk-covered copper wire stiffened. with 
shellac. Its resistance is usually about 500 ohms, 


The force tending to displace the coil from its 
zero position is proporsiogsl to the intensity of the 


strength of current in the coil, 





magnetio field, to 





OyeT @il: 


Figs. 6 and6 show the: 


SS et ee of wire in the 


- eae on of the signal 
il ¢ ¢ in an en form. : upper suspension 
is unifilar, the lower bifilar; this gives w dates 
force to the coil, and brings it always back to its zero 
position after being di by the current. 

Itvis that the signal coil should hang 


evenly about the soft iron centre-piece or magnetic 
induétorss, This is done on first setting up the 
instrament. Thus the coil can be raised or lowered 
by turning r, Fig. 5, and it can be moved backwards 
and forwards by easing the screw w, which carries r, 

shifting it and then reclamping it again. This zero 

position of the coil is maintained by the ‘two cords 

66 attached at one end tothe bottom of the coil, 

and at the otherto two lead weights y y, which slide 

in the guides ¢z. These cords pass under a brid 

#, having several grooves by which they may be 
separated or brought nearer to each other. This 
bridge can also be shifted up and down nearer to 
or further from the coil. By both of these adjust- 
ments the period of the signal coil may be varied. 
With the first by separating the cords further the 
directive force is increased, and also the rate of 
oscillation of the coil, .With the second by shifting 
the bridge nearer to the signal coil the same effect 
is produced. The action of the bridge in bending 
the, cords will be seen in Fig. 6, where y is the 
screw for shifting it. 

We come now to the arrangement by which the 
motion of the coil-is communicated to the siphon 
and the’marking produced, _ In Fig. 6, v is a tough 
flaxen fibre connected to the upper corner of the 
signal coil, and going to a tiny wooden lever uw 
pivoted at», From w another fibre goes to the 
siphon ¢. In some instruments there is but a single 
fibre connecting the coil to the siphon, but gene- 
rally the lever » is introduced to multiply the motion 
of the coil. 

The siphon and ink holder are supported from 
the rest of the instrument by an ebonite bar L pro- 
jecting in front. They are thus also insulated from 
the rest of the instrument for a special purpose 
about to be explained. 

The siphon is made of tough soda lime glass tube, 
drawn out into the fineness of a bristle. The length 
of its longer limb is usually about 2 in., that of its 
shorter, which dips into the ink, about lin. The 
nose is bent inwards towards the paper aud either 
nicked square across by a blade of high temper, or 
melted in a flame, or ground to smoothness on a 
hard stone, so as to insure a good point. 

The siphon is carried by a light aluminium sling 
or cradle, which is rigidly attached to a fine 

latinum wire stretched between two springs //, 

ig. 7, carried by the bridge ii, which is easily 
identified in Fig. 6. It is always temporarily fixed 
in this cradle by a little beeswax cement. 

The fibres connecting the coil and siphon must 
always be sufficiently tense, and the normal position 
of the siphon when at rest vertical. The first of 
these conditions is insured by loosening the screw/, 
Fig. 6, and sliding the bridge ii to or fro, and by 
working the screw n; the last by turning one or 
other of the screws //, Fig. 7, so as to twist. the 
cradle into a new position. 

The best ink found for the siphon is soluble 
aniline blue, It is very fluid, and gives a deep 
stain, Theink is heldin a brass box %, with a 
sliding cover to keep out the dust and prevent 
evaporation, 

‘The paper slip is white, about fin. wide, and of 
a finer quality than the ordinary ‘: Morse” paper; 
it being of importance that the surface shouid be 
smooth and even, and the texture not too thick. It 
enters the instrument from the right-hand ‘side, 
being passed under the spring a, Fig. 1, to keep it 
stretched, then over the roller 4, and vertically down- 
wards over a flat writing tablet c past the marking 
point of thesiphon #7. It then between the 
rollers d and e, and is there given off on the left. 
The motion of the mouse-mill is communicated to 
the rollers de, which draw the paper forwards by 
the shaft and pulleys, seen between the legs A A, 
Special adjustments are — for releasing the 
paper for regulating the distance of the paper 
rom the point of the siphon, for bringing the zero 
line made by the siphon to the middle of the paper, 
for.altering the speed of the paper, and for making 
it run evenly-between the rollers d and ¢. 

The action of the mouse-mill may be explained as 
follows: Let AB, Fig. 8, represent the sections of 
two compound bars of soft iron and brass, the 

These 





shaded portion being iron, the plain brass. 
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bars are rigidly connected together by a crosspiece 
or spoke of ebonite revolving round the centre c. 


The pole of an electro-magnet is shown at N, which 
when excited by a galvanic current attracts the 
soft iron portion of the nearest bar or carrier B, and 
rotation of the carrier is thereby set up and main- 
tained in the direction of the curved arrows. This 
is the mouse-mill as an electro-magnetic engine 
transforming the energy of the current into mecha- 
nical rotation. By multiplying the number of the 
carriers, the effect is proportionately increased. 
There are about a dozen altogether in the mill 
placed at equal distances round the periphery of an 
ebonite disc, like the staves of adrum. The pole 
of the electro-magnet N is a mosaic of soft iron set 
in the floor of the mouse-mill. mE 

The electrostatic inductive action of the mill is 
_ carried on by the continued rotation of the carriers 
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AB. Thus suppose a to be the trace or section of 
a curved brass plate insulated, with a small residium | 
charge of positive electricity on it; and 4 to be the 
trace of a similar induction plate uninsulated, and | 
suppose the two carriers A and B in their rotation to 
be for an instant connected together by a wire | 
while A is yet under cover of a and B is yet under 
cover of 6. The positive charge ona will induce 
negative on the near carrier A, and positive will be 
driven into the remote carrier B. And if in the act 
of rotating the carriers be next instant disconnected | 
again, each will retain its induced charge. It only | 
remains to provide that the carrier A shall deliver | 
up its negative induced charge to 6, and that B shall 
leld its positive charge to swell that already on a. 
is arranged by properly placed sprihgs making 
contact with the carriers as they pass. ‘Thus the 
springs ss, Fig. 9, put the two opposite carriers A B | 
in metallic connexion for a moment, so that a can | 
induce negative electricity on A and positive on B. | 
The carriers A and B are then insulated from each | 
other (by the ebony disc E on which they are fixed), | 
and A delivers its charge to the spring s 5, while B | 
delivers its charge to the spring sa. By this means 
the charge on the inductor a is made to increase | 
according to the compound interest law, and a high | 
charge soon accumulates on it however small the | 
initial electrification. This charge is drawn off by 
the rod R, which by induction on the brass plate 


manner of a lightning rod. The electrified ink in- 
sulated at a in potential from the rest of the in- 
strument (by the rod L, Fig. 6) has only one avenue 
of escape to earth, namely, through the fine siphon 
to the paper. It, therefore, rushes through the 
siphon overcoming the capillary attraction of so 
fine a tube, and every particle tending to repel 
every other particle from the similar electrification, 
it squirts in a fine rain upon the moving strip of 
paper marking a delicate line. By means of the 
electrified ink all friction of the pen on the paper is 
avoided, as the nozzle of the siphon does not touch 
the slip at all, When the signal coil remains at | 
rest the zero line is perfectly straight in the centre | 
of the slip, but when the coil roc and the nozzle | 
of the siphon is deflected, the line becomes a series 

of waves or sharp curves to right and left of the 

zero line, according to the line current as in Fig. 10. 








Daniell’s cell made of flat square wooden trays, 
about 2 ft. inside, lined with lead and plated on the 
bottom with copper to form the negative metal. 
The zine or positive metal is cast in the form of a 
strong grating and tied up in parchment paper as a 
porous separator to guard it from the reducing 
action of the sulphate of copper solution. The 
zinc plate, with its underside so protected, is sup- 
cated over the copper plate by four square wood or 
stoneware props, set in the corners of the tray. 
Quarter saturated solution of sulphate of zince is 
filled in between the plates and crystals of sulphate 
of copper dropped into the cell between the edges 
of the zinc and the lips of the tray. These sink to 
the copper plate and there dissolve. 

These tray cells are placed one upon another so 
as to form a self-supporting pile of ten or a dozen. 
The solutions of each can thus be visibly inspected 
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Upward waves are ‘‘dots,” downward waves 
‘** dashes” in the Morse code. 

On long cables the distinct waves are necessarily 
smaller and less defined than on short ones or on 
land lines, ahd as in the mirror galvanometer, a 
condenser is used to give better definition to the 
signals and restore the zero position after each signal. 
The condenser is ordinarily put between the signal 
coil and earth; the cable going direct to the signal 
coil. In sending, the signal coil is shunted so that 
a very small fraction of the sending current passes 
through the recorder and records the message sent. 
The connexions with switch for sending and receiving 
are as follows : 

When the lever of the switch d, Fig. 11, is de- 
pressed by the handle it makes contact at d and at 
ce. This is the position for sending: the batte 
current can then be sent into the line partly throug 


| the signal coil, but mostly through the sending 


shunt. When the lever ¢is raised by the handle 
it makes contact ata. This is the position for re- 
ceiving. The current coming from the line then 
passes through the signal coil to the receiving 
condenser. On switching over from send to re- 
ceive, the lever necessarily passes the middle con- 
tact 4. This discharges the line direct to earth. In 
the figure the lever ¢ is represented in this position, 
making contact with 4. 

The batteries used to work the mouse-mill and 


Q (see also Figs. 1 and 2) electrifies the ink in the | signal magnets of the recorder are a special kind of | its internal resistance, 







































| and the edges cleaned from crystals and sulphate of 


copper duly supplied from time to time without avy 
disturbance. } 
The sulphate of zinc solution should be. main- 
tained about quarter saturated (specific gravity, say, 
1.15) as it is found that this gives the best efficiency. 
As zinc sulphate is formed in the cell the solution 
tends to become supersaturated. Some of the solu- 
tion is thas to be drawn off from time to time by a 
siphon from the zinc plates and water added in its 
place. ; 
The supply of copper sulphate crystals is 
— by the amount decomposed in the cell. 


re- 
Let 
B 





signify the electro-motive force of the battery, 


R the resistance of the electro 
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PORTABLE HOISTING ENGINE AT THE PHILADELPHIA EXHIBITION. 
CONSTRUCTED BY MESSRS. WILLIAMSON BROTHERS, PHILADELPHIA. 
(For Description, see Page 119.) 
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magnet circuit through which the battery works, 
then the current strength or quantity of electricity 
circulating per second will be 

Birr. _8 a 

B+R 
where unit quantity is that required to charge a one 
microfarad condenser to the potential of a volt. 
The quantity of zinc dissolved per hour will be 


E * 
1.2( 7m) grammes, 
and of copper sulphate 


4.75 (s +R)» or 4.024 (ak ) on. per day. 
For twenty trays E is about 21 volts and B is about 
3ohms. ‘The coils of the signal magnets in series 
are about 14 ohms. We have, therefore, about 5 
grammes per hour of copper sulphate consumed in 
each cell, or about 5 oz. in 24 hours. This, there- 
fore is about the daily allowance to give them. 

We have already said that the current travelling 
along a cable gradually rises from a minimum at the 
received end to a maximum and then dies away again. 
The law of increase from minimum to maximum is 
the same for all cables, and a curve constructed 





* See J.C. Cuff’s directions for setting up the siphon 
recorder. 
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according to this law represents the flow of charge 
in all cables, whatever their length or construction. 
But the time required for the same flow of charge 
(say from minimum to maximum) to take place on 
different cables varies directly as the capacity and 
the resistance per knot of the cable, and inversely 
as the square of its length in knots. If these dif- 
ferent times for different cables be arbitrarily re- 
presented by the same co-ordinate, we get identical 
curves for the received currents in all cables. The 
siphon recorder draws these curves on the moving 
slip. The deflection of the siphon point from zero 
is proportional to the strength of the current at 
that instant. The paper moves uniformly, and by 
altering its speed for different cables the signal 
curves can be made very nearly identical. In actual 
sending the end of the cable may be charged, dis- 
charged, and oppositely charged by the sending key 
before the maximum current has been attained, and 
the curve of flow is thereby cut down or reversed, 
the new effects being superimposed upon the old. 
The speed of sending is such that only part of the 
maximum deflection is utilised, viz., as much as will 
give distinct signals at that rate of transmission, 
Without Mr. Varley’s method of signalling by con- 
densers this siphon recording would have been 
much more if not altogether impracticable, because 


of the wide range over which the siphon point would 
have had to follow the variations of the current in 
order that these should be legible. For instance, 
in the French Atlantic Cable many of the signals 
are equivalent to a variation of only one-thousandth 
part of the total current, and any marking point 
would require for this a slip at least a foot wide.* 

The recorder is provided with a set of shunts for 
reducing the current in the mouse-mill electro- 
magnets, The signal coil can also be shunted, and 
this may also act as a short circuit for the flow of 
the induced current caused by the motion of the coil 
in the magnetic field, thus tending to check rapid 
vibrations not due to signals from the line, 

Besides the batteries, the siphon and mouse-mill 
are the parts of the siphon recorder which most re- 
quire attention, especially the last, 

The siphon should be well shaped, not too thick 
in the bore, of a smooth point parallel to the paper. 

Neither too much nor too little electrification 
should be given off by the mouse-mill. This varies 
according to the state of the atmosphere, being less 
in damp weather than in dry, It is usual to take 
off the excessive electrification by a wire or strip of 
paper having one end coaséoted : to the case of the 
mouse-mill (earth), and the other brought near to 
the brass rod R, Fig. 1. Excessive electrification 
sets up a vibration in the siphon itself, rendering 
the marking very unsteady and the ink cloggy. 
Steaming the paper so as to give the electricity an 
easier passage to earth also tends to cure this dis- 
turbance. 

Each different station abroad seems to have its 
own peculiarities affecting the recorder, At Malta 
humidity has to be fought against, at Suez drought, 
at Marseilles alternations of both; but by the 
exercise of a little ingenuity and study, the elec- 
trician soon learns to diagnose and to cure the de- 
——— of this his most valuable and delicate 
charge. 





THE ORIGIN OF MOTION.—No. IX. 

1. NEwron, in his celebrated letters to Bentley, 
expressed his opinion on the theory of ‘action at 
a distance” as follows: ‘That one body may act 
upon another at a distance through a vacuum with- 
out the mediation of anything else by and through 
which their action and force may be conveyed from 
one to another, is to me so great an absurdity that 
[ believe no man who has in philosophical matters a 
competent faculty of thinking can ever fall into it.” 

2. Now it appears reasonable to assume that the 
above opinion would not have been expressed by 
Newton unless he actually saw an absurdity in the 
theory, and secondly, the positive verdict of one 
mind of admitted competence is surely of more 
value than the mere negative opinion of any num- 
ber who do no¢ see an absurdity in the theory. 
Though it is beyond question that every year is 
only rendering the influence of the above theory 
weaker, and there is little doubt that it is in course 
of abandonment in the present day ; still if there 
be an absurdity in the theory which by analysis ad- 
mits of being made plainly a there is no 
doubt that good service would be done in doing 
this—and one bane of theories of this character is 
that there is a tendency to avoid examining into 
them minutely, and so there is a risk of an absurdity 
or error escaping detection simply from a want of 
observation or attention; for evidently the “* com- 
petent faculty of peer referred to by Newton 
can be of no use unless it be exercised. e cannot 
avoid the conclusion that the main reason why this 
theory of “action at a distance” still has an 
influence with some is simply because due care or 
trouble is not taken to think out or realise the 
actual assumptions which it makes, and we think 
that the following analysis will serve to show that 
assumptions are necessarily involved by the admis- 
sion of this theory, which have not been contemplated 
by those who admit it, 
8. Firstly, we would like to deprecate the idea 
that there is anything especially deep or abstruse 
about the theory—on the contrary it is a mere 
question for the exercise of common sense, We 
will take the phenomena of chemistry. Here it is 
observed that the molecules of matter are capable of 
producing the most varied actions upon themselves. 
A molecule when placed near a second molecule 
may cause this molecule to be urged towards it,—to 
be urged from it,—or the two molecules may be 


* For further information on the theory of signalling see 
Professor F, Jenkins’ Text-book of Electrici 
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quite indifferent towards each other. ‘The effects 
are most complex and varied, but always take place 
with unerring precision in each special case. ow 
the theory of ‘action at a distance ” would assume 
that there is no necessity for a regulating mechanism 
—a medium—or anything between the molecules, 
by the disturbance of whose equilibrium the effects 
might be brought about; but that the molecules 
might be surrounded by absolutely empty space 
and yet produce these varied actions upon each 
other. 

Now all our experience goes to show that me- 
chanism is invariably necessary to produce a regu- 
lated series of mechanical effects, excepting in that 
case when the effects are produced by reasoning 
beings (and even to them the mechanism of the brain 
is. indispensable). For example, in order that a 
system of recording meteorological instruments may 
perform certain complex actions correctly, a me- 
chanism is indispensable. To assume that the 
instruments could perform their functions without 
mechanism, would be to assume them to possess 
reasoning powers. Therefore we infer, and we hold 
that this conclusion must follow as an absolute logi- 
cal necessity, that to assume the molecules to per- 
form their (far more complex) functions correctly 
without mechanism, is to assume them to be gifted 
with reasoning powers. How are we to avoid this 
conclusion ? is a molecule to be looked upon in any 
way in a different light from a group of molecules 
(a mass)? We hold that the above conclusion is 
unavoidable, and therefore this amounts to a reductio 
ad absurdum proof of the error of the theory of 
*“ action at a distance.” 

4. A molecule of oxygen, when placed within a 
certain distance of a molecule of hydrogen, causes 
this molecule to be urged towards it with a certain 
definite energy. This same molecule of hydrogen, 
when placed near a molecule of some other sub- 
stance, may be quite indifferent towards it. How 
is this change of behaviour to be accounted for 
under the assumption that there is no mechanism, or 
anything to regulate the effect—or by the assump- 
tion that there is no necessity for anything but 
empty space between and around the molecules, 
which are at a certain distance apart from each 
other? Surely to assume that no mechanism of any 
kind is required to regulate the effect is necessarily 
to assume a discretion exercised by the molecule of 
oxygen to move one molecule and leave the other 
alone—just as if it were assumed that no mechanism 
was required for a meteorological instrument that 
performed certain regulated acts, this would neces- 
sarily be to attribute a discretion or reasoning powers 
to the instrument, It is not only the case of one 
regulated action performed by a molecule, but thou- 
sands—and these of the most diverse complexity, 
and each performed with the precision and accuracy 
of amachine. ‘This will be apparent when the end- 
less variety of chemical reactions and the unerring 
accuracy of their repetition are kept in view. In 
fact for complex variety of movement, combined 
with precision, it would be difficult to find a machine 
to compare with the case of molecules, 

5. To say that the effect is due to an “affinity” 

ossessed by the molecule, or to attempt to account 
ioe the effect by referring it to a power or “ pro- 
rty’’ possessed by the molecule, is surely illogical ; 
for to assume something to have the *‘ property” of 
doing anything is clearly simply to assume it can 
do it. If such a system of reasoning were admis- 
sible, a meteorological instrument might legitimately 
be assumed to have the “ property” of performing 
regulated acts without mechanism. It will be said 
that this is a palpable absurdity. Granted—but 
then why is the same thing assumed to be possible 
in the case of the molecule, or on what ground can 
a molecule be assumed to have the ‘ property” of 
performing a number of regulated acts of complex 
variety without mechanism? Surely the first thing 
to justify the assumption that a mechanical effect is 
racticable, is a conception of the means or process 
3 which the end is to be attained, and this very 
abolition of all means by the theory of ‘action at 
a distance” which ignores the necessity for anything 
between or about the molecules to regulate the 
effect—thereby stamps the effect as impracticable. 
Why are all the ordinary principles of reasoning 
and common sense apparently ignored in this special 
case ? 

6. Again, a piece of iron when in the state termed 
the “ magnetic ” state is found to be capable of caus- 
ing another piece of iron to move towards it, and a 
piece of bismuth to move from it. Can this appa- 
rently contradictory effect be logically referred to a 


“ property ” of a magnet without the necessity for 
any regulating mechanism or a medium by the in- 
fluence produced on which the effect in. each case 
might be determined ? Moreover, the energy of the 
action is found to vary asthe square of the distance. 
Can this be explained by simply referring it to a 
‘law ?” It should be noticed that this is a compli- 
cated mathematical ratio, for an animated, being 


could not possibly without the aid of ial me- 
chanism adjust a thrust or a pull (by varying 
distances) as the square of the distaneg without 


going into a complicated mathematical ea}culation 
first. Yet the inanimate magnet would be assumed 
to be capable of doing this on the instant: without 
any regulating mechanism at all. A lighted candle 
can produce an action at a distance (or ‘illumina- 
tion) which varies as the square of the distance, 
and this is said sometimes to be a ‘Taw "—but 
surely a mechanism is required to determine such a 
law, or how could the candle flame vary the energy 
of its action (illumination) as the square of the 
distance without the regulating mechanism of “ether 
—the spherical area of the ether over ‘which the 
energy of the wave is spread varying as the square 
of the distance, and thus the action is made natu- 
rally to vary as the square of the distance. To 
assume, however, that the candlé flame could adjust 
the energy of its action as the square of the dis- 
tance without mechanism, would be necessarily to 
attribute to it mathematical powers, the same hold- 
ing true of the magnet. 

7. In Sir John Herschel’s well-known ‘‘ Popular 
Lectures on Scientific Subjects,” is an interesting 
chapter ‘‘ On Atoms.” The arguments are contained 
in the form of a dialogue, from which we quote 
the following passages: 

‘¢ Anyhow they (atoms) must have not only good 
memories, but astonishing presence of mind, to be 
always ready ¢o act without mistake.” 

(Answer.) “This is just the point I knew you 
must come to. The presence of MIND* is what 
solves the whole difficulty; so far at least as it 
brings it within the sphere of our own conscious- 
ness, and into conformity with our own experience 
of what action is.” 

8. Now we must dissent from the above reasoning, 
and that with all due deference to the admitted 
ability of the writer. The answer—‘ The presence 
of MIND is what solves the whole difficulty”—evi- 
dently can only imply that molecules (or atoms), 
in performing, as assumed, their complex actions 
without mechanism, are gifted with a discretionary 
power analogous to that of mind, by which they 
can regulate their diverse actions as the occasion 
requires. Now we must object to this assump- 
tion on the following grounds :—First, because to 
attribute anything of the nature of mind is to at- 
tribute the possession of brains ; for (putting com- 
pletely aside all question whether the action of 
mind is anything more than the mechanical action 
of brain) it is so far certain that mind or reasoning 
powers cannot exist without brain, and therefore to 
attribute powers of mind to molecules would be 
necessarily to attribute to them brains—the ab- 
surdity of which it is surely not necessary to insist 
upon. 

9. Secondly, if, merely for the sake of argument, 
we assume molecules to be in the possession of brains 
and all the reasoning powers of living beings, then 
the impossibility of their performing their varied 
functions without mechanism, still remains in all 
its force, For if we suppose the case of an animated 
being situated at a distance from another, and take 
away everything external, leaving an absolute 
vacuum between the two; then, by that procedure, 
all power of exercising the senses externally is taken 
away—and the absurdity of one being attempting 
to direct a pull or a thrust (at discretion) across 
empty space so as to influence the other, is self- 
evident. Yet this is precisely what a molecule is 
assumed to be capable of doing, and also to possess 
a discretionary power so as to pull, push, or leave 
alone the opposite molecule, as the occasion requires. 
Surely, without pursuing the subject further, the 
utter absurdity involved in the case must be ap- 
parent, 

10. If the phenomena of nature are capable of 
teaching anything, then, surely, the complex mole- 
cular phenomena constitute in themselves absolute 
proof of the presence of a regulating agent or me- 
chanism to determine the varied effects, Can it be 
necessary to wait until perhaps by some accident 
the mechanism reveals itself, before the absurdity 
of dispensing with its existence is fully recognised ?— 








~The italics and capitals are in the original. 





surely the proper course is to recognise at once the 
ewistence of the mechanism, and proceed to inquire 
into its nature and how it acts. Tt is not necessary 
to know how it acts to know that it exists. It is 
not necessary, for example, to know how a vibrating 
tuning-fork attracts a piece of card to know that 
the card could not be attracted unless the fork 
vibrated and disturbed the intervening medium or 
air, which is the mechanism determining the effect 
in this case. The great bane of the theory of ‘ac- 
tion at a distance” is, that it disguises the teaching 
of nature, and instead of the powers of research 
being continually directed towards the discovery of 
the cause of these remarkable molecular actions, 
the attention is diverted by this theory, and prac- 
tically no attention is given to reason upon and in- 
vestigate the mode in which these remarkable effects 
are brought about—and thus progress may, by such 
a theory, be obstructed indefinitely. It would be 
a complete mistake to suppose that there is any- 
thing deep or abstruse about the theory of ‘action 
at a distance ;” on the contrary, if a complete ab- 
sence of allappeal to the intellectual powers be the 
characteristic of shallowness, then surely this theory 
is distinguished for it. In fact, the theory consists 
in amere bald assumption of the practicability of 
a thing, without the trouble being taken to realise 
the means—which alone could form a ground to 
support the assumption, Moreover, by such a theory 
all the beautiful mechanism of nature which, from 
the teaching of experience, invariably provides a 
means to an end, would be entirely ignored. If it 
were possible to reason without the mechanism of 
the brain, or if an animal or plant could perform 
its functions without the mechanism of tissues and 
organs, what would be the object of this me- 
chanism ? 

ll. As regards the mechanism involved in the 
molecular movements and actions, the following 
conclusions at Jeast admit of being deduced with 
certainty beforehand—but in the first place we must 
protest against the assumption that even if the 
slightest perception of the nature and mode of 
action of the mechanism could not be arrived at, 
there would be the smallest ground for retaining the 
theory of ‘‘ action at a distance ;” for what is the 
good of retaining a theory which, being in itself 
vague, cannot possibly throw the slightest light 
upon the case? indeed, to apply which universally, 
would be for ever to stamp the mode of working of 
physical causation as inexplicable ; and surely the 
greater the apparent difficulty in perceiving the 
cause, the greater is the necessity to avoid any 
theory which would divert the attention from in- 
vestigating the case. The conclusions at once de- 
ducible may therefore be given as follows :— 

(L). One mass or molecule can only act upon, or 
put in motion another mass or molecule situated at 
a distance, through the intervention of some physical 
agent or medium which forms a connexion between 
the two. 

(2). The ether is the one known physical agent 
recognised to pervade the intervening space between 
molecules. 

(3). The only conceivable way in which one 
molecule can disturb a distant molecule is by dis- 
turbing the medium or ether, and this disturbance 
of the ether can only take place by some motion 
possessed by the molecule. 

(4). Since it is an observed fact that the mass or 
molecule in acting upon the distant molecule can 
maintain its own position unchanged, it must follow 
that the form of motion possessed by the molecule 
must be such that it can disturb the ether and yet 
maintain its position. 

(5). A vibratory form of motion of some kind is 
the only conceivable form of motion to satisfy this 
condition—for by this form of motion the molecule 
can maintain its position by oscillating about it, and 
yet disturb the ether. 

(6). It isa known fact that molecules vibrate— 
| nag by the waves generated by them in the 
ether, 

(7). It is an experimentally proved fact that 
masses (such as tuning-forks, &c.) vibrating in air 
can disturb the equilibrium of pressure of the air 
and produce movements of distant masses (phe- 
nomena of ‘ attraction” and ‘ repulsion”). Mole- 
cules are known to vibrate with intense energy, as 
proved by the great energy of the waves generated 
in the ether by the molecules of substances at 
normal temperature, 

(8). Itis an observed fact that different mole- 
cules differ in their actions (as in the various che- 
mical reactions). It is a known fact that different 
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molecules possess different vibrating periods (as 
proved by the spectroscope), and different vibrating 
intensities. 

The effects of “attraction” and ‘‘ repulsion” are 
naturally all the more marked in the case of vibra- 
ting molecules than in the case of vibrating masses 
(in air), in proportion as the molecular vibrations 
(compared with those artificially produced in masses) 
are known to possess an enormous intensity, and 
the value of the ether pressure greatly exceeds that 
of the air pressure—a conclusion warranted on 
independent grounds. 

19. All the various molecular actions are there- 
fore in principle simply explicable under the con- 
dition that these movements are due to disturbances 
of the equilibrium of the ether pressure about. the 
molecules which possess different motions—(the com- 
petence of vibrating molecules to disturb the equili- 
brium of pressure of the surrounding medium being 
experimentally proved by the observed competence 
of larger scale vibrating masses to do this)—the 
different motions of molecules, by varying the nature 
of the disturbance, producing and determining the 
different effects; and to any one attentively con- 
sidering the subject, this will be found to consti- 
tute in principle the only conceivable explanation of 
which the case admits. In short, if no one had 
thought of putting forward the theory of ‘action 
at a distance,” this general fact must have been re- 
cognised long ago ; for the reactions (‘ attractions” 
and “‘repulsions”) of vibrating molecules are just 
as much a proof of the fact that the vibrations of 
the molecules are concerned in these reactions, as 
the reactions (‘‘ attractions” and ‘‘ repulsions”) of 
vibrating masses (in air) are proofs that the vibra- 
tions of the masses are concerned in this case—for 
the size of the vibrating body cannot affect the prin. 
ciple involved in the reasoning. In fact, the various 
reactions of molecules observed in chemistry are 
themselves so many experimental proofs afforded 
by nature of the powers of vibrating bodies (pos- 
sessing different vibrating intensities and periods) 
to react upon each other—and it would appear 
almost superfluous to resort to larger scale vibra- 
ting masses to illustrate the ‘ attractions” and 
‘‘repulsions” when we have in molecules, bodies 
maintained in a continuous state of vibration 
by the waves emitted by the sun, to experiment 
upon, 

P3. It will, of course, be observed that when the 
theory of ‘‘action at a distance” is rejected, the 
theory of ‘‘ potential energy ” (so termed) will natu- 
rally fall with it ; indeed the very fact thatit should 
be found necessary to resort tosuch a theory as this 
—or to assume the existence of a second form of 
energy, that energy can have, as it were, a double 
nature, or to assume the existence of a mysterious 
form of energy without motion,in order to support 
the theory of ‘‘ action at a distance ”—is surely by 
itself sufficient to show the completely untenable 
character of the theory of ‘‘action at a distance.” 
Surely in the true interests of scientific progress, 
theories of this nature which are capable of 
affecting the very groundwork of science should 
be put forward with the greatest circumspection 
and with a firm and rational basis to support them. 
Could anything connected with physical science 
more utterly unphysical be conceived of than the 
assumption of the existence of an energy without 
motion, or an energy whose existence does not effect 
in the least the physical state of matter? This surely 
would be to postulate the existence of a spiritual- 
istic form of energy, for an energy which exists as 
assumed in the matter at rest, or whose existence 
leaves matter in precisely the same physical state as 
if it had no existence, cannot certainly be called a 
material or physical form of energy. When this 
theory is abandoned, as by the rejection of the 
theory of ‘‘action at a distance ” it inevitably must 
be, then energy will have but ove character and the 
great principle of the Conservation of vis viva (or con- 
servation of the energy of motion) will come to be 
universally recognised. All motions supposed now 
to cease will then be recognised as transferred to the 
ether, and all motions supposed now to originate 
will then be recognised as derived from the ether— 
the collective sum of motion in the ether and in 
matter remaining at every instant constant and 
invariable. . 

A time will surely come before long when the 
motion developed in the molecule ‘of a mass of 
coal at combustion will be as naturally referred 
to a source of motion as the motion developed in 
the sails of a windmill. The admirable adaptability 








of the ether in a mechanical point of view as the 
grand primary source of motion in nature will also 
only become more and more apparent by a closer 
study of its physical qualities.* 
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The Elements of Graphical Statics and their Application 
to Framed Structures, with numerous Practical 
Examples, &c. By A. Jay Du Bors, C.E., Ph. D., Pro- 
fessor of Civil and Mechanical Engineering, Lehigh 
age Pennsylvania. With an Atlas of 32 plates. 
New York: Wiley and Son. 1875. 

Ir is a matter of which we can hardly congratu- 

late ourselves that the first systematic work upon 

graphical statics in our language should come from 
the western side of the Atlantic ;—it is at the same 
time matter for congratulation that any work on 
the subject should at length be accessible to those 
who read only their own tongue. It is only ten 
years since Culmann published the first edition of 
his Graphische Statik in Ziirich, but the new study, in 
spite of many disadvantageous circumstances, has 
long since found its way into secondary instruction in 

Germany, France, and Italy. In this country it 

has been but little known. Some of the uses of 

“reciprocal figures” have become more or less 

familiar by degrees, but beyond these (which form 

only a special case with Culmann), scarcely any- 
thing has been done. At the same time engineers 
have become more and more alive to the advantages 
of employing graphic methods of calculation rather 
than using analytic methods. Those of our readers 
whose work includes much calculation know this so 
well that we need hardly enlarge upon it. In all 
the applications of mechanics to engineering work 
graphic methods admit of a degree of accuracy 
greater than that with which the data of the pro- 
blem can be known, and therefore fully sufficient for 
practical purposes. In very many cases their nature 
is such that any error in the working makes itself at 
once visible, Unless, too, our observation be mistaken, 
there are many men, —and those among them often 
who are the best engineers,—to whom everything 
connected with analysis is mysterious, who have 


never been able to realise the meaning of 28, but to 
zx 








whom at the same time nothing geometrical presents 
the least difficulty. In the science of graphical 
statics, as worked out by Culmann, we have a syste- 
maticpresentation of static problems treated through- 
out geometrically. His methods arein many respects 
novel and original, and are peculiarly fitted for 
application to engineering work in very many ways, 
while they also give us geometric solutions to very 
many quite general problems, and in this way really 
open them up to not a few to whom otherwise they 
must have remained inaccessible. 

Knowing the importance of the subject to 
engineers,and the certainty that it would be popular 
in this country as soon as it became known, it was 
with no small pleasure that we took up Professor 
Dubois’ book. We have put it down with the 
feeling that, in spite of many good things in it, its 
author has not achieved the great success for which 
opportunity had offered itself. We may say at 
once that the book is a valuable one to those who 
cannot read the German text-books on the subject 
in the original, and contains quite sufficient to repay 
to them study bestowed upon it. The first part (six 
chapters) contains the more elementary portions of 
the principles of graphical statics, as dealing with the 
equilibrium of forces in the same plane—moments, 
couples, determination of centre of gravity, centre of 
gyration, moment of inertia, &c. The problems 
are illustrated by not a few practical applications, 
Part II. contains applications of the grapho-static 
methods to the simple girder and the continuous 
girder, and Part III. to various forms of arches, 
iron and stone. The general graphic methods given 
in Part I. are of great utility, and should be known 
by all engineers. ‘Their applications both in 
mechanical and in civil engineering work are very 
numerous. The application of Mohr’s method to 
the continuous girder ——— VIIL., XI.) is also of 
great+importance, and reduces the calculation of 





* Those who wish to follow out to a greater length than 
has been developed in these papers, the study of the 
mechanical qualities of the ether as a source of motion (as 
constituted neaessarily—by the rejection of the theory of 
“action at a distance’’—in analogy with gaseous matter 
according to the theory of Joule and Clausius) are referred 
to the ‘‘ Physics of the Ether,” by 8. Tolver Preston, 
published last year. 
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stresses in that bug-bear of the calculator to a 
comparatively very simple affair. 

e wish we could say that the excellence of the 
execution of the work were commensurate with the 
importance of its subject. Professor Dubois has 
obviously studied the Reoneien of his subject, but 
he has studied it so closely that he’seems incapable 
of leaving it and striking out a path for himself. So 
far as the subject proper of the book is concerned it 
seems little more than a compilation from German 
works put into English which indicates clearly 
enough the faithfulness of the translation, The 
author certainly acknowledges his obligations to 
various writers, but those obligations have been so 
great that in the more important part of the book he 
seems hardly to have added or even re-cast a single 
proposition. Culmann uses the modern geometry 
throughout his work ; our author neither takes it or 
leaves it, but introduces now and then references to 
‘*polar,” ‘‘ complete quadrilateral ” &c. which will 
only mystify those who have not studied projective 
geometry. ‘The arrangement of the book is also 
very unfortunate : between Chapters VII. and VIII. 
thereis a supplement, in three chapters, to Chapter 
VIL. ; between Chapters XIV. and XV. a supple- 
ment in six chapters to chapter XIV., and at the 
end of the book a further appendix of 50 pages. 
The book has also an historical introduction which 
is a translation from Weyrauch. The author has 
thought it right to add analytical investigations in 
many cases to the geometrical ones, especially in 
reference to the continuous girder. These are not 
difficult, and some of them are in themselves new 
(to us) and valuable, but we cannot think that they 
are in place here, although in this respect Professor 
Dubois has certainly only followed Culmann’s 
example. Lastly, we must enter a protest against 
the author’s nomenclature. Thus we have intensity 
used for magnitude, strain for stress, equilibrium- 
polygon for link-polygon, sernel for core, once even 
force-pair for couple, &c. Usage in these matters 
may be different in America and here, if so we must 
say we prefer our own terms. 

We regret the more that we cannot — 
favourably of the execution of the book, for Pro- 
fessor Dubois is obviously enthusiastic about this 
subject, and most anxious to do it justice, Many 
of the defects which we have noticed are, however, 
such as can be remedied in another edition, We can 
only repeat, in conclusion, that in spite of these 
defects the work is an important one, and one of 
which the subject will well repay study. 


PORTABLE HOISTING ENGINE. 

In a recent number we illustrated (vide page 7 of the 
present volume) a hoisting engine shown at the Centennial 
Exhibition by Messrs. Williamson Brothers, of Philadelphia, 
and we give this week an engraving on page 117 of aportable 
hoisting engine exhibited by the same firm. Messrs, 
Williamson Brothers, we may mention, are the only Ameri- 
can makers of steam hoisting machinery who exhibit at 
Philadelphia, and their hoisting engines are thus especially 
worthy of notice as illustrating American practice. 

The general arrangement of the engine we now illustrate 
will be readily understood on examination of the perspec- 
tive view on page 117. The engine has a steam cylinder 7 in. 
in diameter with 8 in. stroke, the steam cylinder and frame 
of the engine being self-contained and bolted to the. boiler. 
The power of the engine is transmitted to the drum by the 
ordinary toothed gearing. The pinion is loose on the crank- 
shaft and is driven by a clutch sliding on feathers, this 
clutch being moved into and out of contact with the pinion 
by a hand lever marked A on the engraving. The drum 
has a brake band lined with woud which is operated by a 
foot lever B, and is held up by a spring so that the brake 
does not come in contact with the drum except when a 
downward pressure is applied to the foot lever. 

The boiler is of the upright tubular type, and is 34 in. in 
diameter by 5 ft. 3in. high. It contains 49 tubes, each 
2 in.in diameter. The evgines and boiler are complete with 
all the necessary fixtures, and the feed-water is supplied by 
one of Sellers’ Giffard injectors, The whole is mounted on 
two wheels 40 in. in diameter, which on account of their 
size make it easy to move from place to place. Theshafts, 
as shown partly in the engraving, are so arranged that a 
horse can be readily attached with the ordinary cart or dray 
harness. 

Several of these engines are now in use about Philadelphia 
by stevedores and contractors, who require to change their 
location of hoisting frequently. They are also constructed 
with link motion for reversing when required. 














QUEENSLAND TELEGRAPHY.—The latest advices from 
Queensland report that an extension of ph com- 
munication northwards was advancing rapidly in that 
colony. A new line was expected to be open through to 
Cooktown, vid the Palmer, in July: The length of wire on 
the main line between Brisbane and the port at the Endea- 
vour will be not less than 1473 miles, 
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PARKER AND WESTON’S STEAM PUMPS. 
CONSTRUCTED BY THE COALBROOKDALE COMPANY, ENGINEERS, SHROPSHIRE. 
(For Description, see opposite Page.) 
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PARKER AND WESTON’S STEAM PUMP. 

In the course of our notice of the recent Show of the 
Royal Agricultural Society at Birmingham, we had oc- 
casion to mention a new steam pump, constructed on Messrs. 
Parker and Weston’s patent, which was exhibited there. 
Of this pump, which is manufactured by the Coalbrookdale 
Company, Shropshire, we now give engravings on page 120, 
our illustrations showing two different arrangements. The 
distinguishing feature of this pumping engine, as in all 
others of the direct-acting class, consists mainly in the valve 
movement in the steam cylinder. In designing this valve 
motion the patentees had two objects in view, firstly, to get 
& positive motion by means of a simple valve moved by the 
steam alone without the use of tappets and other extraneous 
gear, and, secondly, to use the steam expansively in the 
cylinder. How this is accomplished will be readily under- 
stood from the accompanying illustrations, Two forms of 
main steam valve are used, one being an adaptation of the 
old Cornish valve, as shown in Figs. 1 to 7, and the second 
being a common slide valve moved by two pistons in exactly 
the same way as the preceding, and shown on Figs. 9 to 18. 
It was a pump fitted. with the latter arrangement which 
was shown at Birmingham. 

In our engravings, Fig. 1 is a longitudinal section of the 
steam cylinder and valve chest. A is the steam space in 
the centre of the chest, B B are the steam valves; these are 
in one piece, and fixed to the steel spindle}; C C/ are the 
exhaust valves; D D’ are the valve pistons, which are cast 
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ON BOARD H.M.S. 
(For Description, see ri 125.) 





in one piece with the exhaust valves. The valve chest is 
semicircular in form, and has four diaphragms cast across it; 
these have circular seats formed upon them, against which 
the valves work, the steam valves opening towards the 
centre, and the exhaust valves opening outwards. The 
valves are made of cast iron, and owing to the short travel 
and the ease with which they come against their seats, 
they are found to work along time without any appreciable 
wear. 

Fig. 2 isa plan of the cylinder with steam chest re- 
moved. The steam and exhaust branches are cast on the 
cylinder, and the steam chest can, therefore, be removed 
without disturbing the pipes. EE’ are the main ports to 
cylinder, and F F’ the exhaust passages; G G’ are passages 
leading from the eylinder to the spaces behind the valve 
pistons D D’; in these passages are inserted the ball valves 
HH’. These work in brass cages, and are accessible from 
the outside by unscrewing the brass plugs shown on Fig. 3. 
The use of these ball valves will be seen as we proceed. 

The motion of the valve is as follows: Suppose the space 
A to be filled with steam and the main piston to be travel- 
ling in the direction indicated by the arrow, as shown on 
Fig. 1, steam would then pass through the valve B and fill 
the Z end of the cylinder. The series of valves would re- 
—_ as shown until the main piston passed over the re- 

ersing port G/, when the live steam rushes up the opening 
ond blows the ‘pall H’ against the passage into the main 
steam port and fills the space behind the valve piston D’. 
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As the opposite end D is at the same time exposed to 
the pressure of the live steam from being in communication 
with the Z end of cylinder the two valve pistons D D’ are 
thus placed in equilibrium. The surface of the exhaust valve 
C’ has only the exhaust pressure upon‘it, whilst C has the 
full pressure of the steam; this preponderance of pressure 
on C causes the whole series of valves to be instantly shot 
over and the Z end of cylinder put in communication with 
the exhaust, The steam then fills the opposite end of the 
cylinder and the main piston moves in the opposite direction, 
when the piston uncovers the hole G, and the same motion 
of the valves takes place at the other end. 

The ball valves play an important part in insuring the 
certainty of action of the main steam valve. It has already 
been stated that when the piston passes the reversing hole 
G', the entering steam blows over the ball, closes the opening 
to steam port at P (see Fig. 8), and allows the steam to 
get bebind the valve piston D’. The instant the valve is 
reversed the port E is filled with steam, and the end of the 
cylinder Z placed in communication with the exhaust; but 
by this time the piston has not moved sufficiently far on the 
return stroke to cover the reversing port G’; this is now 
also open to the exhaust, which would have the effect of 
releasing the pressure from behind the piston D’, and thus 
destroy the stability of the valve movement. But the steam 
from the port E at this instant blows the ball over and closes 
the connexion with the cylinder through the passage G’, 
and allows the full pressure of steam from the port E to be 
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kept on the piston D/, thus holding all the valves on their 
seats during the stroke of the engine. The motion of the 
valves is absolutely certain, even at a crawling speed, and 
must give a full opening for steam and exhaust at every 
stroke, thus differing from those steam-moved valves, whose 
steam admission depends upon the use of tappets, the main 
valves of which cannot be insured to move the full travel 
when the engine is working at a slow speed. 

The expansion of the steam in the cylinder is effected by 
means of a valve entirely distinct in its action from those 
which control the main piston. The steam is admitted 
through a branch on the side of the cylinder, and then 
passes by an oblong-shaped port to the centre of the steam- 
chest through the expansion valve. The time of the ad- 
mission of the steam to the upper of the chest is 
regulated by a circular valve M (see Fig. 4), which ean be 
rai-ed at any desired point of the stroke by the admission 
of the steam under its lower surface. This under surface 
being of greater area than the top, the pressure of steam 
vpon it overcomes the resistaace of the incoming steam by 
raising the valve, cuts that steam off from the steam-chest. 
The construction and action of this valve will be readily 
understood by reference to the Figs.4 and 8. K is a hole 
running parallel with the cylinder, and bored throughout 
its entire length, and in this hole is fitted a brass tube ¢; 
this tube is turned round by means of the spindle and hand 
wheel, and is kept steam-tight by the stuffing-box at the 
end. Holes are drilled at intervals along the cylinder 
corresponding to the various points of cut-off. The 
tube is also perforated, but not in the same horizontal line 
as the steam cylinder. By turning the tube round, one of 
the holes at each end is brought opposite a corresponding 
hole in the cylinder. When the piston passes those holes 
the steam rushes along the tube, opens the valve L, and 
rai-es the expansion valve M, shutting off the further 
supply of steam to the chest, and allowing the steam 
already in the cylinder to expand to the end of the-stroke. 

The use of the valve r in the tube is to prevent the cut- 
off taking place before half stroke. The valve between its 
faces is longer than the distance between the seats ; one or 
both ends of this valve can thus be open at one time. It is 
obvious, therefore, that as the piston travels over the holes 
o, p. g, the steam would find its way along the tube and 
raise the expansion valve, but the steam shuts the valve r 
until the piston has uncovered the required hole on the other 
side of the centre, when the valve being thus put into equili- 
brium the steam finds its wey below the expansion valve 
and produces the desired result. By an exceedingly simple 
arrangement the expansion valve is made to serve the 
purpose of a cataract governor, and causes the engine to 
pause at each end of the stroke. This is effected by placing 
a small valve(marked L in Fig. 4, and / in Fig. 8) in the 
passage leading to the expansion valve; this valve opens 
upwards only for the admission of steam, the exhaust from 
the underside of expansion valve takes place through a 
small orifice, the area of which is regulated by a screw (not 
shown on the engraving); by this means the engine can be 
made to pause at the end of the stroke, as no new steam 
can be admitted to the chest until the expansion valve is 
allowed to open. 

Figs. 1 to 8, above referred to, show the valve gear as 
applied to a direct acting pumping engine with an 18 in. 
steam cylinder, and 8 in. pump with 36in. stroke, now at 
work in a colliery in South Wales and forcing 1300 gallons 
per hour to a height of 202 ft. 

From diagrams which have been taken from some of these 
engines the saving in steam is seen to be very marked, and 
this fact removes the objection commonly urged against 
this class of pumping engine on the score of comparatively 
great expenditure of steam. 

The makers are also preparing a compound pumping 
engine on the same principle, steam being carried te hulf 
stroke in the high-pressure cylinder, then passed into a low- 
pressure cylinder of three times its capacity and afterwards 
discharged into a condenser. As we have remarked on 
former occasions, the economy of steam in compound 
direct-acting engines cannot be excelled by the best form of 
Cornish pumping engines, while with the former type the 
first cost is a mere fraction of that incurred with the latter. 

Figs. 9 to 13 show another form of steam-moved valve, 
consisting of a s-micircular slide valve moved by two 
pistons, Fig. 9 is a section through steam chest. The 
slide valve is made in a separate piece from that forming 
the piston /’ and the centre c, and has merely end contact 
with them; the pressure of steam acting on the back of 
the valve keeps it tight to the face as in a common slide 
valve, 

The steam is admitted to the chest through an expansion 
valve d. The cut-off is not made variable in the smaller 
sizes of pumping engines, the steam being generally cut off 
at two-thirds of the stroke; one hole, n, is drilled into the 
cylinder immediately under the expansion valve, the valve is 
thus raised each time the piston passes the hole. When it is 
desired to give the valve steam during the whole of the 
stroke the stop ¢ is screwed down and thus prevents the 
valve from rising. The movement of the valves will be 
readily understood from the fuliowing description and an 
examination of the engravings. 

In Figs. 11, 12, aud 13, /7" are passages communicating 
with the main steam cylinder and the small cylinder in 
which the valve pistons //' work. In these pistons small 
ports are formed having certain relative positions to the 
aforesaid passages f f'. Other passages, g g’, lead di- 
rectly from the main steam ports to the outer end of valve 





cylinder, and A A! are passages from the steam ports to the 
inner ‘end of valve cylinders. Suppose the piston to be 
travelling in the direction of the arrow, the slide valve 
would bein the position shown in Figs. 9, 10, and 11, and 
steam would be passing through the steam port 4, and 
filling the end of the cylinder z. Under these conditions 
live steam is also.filling the passages g and A, and acting 
on both sides ofthe piston 4 at the same time the exhaust 
is passing out end of the cylinder y through the 
main port undé® the Slide valve, and thence to the at? 
mosphere or condenser; both sides of the piston /' are 
open to the exhaust. The valve is retained in this position 
until the completion of the stroke of the engine by the pres- 
sure on the outer or larger side of the piston 7. When the 
main piston uncovers the*hole f/ the steam rushes through 
and fills the space behind the valve piston /, and thus the 
outer sides of both the valve pistons are subjected to equal 
steam pressures, but the inner surface of / has the live steam 
on it whilst the inner surface of /'-has only the exhaust 
pressure, the extra pressure on / therefore shoots the valve 
over to the opposite end, 

As the main piston in reversing has to pass back over the 
passage /” there might be a.slight tendency cf the valve to 
falter, or not to travel the whole distance, owing to the slight 
loss of pressure which would occur behind the piston /' 
when the main piston was passing the hele. This 1s pre- 
vented by the following means: Let the slide valve open 
only the smallest amount, the main steam pert-will be filled 
with steam at the same time the outer end of the valve 
piston /’ will have uncovered the passage g’, and admitted 
a second supply of steam behind the piston /’. By this 
time also both sides of / will be open to the exhaust which 
has taken place in the z end of cylinder, and the valve is 
thus carried t:e full stroke by the pressure acting on the 
outer end of piston /’, It will thus be seen that there are 
two distinct causes at work to move this slide valve, follow- 
ing each other with a rapidity and certainty that has never 
been excelled in any single steam-moved valve. The motion 
can be perfectly cushioned by the small quantity of steam 
squeezed up on the inner side of the piston /’ when it crosses 
the opening A’. Altogether the arrangements of valve gear 
we have described have been very ingeniously and carefully 
worked out, and we expect hereafter to have more to say 
concerning the pumping engines to which these arrange- 
ments have been fitted. 





NOTES FROM THE SOUTH-WEST. 


Morte Point v. Bull Point.—A deputation appointed by 
the Newport Harbour Commissioners to confer with the 
Elder Brethren of the Trinity House with reference to the 
orte Point, has presented a 


erection of a lighthouse on 
ing the result of the. inter- 


report to the Commissioners int 
view. It appears that Morte. would be a most eligible 
site, but as the erection of a there would involve 
an expense of 50,000/., and as @ suitable lighthouse could 
be built at Bull Point for 70001., the latter position was re- 
commended by the deputation and the Elder Brethren. 


Neath Water Company.—In their report to the share- 
holders, the directors of the Neath Water Company announce 
a dividend at the rate of 10 per cent. per annum, and state 
that Bri obtained the necessary powers, they intend to 
raise 12,5001. for the oy a of increasing the storage of 
the company by making three additional reservoirs. 


Trade in North Wales.—In consequence of the depressed 
condition of trade in North Wales, notice of a reduction of 
10 ya ont, in wages has been served upon the colliers in the 


Brym 
Severn Bridge Railway.—The half-yearly meeting of the 
ietors in this com was held at Gloncester .on 
turday. The rt of the engineers stated that ‘‘ The 
progress made by the Hamilton’s.. Windsor Iron Company 
with the Severn Bridge continues to be satisfacto Six- 
teen piers are in course of érection.” The works in the rail- 
way approaches, comprised in Messrs. Vickers and Cooke’s 
contract, are still progressing slowly. The total earthwork 
executed is about 75,000 cubic yards. Part of the viaduct 
across the Sharpness Docks been completed.”” The 
directors’ report was adopted, and the directors were 
authorised to borrow 75,0001. at a rate of interest not exceed- 
ing 5 per cent., per annum. 


Midland Railway.—A branch of {the Midland Railway 
from Berkeley to Sharpness Docks, Gloucestershire, has 
been opened for passenger traffic. 


Torpedoes in Cawsand Bay.—Some torpedo buoys 

secuntiy moored in Cawsand Bay to mark out the torpelo 

= are to be taken up and removed farther into the 
y more out of the way of traffic. 


Old Ships of War.—A statement showing the amounts 
realised between the Ist of April, 1874, and the 3ist of 
March, 1875, for Her Majesty’s ships and. vessels sold or 
broken up, has been issued as follows : Aigle, 251. ; Ariadne, 
6321. 12s. 2d; Cygnet, 421; Jaseur, 23001. ; Jersey, cutter, 
Q36l, 17% 9d. ; Leven, 16821. bs.'10d.; Melville, 75651. ; 
Pandora, 2200/.; Weser, 14771. 10s.; and Zebra, 
50901. 14s. 5d. Total, 21,3027. Os. 2d. 


Newport Abercarne Colliery.—After passing through 
every conceivable class of stratafication the sinkers, the 
other day, came to the famous Elled seam of semi-bitumi- 
nous steam coal, which is as extensively worked at the 
Tredegar colliery, at a depth of 307 yards. This vein, 
which is very compact and workable, is 2 ft. 9 in. thick ; 
it is the first of the steam-coal series, and yields a good 
coking slack. Only 15 yards further down the No. 4 seam 
or Aberdare 4 ft. seam, and five yards lower still the Aber- 
dare 6 ft. seam are known to exist, and will be cut through 





shortly. | yards lower still, however, and 45 yards 
below the Elled seam now being worked, is the black vein 
seam, nominally 9 ft. thick, but running no less than 11 ft. 
from top to bottom. This is the same seam from which 
the Risca Colliery Company supplied the Royal Mail 
Steam Packet Company, and it has a peculiarity of not de- 
teriorating while being stocked in a foreign port. It was 
for the express purpose of working this coal that the com- 
pany was floated, hence its name, ‘‘The Newport-Aber- 

e Black Vein Steam Coal Company.”’ The No. 2 shaft 
which is on the opposite side of the Western Valleys Rail- 
way from the rest of the workings, was sunk partly by the 
aid of an old broad gauge Great Western Railway locomo- 
tive, and now it has been determined merely to use this 
inking. 9 an upcast shaft for the colliery generally. Work 
at the No. 3 shaft is being. rapidly pushed on, and it is now 
195 yards deep. It is in to devote this pit to the 
working of the first or Elled fone , while, as 
before stated, No: 1 shaft will turn k vein 


Bristol Port and Pier Raiheay.—In‘'the Court of 
Chaneery on Friday the ease’of the Attorney-General v. 
the Great Western Railway wend ao rd. The 
Solicitor-General (with whom were Mr. , Q.C., and 
Mr. Rigby) moved for an injunction to restrain the Great 
Western and Midland Companies from opening for public 
conveyance of passen the portion of the Clifton Ex- 

ion Railway which connects the Bristol and South 
Wales Union Railway with the Bristol Port and Pier Rail- 
or Faby same shall-be completed to the satisfaction 
of ea dae Trade. tony <a in question 
isa ine, i rom Cliftondown station, 
on the Bristol and South Wales Union Railway, to Sneyd 
Park, on the Bristol Port and Pier Railway, where a junc- 
tion has been constructed with interlocking si and all 
other modern appliances. However, Colonel Yolland, the 
Government inspector, refused to pass the line, and re- 
ported to the Board of Trade that the opening of the same 
would be attended with danger by reason of the incomplete- 
ness of the works, it being his opinion either that a station 
ought to be put up at Sneyd Park, or that the platform at 
Sea Mills station, a quarter of a mile from} the junction, 
should be lengthened. Mr. bey oy Q.C., Mr. Davey, 
QC., and Mr. H. A. Giffard, for the defendant companies, 
opposed the motion. They resisted it on principle, for it 
was the first time that the Board of Trade had attempted 
to force on a company the obligation of making a station 
at S int — = ri a nor the promoters, as 
would appear by ti eposi lanms, ever contemplated 
having a station. They were willing to provide shunting 
accommodation, if bi ews: , but they objected to build a 
new station, and could not acquire land to it on, as 
their compulsory powers had expired. The’ ter of the 
Rolls, in giving judgment, said the 6th séction of the 5 and 
py cap. 55, pe ae ne — — to 
ip the opening of any new railway if, in their j ent, 
founded on the report of their i acbol Ridtepening of it 
would be attended with danger to the public using the same, 
either by reason of the incompletenégs of the:works or per- 
manent way, or the insufficiency ofthe establishment for 
working such railway. The Board of Trade had decided, 
on the report of Colonel Yolland, that the railway was in- 
complete without a station at the junction, and in his lord- 
ships's opinion that decision was final. 


FOREIGN AND COLONIAL NOTES. 

Indian State Railways:—A of land 48} miles long 
and 8 ft. wide is to be’taken up by the Anglo-Indian Govern- 
Railway at Nagpore to the village.of Deuba, in Bhandara, 

way re in ‘ 
for marking ous thnidetdee-d tie lime ofthe Nagpore and 
Ohuthsgarh State Railway. 

Adelaide and Glenelg - directors of the 
plat and buildings belonging ee ie ieiiiveng exe in good 
plan are in 
order, and that some machinéry Sorted. tom England 
has been in the workshops. Sevei ions have 
)'the property of the co 4 .°The Adelaide 
enlarged, ‘been built at 





station is and a station 
Glenelg. 

American Pine Timber for Spain.—It is stated that 
American pine timber is beginning to find a more ready 
market in the Mediterranean islands, along the southern 
coast of Spain, and in Algeria, it having been discovered 
that it is as equally well adapted for the manufacture of 
furniture, and better suited for the construction of build- 
ings, than that brought from the northern countries of 
Europe. 

A New French Atlantic Cable-—A company is in course 
of organisation in France for the purpose of laying another 
cable between France and the United States. ch com- 
mercial men chafe, or affect to chafe, under what they style 
the present English pence IY a a communication 
between the Old and the New Worl 

Another Missouri Bridge—The President,of the United 
States has signed a Bill authorising the construction of a 
pentoot railway bridge across the Missouri, at Nebraska 

ity. 

The Channel Tunnel.—We learn from Sangatte that 
since June the soundings have reached a of 290 ft., 
and that as a nearer approach is made to the bed through 
which the tunnel will be carried, the quantity of water 
which has to be dealt with exhibits a sensible diminution. 
The English Government is also stated to. have authorised 
the Exploratory Company which has been formed to make 
explorations on the Enghch coast. ee 

American Car Building —The, Empire Car Works Com- 
pany of York, ylvania, secured a contract for 
400 freight cars for the Texas Pacific Railroad. The con- 
struction of these cars is to be commenced at once. 
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THE PARIS EXHIBITION OF 1878. 

Tue project for an International Exhibition to 
be held in Paris in 1878 has recently received legisla- 
tive sanction, and the work can now be proceeded 
with the activity necessary to carry it out within the 
limited time available. At the present moment it 
will be of special interest to give a clear idea of the 
project, derived from the official documents presented 
to the two Chambers by the Government. The utility 
of International Exhibitions separated from each 
other only by such short intervals as those of Vienna, 
Philadelphia, and the approaching one at Paris, 
may well be questioned, but doubtless the French 
Government, in desiring to make before the world a 
grand display of the industrial position and vitality 
of the people, has been actuated by sound reasons 
which will be gradually developed. 

The site for the approaching Exhibition has, after 
much discussion, been settled to be the same as that 
in 1867—the Champ de Mars. It combines with a 
large available area, the advantage of being near 
the city, of being accessible from the river, as well 
as from all sides, and by all means of communica- 
tion, In fact, the Champ de Mars combines all the 
advantages which would be sought for vainly else- 
where, and by a happy idea the 180,000 square yards 
of the Trocadero will be connected by convenient 
communications with the 504,000 square yards of the 
Champ de Mars, so that the combined spaces will 
form a magnificent whole. In the Champ de Mars 
industrial exhibits will be collected in a large building 
enclosing 291,000 square yards, and one of the lateral 





facades will be occupied with agricultural exhibits, 
which, at the 1867 Exhibition, were unfortunately 
consigned to the plain of Billancourt. In the Troca- 
dero, science, art, and miscellaneous exhibits will be 
shown. 

The arrangement and design of the buildings have 
been a matter for earnest discussion, whether the 
Exhibition should consist of a number of independent 
pavilions, each devoted to the products of similar 
classes, from all countries, or whether the mode of 
classification so successfully adopted in 1867 should 
be maintained, which permits the visitor to find 
arranged together exhibits at once in classes and in 
nationalities. This latter arrangement appears 
better adapted than any other for the convenience 
and instruction of visitors. It was attained, as will 
be recollected, in 1867 by an oval form of con- 
struction, in which each nation exhibiting occupied 
a segment, and to each class of exhibit was allotted 
aconcentric ring inthe plan. The present Com- 
mission considers, however, that the same end can 
be arrived at, with greater accuracy, and better 
architectural effect, by adopting buildings rec- 
tangular in form, the oval system having been at- 
tended with the threefold inconvenience of great 
first cost, of considerable difficulty in transmitting 
power for driving machinery, while, when removed, 
the material of which the Exhibition was constructed 
could not be readily employed for other purposes, 

By adopting a rectangular form the principal 
buildingcan be constructed of a series of bays in iron- 
work, very cheaply and quickly, and it will, after its 
removal, be readily adapted for railway stations, 
workshops, or other purposes. So far the Paris 
Commissioners propose to follow the example set 
them at Philadelphia, As to the interior arrange- 
ment, the available area may be imagined as divided 
into a number of squares, in which the products of 
the various nations will be arranged longitudinally 
and in such order that the visitor in walking through 
the transverse passages will find collected on'the 
same line all similar products of different nationalities. 
The exhibition of fine arts will occupy a central 
position, and will be isolated from the rest of the 
building so as to be removed from dust and. noise, 
The great area, however, to be thus thrown under 
cover in the Champ de Mars will diminish by one- 
third the space which was available for the ground 
at the 1867 Exhibition, and which then was so much 
too small for the requirements, that as we have 
said, the agricultural exhibits were perforce removed 
to Billancourt. It was moreover to be regretted 
that in 1867, there was an absence of what might 
be called living art, -that is to say, exhibitions by 
musical or choral societies, &c. ‘The present Com- 
missioners have therefore been at great pains to 
ascertain if these various requirements cannot be 
fully satisfied in 1878. 

Opposite the Champ de Mars, on the right bank 
of the river, is a vast extent of unoccupied lands 
belonging to the City of Paris, and the steep slopes 
and uneven surfaces of which lend themselves mar- 
vellously to the work of decorative architecture. It 
remained to be considered, however, assuming that 
these lands could be appropriated to the pur- 
poses of the Exhibition, how they could be con- 
veniently connected with the Champ de Mars. 
The problem was not an easy one, It was not only 
necessary to accommodate the projected buildings to 
the broken surface of the ground, but also to arrive 
ata means of combining the two parts together with- 
out interrupting the traffic on the adjacent quays, 
Many plans have been worked out to fulfil these 
twofold conditions, and that to which preference is 
decidedly given, with the approval of the Prefectures 
of the Seine and of the Police, is to abandon the 
Bridge of Jena and the two quays of the Seine before 
the Champ de Mars to the public for exhibition pur- 
poses, and to maintain the traflic of the quays by 
means of two curved roads traversing on the one 
side the Champ: de Mars, and on the other 
the Trocadero, which will separate the ordi- 
nary from the Exhibition traffic withoutinconvenience 
to either. A steamboat will carry from one side to 
the other the few persons who require to use the 
Pont de Jena in going to and from their business. 

This bridge, which is now only 49.20 ft. wide be- 
tween the handrailings, will be increased to 114.80 ft. 
The narrowness of the platform has long been found 
a serious inconvenience, especially on féte days, 
reviews, &c.; indeed so serious an inconvenience, 
that on such occasions the traffic is prohibited by the 
police to prevent serious overcrowding, and the 
permanent widening will be made with the co-opera- 
tion of the City of Paris, 








The structures in the Trocadero, which will be built 
to form a part of the 1878 Exhibition, will comprise 
a great central hall erected on the highest of 
the plateau, and large enough to contain 6000 to 
8000 seats. This hall will be devoted to concerts 
and musical celebrations as well as to general 
réunions connected with the Exhibition. The build- 
ing is intended to be permanent. A large vestibule 
will be in front of the structure facing the Place du 
Trocadero, and on each side two peristyles will 
allow visitors to enter either the gardens on the 
slopes of the Trocadero, and forming a of the 
Exhibition grounds, or into two semicircular galleries 
facing on the Seine, and to be devoted to exhibits 
illustrating historical progress and geographical 
science, These two indletlgn giving their convex 
side towards the Champ de Mars, will be terminated 
by two pavilions. From the lower part of the 
pavilion will pass staircases leading to the various 
levels of the grounds. From the base of the great 
hall which will form a vast rotunda surrounded by 
two storied porticos, and at the point where the 
view is most attractive, will fall a cascade, which will 
discharge itself into a basin, and form the water 
supply for the gardens in the Champ de Mars. 
Large staircases placed at the side of the two peri- 
styles mentioned above, will give access to the 
porticos, to the great hall, and to the various rooms 
on the peristyles. 

In the gardens will be placed greenhouses, aquaria, 
cafés; and various miscellaneous exhibits in their 
own pavilions. Upon the question of permanence 
there has been a difference of opinion between the 
Chamber of Deputies and the Senate. M. Journault, 
reporting to the Chamber of Deputies, says, ‘‘ We 
desire that the buildings in the Trocadero should be 
permanent, and we trust that this hope may be 
realised ; there is reason to believe that the City of 
Paris will desire to purchase them after the close of 
the Exhibition in order to use them for the benefit 
of the inhabitants, 

As to the large building in the Champ de Mars, it 
has been urged that it would be advisable to pre- 
serve it, at least in part. Permanent exhibitions 
have already been attempted in various places, and 
although they have hitherto only met with partial 
success, after the fate of many new ideas, perhaps this 
may be the proper occasion to make a fresh trial, to 
which circumstances may lend their aid, and produce 
a successful result.” This is an argument with 
which we need scarcely say we do not e, and 
one that carries but little weight withit, M. Jour- 
nault goes on to say, ‘‘ Under these conditions we 
have deemed it practicable to suggest the following 
combination. About one-third of the buildings— 
that portion nearest the Seine, from which it would 
be separated by gardens—should be built in a per- 
manent manner, eee that the Minister of War 
considers it possible to abandon the portion of the 
Champ de Mars that would be thus occupied, and 
if the experiment of the permanent exhibition should 
be successful. If these two conditions were not 
fulfilled the building would be demolished, and the 
ground restored to tne Ministry of War. It should 
be observed that in the construction to be adopted, 
the cost of the permanent building would be little 
greater than that of a temporary one.” On the 
other hand, M. Krantz, in the Senate, argued only 
for a temporary exhibition, ‘‘ At first sight,” said 
he, ‘‘ it appears unreasonable to construct gigantic 
monuments, in order to devote them to premature 
destruction, and to expend such enormous sums for 
ca de so ephemeral. The contrast existing 

etween the magnitude of the efforts, and the fragile 
nature of the works, has something antagonistic to 
reason, and to the elementary principles of economy. 
Facts, however, give the first reply to this question. 
England removed her buildings of 1862, France 
those of 1867, the Exhibition at Vienna was only 
temporary, and the buildings now at Philadelphia 
will be taken down at the close of the Exhibition. 
Beyond these facts, however, some very serious 
reasons present themselves, the first being that of 
economy, Permanent buildings are constructed 
very differently to those intended only for a tempo- 
rary purpose, and the difference in cost may be most 
moderately estimated at 25 percent., so that if the 
buildings on the Champ de are to be preserved, 
instead of 18 millions of francs, 22 or 23 millions 
would have to be expendedon them. Moreover the 
sale of the materials at the close of the Exhibition 
would certainly realise not less than 4 millions, 
which would reduce by so much the first cost, With 
permanent buildings, on the other hand, a reverse 
effect results. To preserve such monuments it is 
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necessary to have a board of direction, to employ 
professional assistance, to retain a large stat of 
employés, and, in addition, to maintain the buildings, 
of itself no slight work. Experience has declared 
itself against permanent exhibitions, and there is 
no reason to suppose that this would be an exception 
to other caser, but on the contrary, there is every 
reason to \;' eve that these buildings would remain 
a perpetual charge and burden to the city.” 

e will now pass to the financial questions of the 
Exhibition. The estimates of the cost of the build- 
ings and works connected with the undertaking have 
been very carefully considered, and the Superior 
Council has availed itself of all the information and 
assistance that could be obtained from professional 
sources, as well as from those who have had large 
experience in previous exhibitions. It has thus 
been able to prepare a scheme which it recommends 
with confidence, and which brings the total cost of 
erection, management, and maintenance to a total 
of },292,000/., apportioned as follows : 


The buildings .. 
Park, cascades, &c. ... 
Machinery in motion ... 
Diverting quays ... 


929,100 
130,600 
60,000 
20,000 
38,000 


Gas and water services « (i i 
Special expenses connected with the 
ts 


art departmen Se tee 
Temporary exhibitions of animals 
Administration, wages, fees, 

sundry expenses dae - on 
Restoration of the Champ de Mars ... 


4, 
2, 
and 
86, 
2, 
Total ... in 1,292,500 
To the above must be added : 
Medals... ies se eve - 60,000 
Féte day expenses , oe 
Contingencies 


Total ... one ove »» 1,412,500 
In 1867 the total expenses amounted to 920,000/. ; 
the estimated increase in 1878 arises chiefly from 
the additional surfaces to be covered. 

Unfortunately the necessities which enforce every 
succeeding exhibition to be of greater magnitude 
than its predecessor, are not accompanied, as ex- 
perience hes shown, by a corresponding increase in 
the number of visitors by which alune these under- 
takings can attain success. But the promoters of 
the present scheme confidently anticipate receipts 
amounting to 14 millions of francs, as compared with 
the 10,765,000 francs in 1867. They argue that the 
increase since that date in public circulation by 
carriages, tramways, steamboats, and railroads, has 
shown a rapid development of public inclination for 
travelling and sight-seeing of all kinds. Between 
1867 and 1878 the French railroad réseau will have 
increased very largely, and the same remark applies 
to other European countries, and it is believed that 
this growth will probably represent the increase in 
the number of visitors at the coming Exhibition. In 
1867 the various receipts from concessions, sale of 
catalogues, &c., amounted to 1,235,000 francs, and 
a similar estimate is allowed for in 1878. On the 
same side of the account the sum arising from the 
sale of the buildings bas to be included. These 
materials for the last Paris Exhibition were arranged 
in the most inconvenient manner for general con- 
struction purposes, as has been already mentioned, 
and for this reason the proceeds of its sale realised 
only 1,075,000 francs. By adopting a rectangular 
form of construction this source of depreciation will 
be avoided, and the framework of the buildings will 
be available for a variety of Fy and its value 
will be increased accordingly. The palace on the 
Trocadero will be especially adapted for removal and 
re-erection, anditishoped that the Cityof Paris would 
become the purchasers and owners of a permanent 
hall for concert and other purposes. For this reason 
it is hoped that the amount realised by sale will be 
at least a reasonable one; the Superior Council has 
estimated it at four millions of francs. Putting to- 
gether all these sources of revenue we haye a total 
of 19,235,000 francs, or 769,400/., to sat inst the 
anticipated outlay of 1,412,500/., and leaving there- 
fore a deficit of over half a million sterling. In 
1867 the Exhibition deficit amounted to 480,000/., 
and the amount was divided equally between the 
State and the City of Paris, which has evidently a 
very material interest in having an international ex- 
hibition held within her gates, and can afford to pay 
promo pone | for the privilege. The crowds of pro- 
vincial and foreign visitors drawn together on such 
an occasion, not con add greatly to the octroi re. 
ceipts, but also swell enormously the wealth of the 
city for the time being. The Superior Council, 
however, taking into consideration the large outlay 


that must be incurred by the city in improving the 
Champ de Mars and the vicinity, in enlarging the 
Pont de Jena, &c., pro to limit the municipel 
liability to 240,000/., an amount which there is little 
doubt would be at once guaranteed, As for the re- 
maining ten millions of francs estimated deficit, it is 
argued that the increase in revenues direct and in- 
direct arising from the Exhibition and coming to the 
public treasury would, as was the case in 1867, more 
than compensate for the amount that would have to 
be officially guaranteed. It is argued that as in 
1866-67 there was, owing to the Exhibition in Paris, 
an increase in the railway receipts for passengers 
and fast-freight transit of 13 per cent., it is fair to 
assume a similar increase for 1877-78. Add to this 
that since the earlier date the French railway system 
has been extended to nearly 14,000 miles, and that 
the receipts from the same sources are about 
15,000,000. An increase of 13 per cent. of this 
amount would represent 1,950,000/., of which one- 
fifth or 390,000/. belongs to the State. Similar 
statistics show all other means of transport received 
an immense influx of travellers ; thus the steamboats 
on the Seine carried 27,876,000 persons, and the 
Paris omnibuses 2,592,000 more than in 1866, the 
Paris Cab pope ae receipts were increased 17 per 
cent., and soon. Now the State levies taxes on all 
these companies, and it is confidently expected that 
the sums thus accruing, and which in the budget for 
1875 figuredas five millions of francs, will be increased 
by ten or twelve per cent. During the seven months 
that the Exhibition of 1867 lasted, the postal 
receipts increased 120,000/., and the delivery com- 
panies’ were also very largely augmented. Again, 
if asimilar increase in the receipts arising from tele- 
graphic despatches take place in 1878 that was 
observed in 1867, about 80,000/. more would be 
added to the revenue. Again, itis urged that the 
increase in railway receipts will enable the various 
companies to pay higher dividends to their stock- 
holders, and the stockholders will therefore have to 
pay higher taxes to the State, another source of 
revenue, Finally, it is argued that the consumption 
of dutiable articles will be very greatly augmented 
during the period of the Exhibition, and that this 
will help to swell the total benefice to the State. 
From all these reasons it is confidently believed 
that even if there does not remain a large surplus 
with the Treasury, that department can without 
fear of loss guarantee the estimated deficit mentioned 
above. It has to be borne in mind, however, that 
such estimates as the above are necessarily imperfect 
and prejudiced, that actual expenses are far greater 
than estimated outlay, and that receipts direct or in- 
direct usually fall short of what is expected of them. 


THE RIVERS POLLUTION BILL. 

Last week we gave a brief synopsis of this 
measure, as at first laid before the two Houses 
of Parliament. After much desultory discussion 
it has now passed the third reading in the 
Commons, and, consequently, there seems little 
doubt that it will become law in the present session. 
It appears that a deputation of the Sanitary Institute 
of Great Britain had an interview recently with the 
President of the Local Government Board, and to 
some extent thus strengthened the hands of the 
Government, although we can scarcely perceive that 
much influence should have resulted from the state- 
ments made by that deputation. Mr. Sclater-Booth, 
however, seemed to rejoice in their promised sup- 
port, but admitted that the measure would be of 
only a partial nature. Very probably, like the 
Registration of Trade Marks, the Patents, Gas, and 
other measures, we shall have a series of annual 
amendment Bills ad nauseam. 

It is claimed on the part of the Government that 
a new era has been inaugurated by this measure in 
respect to the pollution of rivers, &c. Possibly this 
may be the case, but we fail to see why this ‘‘ era” 
should not have had an earlier date. It is stated 
that the Bill will prevent the practice of sending 
solid refuse into streams, which practice has already 
caused serious results in regard to agricultural and 
manufacturing industry. But why have the sufferers 
not already put into operation the existing laws? 
Sir Robert Peel and Sir Charles Adderley managed 
to do this most effectually some two years ago in 
reference to the disposal of Birmingham refuse, and 
were we to refer to the records of the Court of 
Chancery, numerous instances of injunctions granted 
might be cited even during a period of nearly thirty 
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It narrows the stream, destroys its navigation, and 
in time of heavy rain causes the flooding of ad- 
jacent lands. Our mining districts in Northumber- 

d, &c., in the north, and Devonshire, Cornwall, 
South Wales, &c., in the south, bear witness to this 
evil. We shall be only too glad to find that the 
new Act will remedy the evils existing in such 
districts. 

In regard to the — of streams by the influx 
of sewage and liquid manufacturing waste, it is first 
in mp Yee provided that no new source of pollu- 
tion shall be permitted. This is excellent so far as 
it goes, and is really only a form of the ‘Clean 
Rivers” Bill also before the House. The question, 
however, arises as to how far present pollutions are 
to be remedied, and in this respect the present Bill 
is of a character somewhat analogous to that of the 
‘* Permissive” kind urged by certain membors in re- 
gard to our drinking habits. Mr. Sclater-Booth, 
however, has met this objection by stating that the 
— power granted to the Local Government 

oard should not be exercised, by giving a certificate 
of extension of time to a local authority, unless such 
authority have shown due diligence in the use of all 
means to purify the sewage antecedent to the flow 
of the effluent into the stream, and, further, it must 
be shown that works are in actual progress for such 
—— But suppose the case, of such progress 
ailing, in what position will the authorities stand ? 
We have had experience in the} case of the 
Native Guano Company, who exercised their best 
endeavours at Hastings, Crossness, &c. Again, the 
General Sewage and Manure Company have taken 

retty successfully in hand Coventry and Nuneaton. 
et we regret to find that on last Saturday the 
Master of the Rolls, on the presentation of three 
titions, ordered the winding up of this company. 
ractically speaking the whole of the sewage treat- 
ing companies, private and public, have been, 
financially speaking, dead and disastrous failures. 

Under the terms of the new Act all local autho- 
rities will be placed in a most difficult position in 
regard to sewage treatment. They have, in almost 
every case, examined existing methods, and acting 
on past experience they are at present quite unable 
to decide on what course they should take. The 
recent conference at the Society of Arts promised 
excellent results, but in practice no such results 
will follow. Perhaps we shall have to resort to a 
National Board for Sewage Treatment as a central 
authority—a long and heavy loan on the Consoli- 
dated Fund, an increase of local taxation, and, con- 
sequently, a howl of indignation on the part of 
ratepayers before this question is settled. 


THE COLNE VALLEY WATER WORKS. 
THE water-bearing strata in the district of Wat- 
ford have for many years past formed a basis 
whereon numerous projects for the supply of the 
neighbourhood and a portion of London with water 
have been framed. Interests, vested, local, and 
otherwise, have hitherto interfered to prevent the 
consummation of these schemes. At length in 1873 
the Colne Valley Water Company was formed, and 
yesterday week their works were formally opened, 
and the long desired supply of pure water to the 
district has been commenced. One difficulty to be 
overcome was the hardness of the water, but this 
was met by the adoption of the late Dr. Clark’s 
softening process. By this means the water, which 
ossesses 18} deg. of hardness as pumped to surface, 
leaves the works with only 3 deg., which adapts it 
admirably for every purpose. The works of the 
company are situated in the Bushey Meadows, near 
Watford, and the site occupied is about five acres in 
extent, The buildings are a group of neat red 
brick structures ; in the centre is the engine-house, 
which is 68 ft. long by 38 ft. wide. Adjoining this 
is the boiler-house, which is 50 ft. square, the coal 
store by its side being 50 ft. long by 20 ft. wide. 
On the other side of the engine-house is the tank- 
house, 63 ft. long and 33 ft. wide, and in which are 
the tanks for the preparation of the lime water. 
Beyond this and forming the end of the range of 
buildings is a circular room 30 ft. in diameter, in 
which the lime is slaked. , 

The well is under the engine-house, and is sunk 
down to a total depth of 235 ft. The upper portion 
is 17 ft. by 16ft. for a depth of 59 ft. from the 
engine-room floor, This portion contains the pumps 
for raising the water as well as those for pumpin 
it to the store reservoir after it has been softened. 
For a depth of 36 ft. more the well is circular, and 
10 ft. in aneter. From the bottom of the well a 
bore llin. in diameter is continued for a further 
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depth of 140 ft., the bottom being 32 ft. below mean 
sea level. The pumping power consists of a pair 
of horizontal condensing engines with 2 ft. 3 in. cy- 
linders and 3 ft. stroke. Each engine drives a 
double-acting plunger pump 12 in, in diameter and 
9 ft. 6 in. stroke—by which the water is raised from 
the well—and a set of three-throw — 10 in. in 
diameter and 2 ft. 6in. stroke for delivering it to 
the storage reservoir, The engines and pumps are 
in duplicate, in case of a breakdown, and the 
engine-house—and, in fact, the entire plant—has 
been laid out with a view to duplicating the whole 
of the machinery should the hoped-for period arrive 
when the demand threatens to exceed the supply. 
Steam is taken from Cornish boilers, of which there 
are three, each being 21 ft. long by 5 ft. 6 in. in dia- 
meter with a 2 ft. 9 in. flue. 

The water is mogies at the rate of 300,000 gal- 
lons per 12 hours from the well, and is delivered 
into reservoirs. ‘There are three of these, each 
capable of containing 640,000 gallons. Here it is 
treated with lime, and after standing some five hours 
or so is pumped by the three-throw pumps to the 
covered reservoir on Bushey Heath, which has a 
capacity of two million gallons. From thence it is 
distributed for service, the districts to be supplied 
comprising Bushey, Aldenham, Elstree, Pinner, 
Harrow-Weald, Stanmore, the higher parts of 
Hendon, and Kingsbury. The reservoir on Bushey 
Heath is situated at an elevation of 518 ft. above 
ordnance datum, so that the water can be supplied 
to the highest land between Watford and the north- 
west of London by gravitation, 

In carrying out Dr. Clark’s process, the lime is 
first slaked in the circular house, and when of a 
creamy consistency is admitted into either one or 
other of the two tanks in the tank-house, each of 
which has a capacity of 74,000 gallons. Here the 
lime is mixed with hard water admitted at. the 
bottom of the tank, and when the water is saturated 
it is allowed to flow vy gravitation into one or other 
of the three reservoirs of hard water in the propor- 
tion of one of lime-water to nine of hard, After 
softening—the chalk held in solution in the water 
being precipitated by the lime—the water, as already 
observed, is pumped to Bushey Heath through 20-in. 
mains. The distributing and supply mains from the 
latter place are 18in. in diameter down to 3 in. 
The lime thrown down in the reservoirs is occa- 
sionally cleared out into adjoining pits, and is after- 
wards sold asmanure. Dr. Frankland, in a certificate 
based upon an analyses of the water as supplied by 
the company, states it to be of excellent quality for 
dietetic and all other purposes, the hardness being 
only about one-fourth that of Thames water. 

The works were designed by Mr. J. F, Bateman, 
F.R.S,, the company’s engineer, the contractors for 
the general men: eing Messrs. Lucas and Aird, 
and for the engines and machinery Messrs. J. Watt 
and Co. The cost has been about 80,0007. Upon 
the occasion of the opening about two hundred 
ladies and gentlemen were present. Amongst them 
were Viscount Malden (chairman of the company), 
General Sir E. F. Walker, Colonel Sir J. Rens, 
Dr. Farr, Dr. Griffiths, Mr. Bateman, Mr. S, Noakes, 
managing director, Mr. P. Verini, secretary, Mr. J. 
Aird, Mr. Homersham, and others. In the absence 
of Lady Malden the opening ceremony was per- 
formed by Lady Juliana Walker, who admitted 
water from the well into one of the softening reser- 
voirs. After the ceremony the visitors were enter- 
tained at luncheon in a marquee in the grounds, 


THE THUNDERER EXPLOSION. 

THE inquest, which had been adjourned to August 
8th, has been again adjourned to August 15th, 
to enable the official investigators and the coroner’s 
assessor, Mr. Fletcher, to complete their examina- 
tions and experiments and reports, As we announced 
last week they have had steam upon two of the 
boilers, the auxili and another. The safety 
valves, which at the time of the explosion were 
loaded to 30 lb., were at this steam trial loaded to 
only 12 lb. per squareinch. Our readers know that 
there is in connexion with the flow of steam a 
critical pressure at which the expression for escape 
Into the atmosphere changes, and that pressure is 
just under 12 lb. For pressures above that, the 
escape of steam into atmosphere through a given 
orifice is nearly proportional to the gross pressure. 





Accordingly an experiment at 12 Ib. pressure may 
give data for the action of the safety valve at the 
highest pressures. The experiment was made 
entirely under the direction of Mr. Bramwell, and 
his report on this experiment will be one of the 





most interesting in the set of papers prepared fF 


the jury. 

We understand that the valves opened just at 
12 lb, pressure, and that the experiment was con- 
tinued for accumulation, the pressure rising to 19 Ib. 
If the fires were kept bright this would correspond 
to an opening of about } in. in breadth for both 
valves. It is probable that the fires would not be 
nearly in racing condition; there might be some 
excusable trepidation felt by the stokers, and oe 
bably the steaming rate at which the fires were kept 
would therefore not be more than half their full 
power, or the lift of the valves would not give more 
than 4 in. breadth of opening all round. It isto be 
hoped that the experimenters have carefully noted the 
pressures with the times to show the rate at which 
the pressure increased after the valves opened. An 
experiment of this kind made with a single valve 
would show clearly whether the valve got set by ex- 
pansion after it opened, and the time at which it 
ceased to lift would be indicated by a change in the 
rate of increase of pressure, This experiment was 
concluded by suddenly opening one of the com- 
municating valves: the names of those who did not 
then run from the stokehole will perhaps be given in 
the report. 

There have been several other instructive experi- 
ments made with one of the sets of safety valves 
connected to a factory boiler at 30 1b. pressure, The 
dockyard fortunately possesses facilities for ex- 
haustively experimenting on every phase of the 
problem, and the inspectors seem determined to 
avail themselves of this to the utmost extent. 
Specimens of the iron cut from the exploded parts 
have been tested at the dockyard, and the result is 
just what might have been anticipated from the high 
standing of the contractors. On many of the fractured 
plates, and upon that plate which seems to have 
first given way, the ‘‘ Bowling” stamp is legible. 

The engraving on page 121 will give our readers 
a good idea of the appearance of the exploded boiler, 
The only damage done to the boiler is in the front 
of the uptake and the front plates of the boiler at 
the oti. At the top right-hand corner of the 
engraving is shown an angle iron connecting the 
top of the uptake to the crown of the boiler. The 
uptake at the top is rectangular, and the front of 
the uptake was a flat plate. We described this 
plate in our first notice as having been originally 
convex, it was, however, quite flat, with 1% in. 
screwed stays tapped into the 3 in, plate at the 
uptake, with the ends in the uptake rivetted over 
and with double nuts on the y;in, boiler front. 
The angle iron shown on the top of the boiler was con- 
tinued round the top of the uptake at the same dis- 
tance, 6in. fromthe front. Thethree shortstays shown 
at the side are similar to the above, the points have 
torn out of the side of the uptake, tearing the plate 
away at the holes. To the left of these there is a 
vertical seam ; this was the corner of the uptake, a 
square corner, flanged. The flanging has been bent 
and the plate brought almost flat, and broken there 
as shown. ‘There are nine screwed stays in the 
front of the uptake ; the screwed holes for six of 
these are shown fractured. The plateis not so much 
injured at these holes as our engraving represents 
it ; at the holes the plate is cupped considerably, but 
the fractures are merely cracks, three at some of 
the holes and five at others. There are two more 
of these stay holes, one is shown to the left of the 
lower four, and one to the left of the upper three 
is hidden by the projecting corner. These two stay 
holes are not fractured, and the cupping is scarcely 
perceptible, and all the stays from these screwed 
holes are otherwise uninjnred in the piece of the 
front plate shown in the engraving. The repre- 
sentation of this piece is not complete in detail, 
some pieces of angle iron stay fastenings are on it, 
and the double nuts are on all the screwed stays. 
These screwed stays in one of the opposite boilers 
are vertically 20 in. from centre of rivets in top of 
uptake, 15? in, vertically between the two rows, and 
164 between the centre of lower row and the centre 
of rivets on lower edge of front. They are spaced 
horizontally at 15 in. and 15$ in. centres, 

The safety valve connexion is just hid by the 
bend in the plate. Seven longitudinal stays were 
fastened to angle irons on the front by pins; 
the angle irons have all torn in the web at the pin 
holes, pieces of the web are shown still in some 
of the stay joints. The angle iron below the posi- 
tion of the manhole has broken across through the 
stay pin hole and two rivet holes which were nearly 
in the same section. The | -iron shown attached 
to the remaining piece of the front is one of the 


stokehole stays; at ¢ and d on the torn front plate 
two more of these are shown. That at dis still 
rattached to its angle iron support, but the one at ¢ 
has punched itself through the plate as described by 
us last week. The other short stays to the front, 
connected by palms to the top of the uptake, have 
drawn the nuts through the front plate—these. holes 
are omitted on ourengraving. The furnaces are un- 
injured, and it is only for simplification that the 
doors are omitted on the boiler front; except the 
smokebox doors, which are gone, all the lower 
doors are in their place. The cause of the explosion 
described by us last week referred the first fracture 
to about the place marked ¢e¢e on the displaced 
. The last part to separate seems to have been 
the part between the two angles iron stays ¢ d, the 
rupture proceeding from ¢ to the right while it was 
going on from ¢¢e to left and right. : 


THE RADSTOCK RAILWAY ACCIDENT. 

On the night of Monday the-7th inst. there occurred at 
Radstock, or rather between Radstock and Wellow, on the 
Somerset and Dorset Railway, an accident parallel in most 
of its incidents with that which took place at Norwich no 
great time since. The Somerset and Dorset line of railway, 
as most of our readers will be aware, has recently been 
leased by the Midland and South-Western Railway com- 
panies jointly. It is a single line and is said to be worked 
on the absolute block system. The facts of the case, so far 
as they have yet transpired, appear to be these. At about 
a quarter past eleven on Monday night a train consisting of 
an engine, twelve coaches, and two guard’s vans left Bath 
for Milford to bring back some excursionists. At Milford 
there is no turntable, and the train had to go on to Radstock 
to reverse. It would have run the journey empty had it 
not been that some holiday folk, finding no other train, took 
advantage of it toreturn from Bath to Radstock, and thus 
some fifty passengers occupied the first two carriages 
nearest the engine. The train passed Wellow all right and 
entered the section for Braysdown siding between Wellow 
and Radstock, At Wellow three officials are said to have 
been on duty, the whole of whom state that proper notice of 
the despatch of the train to Braysdown siding was given. 
At Braysdown siding the signalling duties were under the 
charge of a young man who, on his part, denies having re- 
ceived any notice of the Bath empties, He consequently 
allowed a train filled with excursionists from Bournemouth 
for Bath and Bristol to proceed. Fortunately this latter 
train was not travelling at any great speed, and atill more 
80, it is stated, that from Bath was almost at a standstill 
when the two eame into collision. The empties being the 
lightest suffered the most. Both engines were running 
front on; their funnels became locked, but only the leading 
wheel of one left the metals. Not so the carriages of the 
Bath train. Seven or eight of these were smashed to pieces, 
the framework of the first two being represented merely by 
a heap of splinters. Eleven persons were killed, whilst the 
wounded numbered still more. Of these nearly the whole 
belonged to the train from Bath, that from Bournemouth 
suffering but slightly, a few passengers meeting only with 
contusions and bruises, 

An inquest was opened on Tuesday evening at Wellow 
before the deputy coroner, and about the same time Captain 
Tyler, the Government inspector, visited the scene of the 
accident. We have no desire to prejudge this lamentable 
occurrence, and shall defer any detailed remarks upon it 
until the facts leading up to it- have been produced, but in 
the meanwhile it is impossible to refrain from observing 
that great and gross neglect would appear to exist some- 
where. Of all railway traffic that applying to single-line 
working involves the greatest responsibility and should 
obtain the greatest care. No train should be permitted to 
alter its appointed crossing place without the sanction of 
the superintendent of the line, and then only under a 
written order, in the shape of a telegram or otherwise ; 
which should pass through the hands, not only of the 
station agent, but also of the engine driver. And where a 
block system exists, the further precaution should be taken 
to block the line in advance of the train and to obtain an ac- 
knowledgment from the section in advance that the line is 
so blocked before the train is allowed to start. It would 
scarcely seem possible for such a system as this to have 
been in force in this case, and yet it is difficult to believe 
such obvious and simple rules should not exist, or if they do 
exist that they should not be observed. A further question 
which will also have to be closely investigated during the 
official inquiry, is that referring to the efficiency of the avail- 
able brake power upon the trains at the moment of the acci- 
dent. If the statements which have appeared, as to the 
speeds of the two trains, are reliable, and there is no reason 
to suppose that they are otherwise, there is no doubt what- 
ever that with efficient appliances for stopping the trains, 
this deplorable accident might have been, if not entirely 
avoided, at least reduced to the most insignificant propor- 
tions. 








TASMANIAN TIN.—The deposits of tin existing in th 
north-east of Tasmania, especially those at Upper 
rooma and the Blue Tier, are stated to be “‘ surprising] 
rich.”” The absence of roads, however, tly hind 

evertheless, fresh claims are bei 
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MECHANICAL PUDDLING. 
To rue Epiror oF ENGINEERING. 

Srm,—My name has been a good deal before the public 
in your paper and others, in time past, in connexion with the 
Crampton dling furnace, and I trust you will afford me 
space for the following explanations. . 

In November, 1873, I undertook for Mr. Briggs of the 
Carlton Iron Works, an examination of the furnace at 
Woolwich, which I intended to be only of a very cursory 
character. I had previously been connected with puddling 
for over twenty years, had made many attempts to get a 
proper understanding of the process and to effect improve- 


tAtensytie® Calvert and Solinses ts L067 So, the poseent ee 
to e one experiment, and then to build a theory aye 
it. I hope scientific men will pardon me saying so, but 
such a course does not appear at all in accordance with 
scientific requirements. Should there not first be a broad 
basis of facts on which to build the theory? Facts care- 
fully ascertained and well authenticated, not cooked or 
trimmed to suit preconceived notions, but the bare naked 
truth. Iam not aware of any recorded experiment that 
will bear strict scrutiny and come out of it unscathed. I 
have not time to go into this matter, but will just mention 
that the experiment alluded to by Mr. Head, though one of 
the best of its kind, has a fallacy at the root of it. Dr. 








this should be carefully distingui 

of the furnace itself, or fro chemical aspects of the 
puddling process. The composition of the iron may be the 
same exactly in two different bars, and yet. the results of 
testing may be entirely different. Perhaps this will be best 
explained by way of example. 

n our own practice at Workington (Kirk Brothers and 
Co.’s) we manufacture a class of iron for special purposes 
under the name of ‘‘ Marron,’’ in which we use as much 
hematite as we safely can. There are some practical diffi- 
culties in the working of hematite which we Have not been 
able to overcome by the old respectable ‘‘ rule-of-thumb,”’ 
so we have occasionally for years past sought the aid of 


RESULTS OF EXPERIMENTS TO ASCERTAIN THE TENSILE STRENGTH, &c., OF TEN PIECES OF IRON BAR, RECEIVED FROM MESSRS, 
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ments in the conducting of it, had visited many different | 
works to inspect patent furnaces of various kinds, including 
several forms of the mechanical rabble and of the rotary | 
system, had been more or less disappointed with every one 
of them, and went to Woolwich with some degree of pre- 
judice against mechanical puddling in general. Once there 
Lowever f became deeply interested in the furnace, and 
watched it closely for some days. 
new, original, and in every way worthy of the name of 


mechanical puddling. The manner in which the furnace | p 


performed its work was against all precedent, not a theory 


that had come to my knowledge nor a fact within the range | 
of my experience would account for what wa: there plainly | 
to be seen, and I was most anxious to have a searching | 


inquiry made into the whole thing either by a commission 
appointed by the Iron and Steel Institute, or by the com- 
pany of which Mr. was at the head. In this I was 


a : 
altogether disappointed, and as I felt, and still feel, that | 


this was the only proper course to take, I have had very 
little to do with the furnace since, But now, judging from 
the discussion on the Crampton furnace at the recent meet- 


ing of Mechanical Engineers, there seems to be some prospect | 
I wish that | 


of the examination I then set my mind upon. 
the thing should be done thoroughly, hence my troubling 
you. Mr. Head has very usly offered to undertake 
it, but it is not fair that either he or any other gentleman 
should do it at his own expense. The trade ought to take 
it up. It bas been too much the fashion all along from the 


Here was something | 


Holman tells us in reference to the experiment, ‘‘ The 


| same morning there had been two charges of grey pig heated 


without foreign admixture of iron turnings or pig, so that 
the slag in the furnace on beginning the experiment was 
the normal slag corresponding to the pig experimented with.”’ 
Now as the cinder in the furnace at the end of the experi- 
mental heat was, according to the doctor’s own showing, of 
a much poorer character than the cinder in the furnace 
when the heat was charged, and as it is well known to 
ractical men that the poorer cinder means poorer iron 
| next time it is used, it is evident that the research was not 
carried far enough, and I venture to say that if two more 
heats had been worked of the same kind of iron, and as far 
as possible under the same conditions, and everything had 
| been weighed into the furnace and out of it, and the fettling 
and cinder at the beginning and again at the end of the ex- 
periment had been carefully estimated, at least ten times as 
much information would have been gained. 
| When we turn from the chemical to the mechanical aspect 
of ironmaking, we often encounter the same inexactitude 
of description. For instance, we are told that a bar of 
| iron made in the Crampton furnace from India pig broke 
with 24 tons and elongated 30 per cent., but we are not told 
the size of the iron nor the distance over which the clonga- 
tion was measured, though these are both important factors 
in any calculation to determine the value of the iron for 
actual work. Besides, bars or plates of iron vary very 
much according to the mode of their preparation, and 





It oceurred to me recently to accom- 
gue the analysis of the finished product not only with 
ogo fests as before, but with reliable machine tests by Mr. 
Kirkaldy as well, and in order that the tests should be 


chemical analysis, 


| perfectly fair for comparison with other iron in ordinary 


use, the samples were not extra worked in any way. The 
iron was only twice in the furnace altogether, once in the 
shape of pig and the second time as a puddled bar pile five 
pieces in ——. I give above both the tests and the 
analysis, the latter being by Mr. G. F. Downar, of Work- 
pean who is well known here as a most careful and pains- 
taking analyst. I have not any analysis of Mr. Crampton’s 
iron for comparison, neither have I any exact and full tests 
of it, so I give an analysis of Lowmoor armour plate from 
Dr. Percy, and tests of Lowmoor bars from Kirkaldy’s ex- 
periments published in Glasgow in 1862. The analysis and 


| the tests will probably both refer to about the same time, 
| and though not of the same description of iron, it is not, I 
| think, likely from the regular character of the Lowmoor 





iron that there will be much difference between the armour 
plate and the bars chemically, except perhaps a less amount 
of carbon in the armour plate, which was uired to be 
very soft to withstand the sudden impact of the shot. I 
must remark in justice to the Lowmoor iron that there was 
no doubt an error in the determination of the sulphur 
which is very high for finished iron, while an analysis made 
by Dr. Tosh, of Teens; in 1868. for the purpose of an 
inquiry into the causes of the red-shortness in iron made 
from hematite gave only .002 per cent. of sulphur in the 
Lowmoor. Not to lay myself open to the charge preferred 
against others of furnishing insufficient data, I give the 
accounts of the tests and of the analyses in full, and though 
they are very bulky in this form, they are also far more 
valuable for come and will repay, to those interested 
in the subject, a little study to show the influence of treat- 
ment = iron as distinguished from its chemical composi- 
tion. It will be seen that the Lowmoor is superior in the 
tests in all respects except that of extension, in which the 
Marron appears to have the advantage, especially as the 
lengths over which the extension of the Lowmoor were 
taken were inferior to the lengths of the Marron, the latter 
being uniformly ten inches, and the Lowmoor, for the first 
set of four, 7.6in. ; second set, 7.2 in-; and the third, 6.6 
inches, As iron elongates far more at the point of fracture 
than in the rest of the bar, it is very evident that the 
shorter the _— the extension per cent. The 
tensile strain, ever, of the Lowmoor in » 18 given 
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as 24,644 tons per square inch, which is lower than the 
Marron cable, and strengthens the surmise that the carbon 
in the bar iron was higher than in the armour plate. The 
mode of manufacture pursued at Lowmoor is well known in 
the trade, and is understood to include first, refining of the 
pigs, puddling in very small heats to obtain regularity in 
the results, hammering well and —_ down into flat 
plates, breaking up these plates into small pieces and care- 
fully sorting into different classes for different purposes, 
piling, reworking, and hammering a number of times to 
produce soundness and homogeneity as far as possible. The 
result of all this careful and extensive manipulation is seen 
in the very great uniformity of the iron, and in its immense 
— ; thus, the highest Lowmoor, 65,160 lbs., is only 
6938 lb. above the lowest, while the highest Marron is 
61,282, being 8901 above the lowest ; and it will be observed 
there is a difference in favour of the Lowmoor in extreme 
tensile strain of 3884 1b. Similar results as to uniformity 
would probably be brought out by examining the contrac- 
tion of area at the point of fracture, and the degree of 
extension in the same way ; but I shall not enter into this, 
my object being rather to induce others to do so. It may 
be observed that, both in the Lowmoor and in the Marron, 
the extension is greatest in the largest sizes and least in 
the smallest. I refer to this to show what has been before 
alluded to—the ‘importance of the size being given in con- 
sidering elongation, and I wish most particularly to draw 
attention to this quality of extension, because a high degree 
of it is dwelt upon as a principal feature of the Crampton 
iron, Before leaving this question of tests, I will just add 
that the fractures of the Marron cable and of the rivet 
quality, when nicked all round, and broken in the usual 
way upon the anvil by the smith, were chiefly fine, close 
crystal, rather blue in colour ; but there was not a speck of 
crystal in the fractures by the machine. Test No. 3504 
was not perfectly welded, which may have something to do 
with the comparatively low degree of contraction of the 
fractured area, viz., 32.8 per cent. 

We will now pass on to the consideration of the analyses 
of the two kinds of iron, and here there is a great supe- 
riority in favour of the Marron, it being considerably lower 
in silicon, phosphorus, and manganese, and higher in carbon. 
The influence of manganese upon finished iron does not ap- 
pear to be very clearly ascertained, but it is generally held 
that carbon gives extra strength to it, and is therefore a 
desirable element, especially when phosphorus is very low 
as it is in the Marron. It is only by putting the Marron 
through the same treatment as the Lowmoor, or through 
whatever treatment might prove to be best adapted to 
develop to the fullest extent its most valuable properties 
that the comparison between the two kinds of iron would 
be on a fair basis, and this should be constantly borne in 
mind in comparing the analyses and tests of the two brands 
with each other. Practical men frequently evince a dis- 
position to despise analyses of finished iron as giving little 
or no indication of its real quality, and it is quite clear from 
what has been already advanced, that the method of manu- 
facture is fully as important as the purity of the article, 
but it is not possible on the one hand by any amount of 
careful manipulation to make a quality like the Lowmoor 
out of a chemically impure paddled iron, nor is it ossible 
on the other hand, with an iron of the very purest descrip- 
tion, to attain to the Lowmoor standard of excelleuce with- 
out putting the necessary amount of work upon it, and 
exercising the requisite degree of care in the manufacture. 
I never have before seen analyses and tests of finished iron 
given in juxtaposition as they are given herein, and trust 
they will be followed by others from other makers, and 
especially by a similar and similarly full exposition from 
Mr. Crampton. I could add a great deal more about the 
tests and analyses as they appear in the Tables, and the 
lessons they seem to teach, but will refrain for the present 
in the hope of getting hold of more facts so as to obtain a 
proper ten average. Theorisers are a highly useful 
class when they have sufficient material to work upon, but 
without that are rather apt to be misleading and injurious, 
and they are, I think, at present somewhat in excess of the 
demand which just now appears to me to be rather in 
favour of those who are ready to give their time and atten- 
tion to the ascertaining and recording of facts which, 
though afar more humble pursuit, is equally useful. To 
expect knowledge or science from theorising upon in- 
sufficient data is no more reasonable than it would be to 
expect the human stomach and other assimilating organs 
to build up a strong healthy body upon a scanty supply of 
innutritious food, foul air, and filthy water. There are 
the means of obtaining food for the theorists in a strict, 
careful, and somewhat extended examination of all the 
materials into and out of the puddling furnace, not of 
composition only, but also of the actual quantity or weight 
as well, and this examination should include the escaping 
gases. We should then, I think, soon find out whether 
any of the phosphorus or the silicon escaped up the chimney, 
which they must do if the statements of some sanguine in- 
ventors and of their supporters are correct. 

Yours truly, 
, Henry Kirk. 

Workington, August 9, 1876. 





DISHED ENDS FOR BOILERS. 
To THE EprTor oF ENGINEERING. 

Srr,—It does not seem to me that you have by any means 
proved your case against the Clyde engineers in the matter 
of dished ends for boilers, as boone forward by their 
memorial to the Board of Trade. Referring to your reply 
to “‘ W. P. D’A.”’ in your issue of July 14, page 31, the 
value of the compression be, Fig. 2, to which any detached 
portion of a spherical shell would be subjected is : 

; 4p r—ri2 . ' ‘ 
where r is the radius of the sphere, r' the radius of 
tached circular segment, both in inches, and 





Q) 
the de- 
the pressure 


per square inch. Maultiplying this by r' we get the amount 
of compression on one-half of any section through the 
spherical end, viz : ie 
priv r—rz « - + (2) 

Here we have the well-known formula ent by Rankine 
in ‘‘ Useful Rules and Tables,” page 208, which is an ex- 
pression equivalent to that given by you, that the above 
force is equal to p x half the area of the triangle formed by 
the chord of the arc and its radii. 

The above formula is given by Rankine to find the thrust 
which the flange, with which the segment should be pro- 
vided, must be able to stand, and, if the conditions which 
you have yourself supported are to be maintained at the 
circumference of the segment, the above compression strain 
should be borne altogether by a flange, and not by the 
dished end, and the end plate need only be made “‘ of plate 
suitable to the intended pressure and to the diameter of 
the sphere of which it is a portion,’’ as the Clyde engi- 
neers say. The question then comes to be whether, in such 
cases as cylindrical boilers with dished ends, the flange is 
generally sufficiently strong to bear the strain brought 
upon it. I venture to think it is, but if in any case it is not, 
the more sensible way of helping things is, not to puta stay 
through the centre as the Board of Trade pve but to 
provide a flange sufficient to bear the strain given by 
formula 2. 

Thus, taking the example given by you in your issue of 
July 7, page 14, of a pom ed om segment}40 in. in diameter, 
5 in.{high, subjected to a pressure of 60 lb. per square inch. 
Here r=42.5; r' and p=60. The compression strain, 
therefore, on a flange would be, from 2, 

+x 60x 20x 4 42.5°—207=22,500 lb, 





(3) 


This is balanced by the internal pressure on the sides of the 
vessel to the extent, within 3} in. from the end, of 4200 lb. 
reducing the strain, on that length of the metal composing 
the flange, and that part of the shell to which it is rivetted, 
to 18,300 lb. or 8.17 tons. If we allow that the metal will 
stand 5 tons in the square inch, in the very favourable 
conditions under which it is placed we require only 1.63 
square inches of metal. This is quite under what it would 
have in any case which occurs in practice. 

In fine, Sir, I think that the Clyde e 
justified in speaking of stays in dished en 
complication.”’ 


ineers are quite 
as a “‘ useless 


T an, Sir, yours faithfully, 


Groras W. 

Paisley, August 8, 1876. 

[Our correspondent has quite misunderstood our remarks 
on the memorial of the Clyde engineers to the Board of 
Trade ; we have no “‘case against the Clyde engineers.”’ 
Their case is also our case ; we as well as they desire to see 
all unnecessary restrictions removed from the manufac- 
turer of marine boilers. The difference between us is one 
of policy only ; the Clyde engineers have no patience with 
the rules, they treat them as wholly without reason, we 
take the other plan, we look at the rules as all based on 
some reasoning which appeared to the rule maker sufficient, 
and we try to find out what that reasoning may have been, 
so that we may not hurriedly conclude that the rules are 
the result of defective information or want of judgment as 
the memorialists seem to infer. Our remarks on the stay- 
ing of dished ends were more directly in reference to our 
contemporary’s assertion, that the strains in any portion of 
a spherical shell were tensile and only tensile. Our corre- 
spondent quotes from Rankine a formula equivalent to the 
statement we made by diagram, and, therefore, corrobora- 
tive of what we said. We do not recommend that in every 
case longitudinal stays should be used for dished ends ; 
where the section of the connecting flange is sufficient to 
sustain the thrust of the compression strains we would 
much prefer to have no longitudinal stay. Our corre- 
spondent’s 22,500 is in accordance with our verbal expla- 
nation, but as he points out we inadvertently gave 45,000 
as the numerical result, and we thank him for drawing our 
attention to it.—Eb. E.] 


ACALPINE. 








COVERING STEAM PIPES. 
To THE EpIToR oF ENGINEERING. 

S1r,— Your correspondent, Mr. E. Unwin, can employ 
the covering alluded to in your number of August 4th with- 
out the slightest fear of its firing. Itis now more thana 
year since we adopted it, and we find it quite safe from 
accident by heat; and our pipes are pl in a room in 
which the temperature is very high, there being six large 
generators and several annealing ovens ; one of the pipes 
is placed a few inches only from one of these ovens, and is 
consequently exposed to great heat. We may add that on 
one occasion one of the oil recipients in which we harden, 
having taken fire by accident, the flames surrounded one of 
the pipes in question placed immediately over, and attacked 
the surface alone of the covering which was not otherwise 
damaged, and extended no further, which may be ectly 
explained by the fact that the mixture being hardened by 
heat forms a compact and hard substance. ‘I'rusting these 
few lines will give full satisfaction, 

I remain, Sir, yours obediently, 
A ConsTANT READER. 

Boulogne-sur-Mer, August 9, 1876. 








BURNING SAWDUST. 
To THE EDITOR oF ENGINEERING. 
S1r,—In reply to Mr. Hall’s inquiries in your paper of 
the 23rd June: keep grate low; grate surface large; grate 
bars thin; spaces between bars narrow; begin firing with 
sticks of wood, then only with sawdust in a very thick 
layer, and it will burn without difficulty, even if wet. 
Tan, Sir, yours faithfully, s 
ERT RUNEBERGE, Engineer. 
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Helsingfors, Finland, July 28, 1876. 


not 45,000 as you, by some inadvertency, have made it. | 


McCARTER’S CONDENSER. 
To THE EDITOR OF ENGINEERING. 

Sr1r,—We have noticed your report of a — which 
appears to have been read before the Institute o hanical 

ngineers, and some remarks thereon from your corre- 
spondent ‘‘ W.”’ in your last issue. 

There would ap to be no doubt of the economy over 
an air pump in this condenser, although, as your corre- 
spondent remarks, the 30 per cent. mentioned -as one 
instance must be an error, or cannot be all due to the 
condenser. Our experience would show that the steam 
used to work the lower chamber is from two-thirds to 
three-fourths of that required to work a similar air pump. 

We attach no special advantage to the placing of the 
condenser above the engine; but, if so placed, it is im- 
possible for any return water to reach the cylinders, as, on 
the water reaching a certain height in the condenser, the 
vacuum is destroyed, and the water falls out through the 
foot valves. It is certainly at times an advantage that 
the condenser may be placed anywhere in or near the 
engine-room. 

e may in conclusion say in reference to questions asked 
at the discussion, that the air passes out with the water, 
the condenser giving, under ordinary circumstances, a 
vacuum of 27in., and that they have been so running for 
years, using salt, sandy, and muddy water. Trusting that 
you may find space for the above, 

We remain yours truly, 
HvUxXHAMSs AND Brown. 
Exeter, August 9, 1876. 


BULL’S BRICK KILN. 

To THE EDITOR oF ENGINEERING. 
Srr,—In your issue for October 22nd last year you were 
kind enough to publish {an article on my patent kiln. 
Never having burnt a kiln of this kind in land I was 
unable then to give any absolutely reliable statistics as 
regards the quantity of fuel required in this country. I 
am now in a position to do so, and would feel obliged by 
your publishing this letter as a sequal to the article above 
referred to. 

A kiln on my principle has been most successfully burnt 
in the brickfield of Mr. John Harris, at Basset, near 
Southampton, under the following circumstances: There 
being an objection to a kiln which could not be burnt off 
between Sundays, this one was only 50 ft. long instead of 
100 ft. or more as it might have been. A reference to the 
article before referred to, will show that there are two sorts 
of firing, first, from the furnaces below, second, from above. 
The former ceases altogether when a certain length of the 
kiln has been burnt off, and would of course be the same 
for either a short or a long kiln. In a kiln of the full 
length recommended by me the quantity per 1000 bricks 
loaded would therefore only have been that used in 
the present instance. 

The quantity used in this instance was 7} tons in the fur- 
naces below and 5 tons of dust coal in firing from above, 
the cost of the latter being about the same as for 3 tons of 
large. The number of bricks loaded was 55,000. In a 
Scotch kiln alongside this one holding 51,000 bricks, 20 tons 
of coal are required, or say 214 tons for 55,000, all large 
coal, against 7} tons of large and 5 tons of small equal to 
104 tons of large or ordinary coal. The ae this short 
kiln was therefore over 50 per cent. In a large kiln it 
would be nearly if not quite two-thirds, 

When it is considered that this large ype: can be 
realised without any complicated system of underground 
flues, chambers, chimneys, or dampers, and in a kiln costing 
less per 1000 bricks than any I know of, it is desirable that 
the above facts should be widely known. ' 

Yours truly, 


W. Butt. 
Portswood, Southampton, August 7. 


NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig Iron Market.—The pig iron market was 
steady on Thursday forenoon, with a moderate business 
done at 56s. 4$d. and 56s. 5d. cash, also at 56s. 7}d. and 
56s. 8d. one month, closing buyers at 56s. 5d. cash, sellers 
56s. 6d. There was a steady market in the afternoon, 
business being reported at 56s. 6d. cash, closing sellers 
over, buyers 56s. 44d. On Friday the market was pret 
firm, and there were buyers in the forenoon up to 56s. 8d. 
cash and 56s. 10}d. one month open; but in the afternoon 
56s. 6d. cash was accepted, that price being still obtainable 
at the close. Monday was a dies non amongst the iron 
merchants on ’Change, that being one of Sir John Lub- 
bock’s Bank Holidays. There was a quiet but steady 
market yesterday forenoon, with a small business done in 
warrants at 56s. 6d. cash, closing buyers over, sellers 
56s. 74d. The market was idle during the afternoon, no 
business being reported, and prices remained as in the fore- 
noon. Prices were a shade easier this forenoon, business 
being done at 56s. 44d. up to 56s. 6d. cash, closing with 
sellers at the higher, and buyers at the lower quotations. 
No business was reported in the afternoon, and prices 
were unchanged. Langloan No.1 was reduced in price 
1s. per ton last Thursday, but makers generally have not 





shown any disposition to lower their prices any further, 
G. M. B. iron lately been somewhat scarce, in 
consequence of holders being inclined to send their iron 

hands, both 


into store. Lower prices are a mer on some 
of G. M. B. iron and special brands. Shipping iron is 
rather easier in price. t week’s shipments amounted 
to 8650 tons as against 11,014 tons for the oe 
tage of Ig rege 4 stocks with penn Connal an 

0. up ti st Friday evening was 74,783 tons, being an 
increase during the week of 1688 tons. 


Death of Mr. JamesF. Blair, C.2.—Mr. James F. Blair, 
C.E., who has been so long and so fa among 





known 
his professional brethren, locally and here, as the 
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engineer of the City of G Union Railway, and more 
Serene ie ener oie ee ene tan 

been in progress for a num years from 
pees rc to St. Enoch-square, has died 


Stockwell-street 

aaa Blair left London on bees a sp he 
for Swi , with the intention of spending his annual 
holidays there. He died almost suddenly on Wednesday. 
Originally ing to Irvine, Mr. Blair acquired his early 
experience as a civil i under Mr. John Miller, of 
Leithen, near Edinburgh, who duri 


many years had a 
most extensive connexion with almost all the railways then 
in course of formation in Scotland. After leaving the 


service of Mr. Miller he became resident engineer, under 
Mr. John Fowler, over a large extent of railway work 
which was in progress in the west and north-west of Ireland. 
He then came to Glasgow and settled as a civil engineer on 
his own account. One of his first undertakings was to 
scheme the Union Railway, and from 1864 up till 
his death Mr. Blair was chiefly engaged in carrying out 
the scheme. He was nearly fifty years of age. About a 
dozen years ago he was admitted to the membership of the 
Institution of Civil ees. Latterly he was also the 
engineer for the Minho District Railway, in Portugal. 
Glasgow Ci tion Gas Works.—The Town Council 
of Glasgow sat last Thursday in their capacity as Gas Com- 
missioners, when they had under consideration the annual 
statement of accounts and report from the Gas Com- 
mittee. It was reported that such favourable contracts had 
been made for the year’s supply of coals as would allow of 
the price of gas being reduced from 4s. 7d. to 4s. 2d. per 
1000 cubic feet, the reduction to be retrospective, and to 
date from last survey of the meters. The gross revenue 
for the past year was 364,895/. 14s. 7d., and the gross ex- 
penditure was 272,903/. 0s. 11d., the quantity of gas sold or 
accounted for during the year being 1,415,489,000 cubic feet, 
being an increase of 54 per cent. over the p ing year. 
All the works have been maintained in a state of efficiency 
during the past year ; the length of new mains laid during 
the year was 21, ards, and the number of meters was 
increased from 114,132 to 118,598, the increase being 4466. 
The greatest consumption in t venty-four hours was 9,982,000 
cubic feet, the producing power of the works being 11,220,000 


cubic feet. A long discussion took place upon the recom- 
mendation of the Committee that the system of giving dis- 
counts to consumers should be discontinued, but the 


recommendation was eventually agreed to. 

St. Enoch Station Hotel.—The contract for the erection 
of the new hotel which the City of Glasgow Union Railway 
Company have resolved to build in connexion with their 
station at St. Enoch-square has just been let to Mr. James 
Watson, Glasgow. The operations are to be commenced 
immediately, and it is anticipated that the building will be 
completed in about eighteen months. In addition to the 
pablic rooms and the other apartments, there are to be 
about 200 bed-rooms, thus making the St. Enoch Station 
Hotel the largest establishment of the sort in Scotland. 
Mr. Watson’s tender is understood to have been about 
100,0001. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the attendance 
on Change at Middlesbrough was again large, but very 
little business was done. There was no alteration in prices, 
No. 3 Cleveland pig being quoted 45s. per ton, and the 
other qualities at proportionate rates. Nearly everybody 
who assembled in the spacious and commodious hall occu- 
pied himself in discussing with some friend the financial 
position and trade prospects of Cleveland. 

The Monthly Returns.—We anticipated last week that 
the publication of the Cleveland Ironmasters’ Association 
returns would show a large increase in makers’ stocks. The 
returns show that we were right. It appears that out of 
159 blast furnaces 115 are in operation, 44 being idle. Last 

ear at this period there were the same number of furnaces 
in the district, and 114 were in blast. 

The Finished Iron Trade.—In this branch of industry 
there is really no change. Several large works are inope- 
rative, and it is a problem very difficult of solution as to 
when they will again be in full swing. 

The Affairs of Thomas Vaughan and Co.—The affairs 
of this company, who are the owners of so many blast 
furnaces at Middlesbrough, ironstone mines, iron works, 
and collieries, are receiving the clesest attention. The 








attempt to turn over the vast undertakings of the firm to 
a limited liability company have failed ; it is now proposed 
to on the various works under trustees. It is hoped 


that the creditors will agree to the scheme proposed. 
Some definite arrangements must be made in the course of 
a few days. 

The Affairs of Raylton, Dixon, and Co.—As we reported 
last week, it was pro at a creditors’ meeting that a 
composition of three shillings in the pound should be ac- 
cepted] from Messrs. Dixon and Co., iron-ship} builders, 
Middlesbrough. The liabilities are 166,282/., and the 
assets, which are considered good, 12,0031. Since the 
ing the firm have filed a petition in bankruptcy for 
liquidation. 

The Affairs of Messrs. Charlton and Co.—Messrs. 
Chariton and Co., ironstone owners, iron manufacturers, 
and colliery owners, have had one or two meetings of their 

itors. 





ew gg te Museum at Sours KenstneTon.—Mrs. 
Council, for the 
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her late husband, John 
is now exhibited in the 
paratus. 


has presented to the Lord President of the 
posed Scientific Museum, a valuable 
ong invented and made by 
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Loan Collection of Scientific Ap- 


VERTICAL BLOWING ENGINE, 


Tue subject of our two-page engraving this week is a 
vertical blowing engine constructed by the I. P. Morris 
Company, of Philadelphia, and shown by them at the Cen- 
tennial Exhibition. This engine is of the type now most 
in favour with many American furnace managers, and in 
fact, since the first engines of the class (a pair having 40 in. 
steam and 658 in. blast cylinders, with4{ft. 6 in. stroke, 
giving a blast pressure of 25 lb. for Bessemer steel produc 
tion) were made about eight years ago, twenty-four, includ- 
ing that| made for the Centennial Exhibition, have been 
built and put into successful operation. The engines thus 
made have blast cylinders varying in sizefrom 75in. in 
diameter by 6ft. stroke, up to 108 in. in diameter by 9 ft. 
stroke, and nearly all of them are provided with con- 
densing apparatus, and are adapted for using steam of 40 Ib. 





initial pressure admitted during three-fourths of the stroke. 
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All the parts are proportioned to the work of supplying 
blast of 101b. pressure steadily, if needed, and though the 
ordinary working of anthracite coal burning furnaces does 
not demand that high pressure, yet it has been exceeded, in 
one case 13$ Ib. having been blown for a considerable period 
of time without damage to the engine. 

The Wanich equilibrium valve with which this engine 
is fitted, was applied first about four years ago to an engine 
at the Lebanon furnace, and soon after it was applied to a 
second engine at the same furnace, on both of which it has 
proved highly satisfactory, saving steam and being entirely 
manageable. Double beat valves will sometimes leak even 
if ground in under steam, owing to unequal expansion be- 
tween themselves and the chamber containing their seats. 
The single beat valve with a “pilot” or supplementary 
valve is not easily handled on blast engines where it is 
found best, in order to promote regularity of motion, to set 
the steam valves late, sometimes so much that the piston 
has moved one-twelfth of its stroke before steam is ad- 
mitted ; consequently the passages and space within the 
cylinder to be filled is proportionately so great and rapidly 
increasing that steam cannot pass by the “pilot” valve fast 
enough to equalise the pressure on the upper and under 
sides of the main valve, unless the pilot valve be increased 
largely in area, when it becomes unmanageable by hand. 
To overcome this Mr. A. Wanich, foreman of the ma- 
chine shop of the I. P. Morris Company, designed the valve 
illustrated in the detail views, Figs. 5 to 8, and found its 
action to to be satisfactory. The arrangement consists 
in the use of a ring cast on the back of the main 
valve extending upward, and bored out so as to envelope 
and slide freely upon the outside of another ring cast on 
the steam chest bonnet, this ring dropping downwards and 
being turned. The rings are of course concentric, and the 
annular space between them is quite small in area, very 
much less than the aggregate area of the holes for the passage 
of steam below the “pilot” valve, consequently any steam 
passing the annular opening when the “ pilot’’ is raised goes 
freely through into the cylinder, exerting no appreciable 
pressure on the back of main valve, and permitting it to 
rise easily. This absence of pressure has been proven by 
connecting with the space enclosed by the rings an ordinary 
steam gauge, which showed the presure when the pilot was 
seated to be 85 1b.; but when the pilot was raised the 
pressure suddenly fell to almost zero until the main valve 
opened, when it rose again to 35 Ib. 

The blast valves of the engine we illustrate are of 
selected thick sole leather backed with plate iron. The blast 
piston is fitted for either metal, wood, or bag packing, and 
the steam piston is fitted with metal double rings held out 





by springs. The steam valves are lifted by cams operating 











directly against rollers fitted into the bottom ends of lifting 
rods. These cams are adjustable, but not variable, and give 
facilities for experimenting to determine the best distribu- 
tion of the steam without interfering with each other. The 
cam shaft is driven by spur gear fitted to the main shaft. 

The flywheels are large, and weigh 40,000 Ib. each. The 
rim of each wheel on the side in line with the crank-pin is 
cored out so that the preponderance of the opposite side will 
counterbalance the weights of the pistons, rods, crossheads, 
&c. The shaft is of wrought iron with ample bearing 
surfaces. The crosshead swivels in the yoke connecting 
the two piston-rods, and is provided with spherical journals 
for connecting-rods, so that it may accommodate itself to 
any inequalities of wearin main shaft or crank-pins. 

The height of the engine compared with its base is sug- 
gestive of instability to those not familiar with the type, 
but the defect does not exist. A foundation of hard bricks 
or good stone, long and wide enough to take the bedplate, 
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and 10 ft. deep, is known to be quite sufficient to sustain the 
engine without perceptible swaying of the top. 

The height is mainly due to the length of stroke compared 
to diameter of blast cylinder, whereby a given quantity of 
air can be supplied by a lesser number of revolutions. The 
engine illustrated bas a 75 in. blast cylinder, and 48 in. 
steam cylinder, the stroke being 6 ft., and usually in en- 
gines of this stroke the speed does not exceed 20 revolutions 
per minute. The loss in delivery due to piston clearance, 
and space in the passages of blowing engines, is as a rule 
materially over-estimated, but a given piston speed being 
determined upon, the use of a long stroke has the advantage 
of diminishing the number of beats of the blowing cylinder 
valves required for the delivery of a given quantity of blast, 
and it is thus an advantage. In conclusion we may remark 
that the general design and details of the engine we illus- 
trate have evidently been worked out with much care, and 
the engine is altogether one calculated to do good work. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
New Railway Station near Sheffield.—A new and con- 
veniently designed passenger station for Ecclesfield has 
just been opened on the South Yorkshire section of the 
anchester, Sheffield, and Lincolnshire Railway, within a 
short distance from Sheffield. 


British Medical Association at Sheffield.—The annual 
ey of the British Medical Association was held in 
Sheffield last week, several of the leading works being 
thrown open for the inspection of the members. At the 
Norfolk Works of Messrs. Thomas Firth and Sons, a 5-ton 
ingot, to form the tube of a 10-in. gun was cast, and at the 
Cyclops Works of Cammell and Co. (Limited) an armour 
plate 12 in. in thickness, and weighing about 19 tons, was 
rolled in the presence of large gatherings of the visitors. 


The Dronfield Boiler Ezplosion.—At the adjourned 
coroner’s -— into the cause of the boiler explosion at 
the Twenty Well Store Works, the jury found that it re- 
sulted from an insufficient supply of water, the vottom 
of the water gauge being stopped up with hard dirt. 

The North Central Wagon Company.—The half-yearly 
report of the directors of this company recommends the 
usual dividend of 10 per cent. in addition to a bonus at the 
rate of 4per cent. The wagon stock account shows that 
1505 —— have been purchased during the past half-year. 
Sidings have been laid down on the land recently purchased 
by the company at Rotherham, and wagons have been 
Pp on them. 


Destructive Explosion at a New Colliery.—About eight 
o’clock on Sunday night a terrific explosion took place at 
the Shire Oaks Colliery Company’s new pit at Cloune. The 
sinking has been in hand for several months, and has now 
reached about 120 yards from the surface. The work was 
left in safety on Saturday, but the shaft evidently must 
have filled during —~-. as it exploded with terrible force 
about the time stated. The whole of the head gear was 
entirely carried away, and the engine-house was partiall 
destroyed. Two were slightly lifted from their bed, 
and most of the windows in the neighbourhood broken, the 
noise being heard four miles away. The man in charge of 
the engine was injured, but not seriously. 

The Sheffield Wagon Company (Limited).—The report 
of the Sheffield Wagon Company (Limited) shows that 485 
wagons have been purchased during the half-year, making a 
total of 5307 ns, out of which 558 have been redeemed. 
9 profit is 1., yielding 10 per cent. dividend, free of 
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VERTICAL BLOWING ENGINE AT THE PHILADELPHIA EXHIBITION. 


CONSTRUCTED BY THE I. P. MORRIS COMPANY, ENGINEERS, PHILADELPHIA, U.S.A. 


(For Description, see Page 128.) 
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THE MUSCONETCONG TUNNEL.* 
By Heyry S. Derrxzr, E. M. 

Tu Musconetcong tunnel is situated in New Jersey, near 
the line of the Central Railroad of New Jersey, about 12 miles 
from Easton, on the Easton and Ambo i , the latter 
being the extension of the Lehigh Valley Railroad to tide 
water. Up to the time that the following paper was prepared, 
the terminus of the Lehigh Valley Railroad been at 
Phillipsburg, N.J., opposite Easton, passengers connecting 
there with New York, by the Morris and Essex, Delaware, 
Lackawanna and Western, and New Jersey Central lines, 
freight and coal being forwarded by the Morris and Essex 
to tide water at Hoboken, and by the Central Railroad to 
Elizabeth Port and Port Johnson; also by the Belvidere 
and Delaware connexions through Trenton to South — 

By the Easton and Amboy route the Lehigh Valley 
Railroad will possess a direct through road for its heavy 
coal and freight traffic to tide at Perth Amboy, passengers 
for New York connecting at Metuchin with the Pennsylvania 











Before meeting the i pod wedi! pas an hd 
pean fda te msde pont a oaed with iron 
was somew isinte im) 
pyrites, and the syenite, hor the janes continued soft 
and seamy for over 200 ft. before becoming hard enough to 
support itself; arching was through both the soft 
— and under the loose rock. i 


preserved mainly 
the same dip to the east, —— its total length, except 
for some distance about the middl 
seemed massive (shown in Fig. 1 by crossed lines). Now, 
without hazarding any positive assertion on the subject, 
where so many plausible theories might be advanced, the 
supposititious formation, as shown in Fig. 1, is offered to ac- 
count for the position of the strata. It seems somewhat 
plausible, and if carried out, would make an anticlinal axis 
in the syenite somewhere in the east heading, probably. 
This would account for the parallelism of the dip on = 





been two steam pumps at work; one No.7 Ni 
No. 5 Knowles. The water caught the last 
be removed and hoisted. The Niagara was moved up 

slope during the night, but it could not keep back the water, 
which continued steadily rising; so it was taken out, and 
another similar one sent for, so that the two could be set to 

















Railroad (Camden and Amboy). sides of the mountain, and for the limestone underlying work on the water reaching its level, 
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Preliminary lines having been run, the first 
location was decided on in the autumn of 1871 
and winter of 1872, it being such, with regard to 
alignment and grades, as to insure the greatest 
economy in conducting transportation. Con- 
struction was commenced in the spring of 1872, 
and, from the first the tunnel was especially 
pushed from being the heaviest piece of work on 
the line. The road, on being ready for construc- 
tion, was subdivided into four divisions. Mr. 
Robert H. Sayre, chief engineer of the Lehigh 
Valley Railroad, being also chief engineer of the 
Easton and Amboy extension; Mr. Calvin E. 
Broadhead, principal assistant. The tunnel was 
located in Division I., Mr. John L. Wilson, divi- 
sion engineer, and Mr. Henry 8. Drinker, resi- 
dent engineer. Mr. Charles McFadden, of Phi- 
ladelphia, took the contract for the tunnel, and 
for several miles of construction adjoining each extremity. 

Musconetcong Mountain is one of a range around or 
through which a road from Easton to New York must go. 
Its summit is about 900 ft. above tide water and 470 ft. above 
the grade summit, which occurs in the middle of the tunnel, 
the one adverse grade to transportation occurring in the 
whole length of the road being between Phillipsburg and 
this point. The total length of the tunnel is alittle less than 
a mile, it being, with the exception of the Hoosac, the longest 
east of the Mississippi. 

By consulting Fig. 1, the general formation of the moun- 
tain and the location of the different parts of the work may 
be observed. It will be seen from it that the preliminary 
top headings (shown by broken lines) through 770 ft. 
of soft ground at the west end; 702ft. of this was subse- 

uently arched, the balance being taken out in open cut. 
Next occurred 460 ft. of limestone, and then 3731 ft. of 
syenite, the latter continuing without change out to the 
eastern entrance. At the junction of the limestone and 
syenite, some 263 ft. of arching was required, as the rock was 
found for some distance on either side of the line to be very 
loose and seamy. 

This syenite may, in reality, be called a syenitic gneiss for 
the greater part of its length, as it seems to have a distinct 
stratification, the dip through both it and the limestone being 
invariably to the east, or against the mountain on the west 
side. In Fig. 1 it will be observed that the first rock met at 
the west end was a roll of limestone, occurring with an anti- 
clinal axis in the open cut; this next gave way, for some 
hundred feet, first to bands of decomposing, shaly limestone, 
and, possibly, some strata of Prime’s “damourite,” and then 
to seemingly stratified layers of red and white clay. Syenite 
was then encountered, with an anticlinal axis, evidently in 
situ, but partially decomposed, being most solid in the centre 
of the roll, where it required blasting. Then came another 
formation of clay, next occasional boulders, with much water ; 
and then, with an adverse dip to the mountain limestone 
again—the latter continuing, and meeting the syenite with 
this same adverse dip. 





* A paper read before the American Institute of Mining 
Engineers at New Haven, Conn. 











syenite at the west end. At the east end no limestone was 
found, and no outcrop observed on the west slope, it being, 
probably, denuded, and only preserved in the supposed syn- 
clinal fold, as shown at the bottom of the slope. 

The approach at the west end is through a cut about half 
a mile long, running from grade to about 76 ft. of cutting at 
the entrance, mostly through earth, with some limestone 
rock, and a part through a soft, whitish clay, resembling 
kaolin, which latter gave much trouble, the steam shovels, 
two of which were used, settling in it constantly. 

This deep cutting at the west end, which we will treat of 
first, as it was by far the heaviest work, made it necessary to 
begin the tunnel by sinking either a shaft or slope to grade. 
A slope was decided on, and it was located so that its foot 
reached tunnel grade about 850 ft. from the west end. This 
location was made that the solid rock might be soon reached 
and a heading started at once to the east. Then, while it 
was being driven, the open cut could be brought up, and any 
=: —— encountered between the slope entrance 
arched. 

Gomant soae poten Oe the oe - April, 1872; dimen- 
sions 8ft. by . in the clear; length to grade of to ing, 
276 ft., on an angle of 30 deg. se 190 ft. rhe depo 5 
necessitating timbering; collars of 12-in. oak, 4 ft. a) 
from centre to centre, supported by end and two mi 

rops, lagged at the sides and above with’chestnut 

he remaining distance was through good limestone 
dimensions 8 by 16, the average progress through both rock 
and earth being from 7 ft. to 10 ft. per week, as shown in 
Table I. On reaching grade of tunnel roof, on November 
by’ 26 wide, by head labour; progress, afar geiting fu 

yy 26 ft. wide, an ur; Pp i ly 
started, being in No. 1, or the heading driving east, in De- 
cember 40 ft., in January 57 ft. The work went on favour- 
ably in this heading during the winter. Machine drillin 
was introduced in February, raising the progress at once in 
February to 69 ft., and in March to 95 ft., a rate subsequently 
very much increased after getting the ines in full work- 
ing order, as will be shown. In April, when the face had 
advanced about 275 ft. from the foot of the slope, the rock 
began to show signs of disintegration ; the amount of water 
coming in increased, and the roof became so heavy that it 











The water still rose through the next day, but 
on the 9th it reached its maximum elevation 
within 120ft. of the top of the slope, or 70 ft. 
beyond the junction of the limestone rock and 
earth, so giving cause to fear that should the 
water not be soon removed it might undermine 
the props of the slope timbering, and start the 
earth to working above the co and at the 
sides, it being very treacherous material when 
moistened. On the 10th, the new pump arrived, 
and the two set to work, throwing, it was estimated, 
about 1500 ons a minute, On the 14th, the 
water was lowered. 20 ft., and by the 15th, 
40 ft., by incessant work, gaining back a few 
feet every time, the pumps were moved down, 

: and the latter had to be run at such a rate that 

Wr they were soon badly rack However, the 
umping was being vigorously pushed, when 

suddenly, about 1 a.m. on the 14th, the water being at that 
time nearly 50 ft. down, several sets of timber at water level, 
and others below, gave way, the breakage subsequently con- 
tinuing up to the surface of the ground, some hundred or 
more feet above. 

The breakage, it will be noted (Fig. 1), occurred at, and 
just above, the junction of the rock and earth, and seemed to 

caused by the water having eaten away the backing of the 
side props sufficiently to allow them a chance to sag outward, 
so throwing increased pressure on the roof. This disaster 
would practically necessitate a new driving and complete re- 
timbering, in all probability, of all the slope through earth 
below the level the water first rose to, as it wasall ina 
dangerous condition, and this in the face of a head of water 
so strong that it would probably be a to —— 
back with such pumps as there would be room for while 
carrying on so difficult and delicate a task as retimbering 
ground so heavy as this, after having started “ running.” 

It was thereon decided by the chief engineer to sink a 
shaft, locating the same about 420 ft. west of the bottom of 
the slope, the object being to push headings east and west 
from the shaft to tap and carry off the water from the slope 
workings to the open cut, On the 16th, the shaft was com- 
mi atl p.m. It was so located as to clear 4ft. on the 
left and 12 ft. on the right of the centre line of the tunnel. 
It measured 8 ft. by 16 ft. in the clear, timbered with 12-in. 

uare white pine sets, placed at first touching, and lower, 
pe ows 2 ft. 6in. apart in the clear; some of these latter sets 
were subsequently strengthened with liners. It was also 

ned from top to bottom by 12-in. pine braces, and 
by them divided into a 7-ft. compartment on the left, for 
pumps and tubing, and an 8-ft. one on the right for a hoist- 
way. The shaft reached grade of the top heading, 110 ft. 
down, in five weeks, on June 21, 1873, having been driven 
and timbered at the rate of 25 ft. oa 

We may note that while the g was being pushed 
east from the bottom of the the one coming west was 
also driven on, but not so rapidly, so that when the slope 
workings were the eadlog coming west was ad- 
vanced about 125 ft., its face being still in limestone rock, 
with 290 ft. yet between it and shaft. It was driven 
26 [t. wide by 7 ft. high. To meet this, heading No. 8 was 
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AMERICAN IRON BRIDGES.* 
By Tuomas C. Ciarxn, M.LC.E. 


Soms philosopher has said that results come from internal 
impulses modified by external conditions. Applying this to 
Euro; bridges, we find that the internal impulse is, first, 
to mabe os strong and as safe and as durable a structure as 
possible, and that the question of cost holds a secondary 
The external conditions are, plenty of time and 
rivers of comparatively uniform regimen, so that there is 
but little danger of scaffoldings being washed out by floods 
during erection. ; 

Hence we find, consecutively—stone arches, cast-iron 
arches, plate girders ; and, y, lattice girders of plates 
and angles rivetted ther, copying the proportions al- 
ready established for plate girders. : ; 

In this country, on the other hand, the internal impulse 
is to build the bridge (and in fact Se a | else) in as short 
a time as possible, and for the least possible sum. Hence 
our railway bridges were originally made of the most abun- 
dant and cheapest material—wood ; and so designed as to 
be put together with the utmost rapidity, inasmuch as our 
rivers are subject to sudden and heavy freshets, and it never 
is safe to trust the bridge long supported by staging which 
may be washed out in a night. Hence when we to 
build our iron bri , we copied the proportions ly 
established as most economical in woolen trusses, and in- 
stead of rivetting the several parts ther on the scaffolds, 
we adopted the use of tenons and sliding joints for the com- 

ive members, and of pins and eye bars for those in 
an. which enables us to erect our bridges, without fit- 
i, very rapidly. 

aving begun in this path, we have seen no reason to 
Gayest from it. We find that t economy of material 
(which simply means little dead weight) is got by concen- 
trating the iron along the lines of strain, by making long 
panels (which means few parts), and by proportioning our 
Seete ct thce ax of never leas entefies more than one- 


I 


of their om Ei ty sp of truss — almost ~ 
versally adopted, w a process of natural selec- 
tion) has almost ee of tet the nae _ 
triangular is the er with verti 
and main tie bare inci at an angle as nearly 
deg. as possible. This has the merit of subjecting the 
iron to strains in one direction only, either tension or com- 
ine ; : - 
strained both ways is as highly s 
and compression were added together, this is a point of no 
small importance. We prefer to hang our cross floor beams 


from the pin, because then the load is transferred directly | scoria, making th 


the diagonal tie bars without any bending moment. 
» web system allows us to give great height to 
our trusses, sufficient to enable us to put in vertical trans- 
ing high enough to clear the smokestacks of the 
which, we think, adds much to the lateral 


Fis 
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practice engineers is to provide, 
in addition to the weight of the structure itself, fora general 
i load of 4000 ib. foot for spans of 50 ft. and be- 
low ft. to 100ft., Ib. ; 100 ft. to 150 ft., 2750 Ib. ; 
150 ft, to 250 ft., 2500 lb. ; 250 ft. to 300 ft., 2250 lb. ; above 
ft., 20001b. In addition to this, the floor and panel 
concentrated weight of — 
weight of the engine of 3500 lb. some- 
times 4000 Ib. per foot lineal. Strains in tension are taken 
at 10,000 lb. _ square inch ; and in compressions, 8000 lb. 
to 10,000 Ib. for chords of 10 to 14 diameters, and 4000 lb. to 
6000 ib. for posts of 20 to 30 diametars. 

So much for the design of our bridges. When we come 
to examine the methods of construction, we shall see that 
the marked feature is the use of 5 machine 
which the sizes and | s of all 
the utmost exactness at the place 
eum of Goce eae and of the columns 

: and lower 
drilled with 
as to give ute 
- the holes so 


either drifting or 
* Read at the American Institute of Mining Engineers, 





th | length, and these were all 





from various European, English, and 

American bridge builders. There were 17 spans of uniform 
designed on the same specifica- 
to a general moving load of - lb, per 
and a load on floor system of 3600 lb. per foot ; 
strains in tensions, eget square inch ; in compres- 
sion, on chords 7500 Ib. to lb. per square inch, or posts 
The different. a be divided, f of 

erent designs may vided, for purposes 
comparison, into four classes :—1.. Riv: lattice gine, 
short panels, 6ft. to8ft.long; low trusses, 16 ft. to 18 ft. 
high ; weights, 2444, 221, 2064 ted lat- 
rs 


tion, viz,, 


els, 9 ft. to 104 thelone truneen iat high 
ord vg ‘ . n »20-f6. ; 
weights, ial. 140, 137, 144}tons. 3. Pin connected trusses, 
els, 9ft. to 11 ft.; trusses, 20ft. to 22ft.; weights, 
284, 1264, 122 tons. 4. Pin connected trusses, panels 12 ft. 
to 14 ft. long; trusses, 25ft. to 28ft. high; weights, 111, 
1094, 102 tons. It will be observed that the saving of dead 
weight is due more to the design than to the difference be- 
tween rivetted and pin connexions. We may say roughly 
that the difference due to this cause alone is nothing for 
spans of under 100ft.; from 100 ft. to 200ft., 5 to 20 per 
cent. Above 200 ft. the increase is rapid in favour of pin 
connexions. When we come to examine the question of 
rapidity of erection, the pin connexions have a great advan- 
tage. They can not only be built much quicker, but they 
require no skilled labour; any ordinarily intelligent la- 
bourers can erect them, under a good foreman. Those of 
my hearers who have had the opening of their lines de- 
layed by a strike of the rivetters can appreciate this 
point. 
Spans up to 150 ft. can be erected by a gang of 20 men in 
a single day, if necessary; a 200 ft. span, 2 to 3 days; a 
250 ft., 3 to 4 days, &. 
As we put a less quantity of iron in our bridges, we are 
able to use a better quality. In fact it is difficult to make 
the eye bars, forged by bgdeealie eras, except ont of a 


good quality -of- iron. the iron for the tensile 
neeeee of the bridge made at Phoonixville is made as 
OLIOWS : 


They take a high quality of forge pig iron, and work 
it in a furnace rei process technical: known as “‘ boil- 
ing,’’ the boiling furnace being ‘‘fettled’’ with ore. This 
ig iron, when “‘ brought to nature,” is balled up in the 
urnace in tbe usual way, squeezed in a Burden squeezer, 
and then rolled into a flat bar, technically known as ‘f muck 
bar,” or No. 1 bar. 

From each heat so made one bar is taken and bent to an 
angle of 45 deg. cold; if if stands without any signs of 
fracture the heat is as good, if not, it is rejected. 
The iron that has passed this test is piled, charged in a 
heating furnace, heated and rolled into flat bars. This is 
called No. 2 bar, and is sold as ‘‘ Phoenix best.”” The iron 
so rolled is — cut, piled, and rolled into the finished bar, 
and is called No. 3 bar, and is the iron sold by the Phosnix 
Iren Company as “‘ Phoenix best best.’’ A bar of this iron, 
2} in. in diameter, has been bent cold so that the sides came 
in close contact without showing the least signs of fracture. 
It should be borne in mind that the object of reworkii 
iron is to refine it by getting rid of the surplus cinder an 
ia, ¢ iron firm in texture and of a more uni- 
form quality. This uniformity of quality results from the 
fact that the pile from which a bar of No. 2 is made con- 
sists of fourteen No. 1 bars, and the pile of No. 3 of eight 
No. 2, so that if by chance an inferior muck bar had been 
used, it would form but ryisth part of the No. 3, or “‘ best 
best” bar. Alliron eeeres up to the third working, but 
if the ony the pig is not suitable no amount of working 
will make net iron ; hence the necessity for 
tests as to toughness and stretching. 

The specification is as follows : 

A round bar, 1} in. in diameter, by 12in. long; ultimate 
strength, 55,0001b. to 60,0001b. per square inch ; no per- 
manent set under 25,000 lb. to 30,000 Ib. ; reduction of area 
at b point, 25 per cent. ; elongation, 15 per cent ; 
cold bend from 90 to 180 deg. ; but it always does much 
better than this, as in the instance of the 2 bar quoted 
above. The rule adopted for pins and eyes, is to make the 
pin diameter about four-fifths of the depth of flat bar, or 
one and one-third the diameter of round or square bar. 
The eye has from 50 to 66 per cent. of excess of area of 
metal over body of bar, and tne thickness of flat bars is 
never made less than one-quarter of the depth. Some fear 
has been expressed by those more familiar with rivetted 
than with pin construction, lest the pins might become worn 
away by use. There is not the slightest danger, provided 
the of ing surfaces does not exceed, say, 


pressure aie 
turned, | 10,000 Ib. per square inch, with the accurate workmanship 


of our pins turned from cold rolled shafting, and eye bars 
drilled to one-hundredth of an inch. Wear is simply im- 
—_— But even with very rough workmanship, where 
he ova limit of pressure is not exceeded, the wear is but 


more point, and I have done. In Europe I believe 

that the — is to receive tenders by the pound upon 
detailed ~~ 

In the United States the engineer makes a 


general speci- 
fication, gi the lengths of spans, width, angle of skew 
if any, the the bridge must be desi to carry, and 
the limit of allowed strains, leaving all details of construc- 
tion and t of depth, length of panels, &c., to be 
determined by thos . Different engineers, either 
connected with bridge establishments, or 


ee 
dentiy, bu all following’ that branch ws speciality, mate 
plans in accordance with the specifications, and tender so 
mach per foot or per span keeping the weights to them- 


an econo: use of material, and 
and workmanship. This has been due 
tion in design. : 
But, as prices fall, the tendency is to economise material 
too much, particularly in short spans, which ought ro- 
latively to be stronger than long spans, which are strained 
chiefly by dead The next step. will be to use an in- 
ferior quality of iron,.unless this is prevented by om 
spection, or, as in the buying of locomotives, purchasers 
trust in a great measure to the reputation of the large 
establishments, which is too valuable to be sacrificed for a 
few tons of iron. Where this guarantee is not attended to, 
as.in'the ease of county road bridges, which are almost 
always let to the lowest bidder, entirely irrespective of skill 
or reputation, the most disastrous results follow. If a 
county road bridge will stand up until it is paid for, it is 
considered a good bridge. It is said, that the elephants 
who travel with menageries, when they encounter an iron 
bridge, cannot be prevailed upon to even try to cross 
it. A wooden bridge they will condescend to examine, and 
if it seems firm, they will sometimes go over it. But when 
they see an iron bridge, they take for the river, and 
argument is in vain. 


'y to compoti- 





A CENTURY OF MINING AND METAL- 
LURGY IN THE UNITED STATES. 


Centennial Address of Hon. Abram S. Hewitt, Presi- 
dent Elect of the American Institute of Mixing 
Engineers, Philadelphia, June 20, 1876. 

(Continued from page 91). 

Bout through all the vicissitudes of silver mining in other 
districts,.the Comstock mines have maintained their place, 
an instance of rapid exploitation and of aggregated wealth 
of production aa in history. Here, too, there 
have been intervals of failing hope; but a new bonanza has 
always made its appearance before the resources at hand 
were entirely exhausted ; and we have seen extracted from 
the ores of this one vein, during the past fifteen years, tho 
round sum of 200,000,000 dols. in gold and silver. Dr. 
Raymond, in the Table he has prepared, assumes the pro- 
duct of gold to have been (on the authority of Mr. Hague) 
about 40 per cent. of the entire value. We have, there- 
fore, from the Comstock mines during the period named, 
80,000,000 dols. gold, and 120,000,000 dols. silver. 

The swift development of these mines, and the active 
commencement, about the same time, of deep quartz mining 
operations in California led to a remarkable progress in 
mining machinery, and to the perfection of two distinc- 
tively American processes. I refer to the California stamp 
mill and amalgamation process for gold, and the Washoe 
Lae pe oad bydeculie either o = is 80 bg jp 
principle as the c process of gold mining alrea 
mentioned ; but both of them have received the pede = 4 
impress of an ingenuity and mechanical skill, partly innate 
in our national character, and partly the product of the 
stern pressure of economic necessities. Intu the fruitful 
field of further metallurgical improvements born of our 
Western mining industry—or adopted by it—such as the 
Blake rock breaker, the Stetefeldt roasting furnace, the 
Brakner cylinder, the Plattner chlorination, and man 
others less widely known, I cannot enter here. Our people 
have advanced in this line with headlong oueray. and ac- 
complished great results—at great expense. uch, un- 
doubtedly, remains to be done ; and it may be hoped that 
future progress will be equally rapid, but less costly. The 
introduction, three or four years ago, of the smelting pro- 
cesses of Europe for the treatment of the silver ores of the 
West is a striking and encouraging instance of the quick- 
ness of our mining communities to seize upon the advan- 
tages of —- elsewhere, as soon as they are brought 
to notice. e ignorance which has led to many disasters 
in such enterprises, was not voluntary or obstinate. Give 
our people light, and they do not keep their eyes shut. I 
am assured that already the smelting works of the West 
present many features of interest and — even 
to the eyes of our skilful colleagues from abroad. 

12. I may be permitted, in closing this imperfect review, 
to refer to the great improvements in mining pom f in 
rock drilling, in explosives, in the use of us fuel, in 
the construction and management of blast furnaces, 

uddling furnaces, os ills, and other branches of the 
ron manufacture, which have crowded upon us during the 
last ten years. It is impossible here to give even an enu- 
meration of them which shall do them justice. They have 
been worthily commemorated in many pa before the 
Institute. With regard to one of them—the Martin pro- 
cess for the manufacture of open hearth steel—I may speak 
with some personal satisfaction, since I had the privilege of 
introducing it into this country, after studying its merits 
in 1867 abroad. I am convinced that it hasa great future, 
as the ally, if not the rival, of the Bessemer process. 

Returning now to the contemplation of the general field 
over which we have passed, we may inquire what the 
Government of the United States has done, with regard to 
the ey. Other nations have elaborate mini 
modes bureaux of administration. In comparison wit 
these, the m mess of our governmental supervision of 
mining is romaskahle : yet, in view of the progress I have 
sketched, may it not be possible that our system has been 
on the whole the best for us? i a complicated 
mining code like that of Spain and Mexico, whatever it may 
have brought to the coffers of the State, seems to have con- 
ferred, in centuries of operation, little benefit upon the 








people. The common law of is the foundation of 
our jurisprudence in this, as in so many other respects. 
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Ageeuting, to thet law, as’ laid down in a noted case in the 
reign of Elizabeth, all gold or silver ores belonged to the 
Crown, whether in private or public lands; but 


con’ 
of the soil. “Apart from the claims of the Crown, the pro- 
in minerals is, according to the common law, primdé 
facie in the owner of the fee of the land, but the property 
in minerals, or the right to search for them, may be vested 
in other persons by alienation, prescription, or custom. 
Since the two latter rights require an origin beyond the 
time of legal monegn they are practically out of the question 
in this country. Crown right to the precious metals, 
as declared in the case referred to, was a survival or re- 
mainder of the royalty claimed in ancient times by the 
sovereign over all minerals. This sweeping claim, born of 
the despotisms of the Orient and made the subject of much 
conflict among emperors, feudal lords, and munici 
authorities during the Middle Ages, dwindled at last till it 
covered only gold and silver. But it disappeared entirely 
from English America, for the simple reason that there 
was no private land ownership in this country, and the 
sovereign of England claimed, by right of discovery, soil 
and metals alike, barring only the Tadian title, which‘it 
was his exclusive privilege (or that of his authorised re- 
presentatives or grantees) to extinguish. After the reyo- 
lution, the United States succeeded to the rights of the 
British Crown, and by the treaty of peace and the subse- 
quent cessions by the different States of their. colonial 
claims upon the public lands, the federal Government be- 
came possessed of a vast domain over which, after ex- 
tinguishing the Indian. title, it, had complete control. In 
the territories subsequently acquired from France and 
Spain, the United States assumed the rights and obliga- 
tions of those sovereigns ; and this circumstance, particu- 
larly in the adjustment of Spanish mineral and agricultural 
grants, has caused some apparent variations from the 
general policy. But itis sufficiently accurate to say that 
at the present time, throughout the country, the owner of 
the fee, or the party who has obtained from him by lease 
or purchase the mineral right, has supreme control. The 
mining legislation of the United States, therefore, is simply 
a part of the administration of the public lands; and for 
this reason it is executed by the Commissioner of the 
General Land Office. 

In 1807 an act was passed, relating primarily to the 
lead-bearing lands of Illinois. They were ordered to. be 
reserved from sale, and leased to miners by the War De- 
partment. The leases covered tracts at first three miles 
square (afterwards reduced to one mile), and bound the 
lessee to work the mines with due diligence and return 
to the United States 6 per cent. of all the ores raised. ‘‘ No 
leases were issued uuder this law,’”’ says Professor Whitney, 
* until 1822, and but a small quantity of lead was raised, 
previous to 1826, from which time the production began to 
Increase rapidly. For afew years the rents were paid with 
tolerable regularity ; but, after 1834, in consequence of the 
immense number of illegal entries of mineral land at the 
Wisconsin Land Office, the smelters and miners refused to 
make any further payments, and the Government was 
entirely unable to collect them. After much trouble and 
expense, it was, in 1847, finally concluded that the only way 
was to sell the mineral land, and do away with all reserves 
of lead or any other metal, since they had only been a source 
of embarrassment to the department.” 

Meanwhile, by a forced construction (afterwards declared 
invalid) of the same Act, hundreds of leases were —— to 
speculators in the Lake Superior copper region, which was, 
from 1843 to 1846, the scene of wild and baseless excitement. 
The bubble burst during the latter year; the issue of 
permits and leases was suspended as illegal, and the act of 
1847, authorising the sale of the mineral lands, and a 
geological survey of the district, laid the foundation of a 
more substantial prosperity. 

This policy of selling the mineral lands has been that of 
the Government ever since. But it has necessarily been 
modified in the West by the peculiar circumstances under 
which that region has been settled. Before lands can be 
sold they must be surveyed ; and before they can be sold as 
mineral lands, their mineral bearing character must be 
ascertained. Our miners and gxplorers overran and 
occupied the Pacific Slope in advance of the public surveys. 
They built cities that were not shown:on any map ; they 
cut timber, turned water-courses, dug canals, tunnelled 
mountains, bought and sold their rights to these improve- 
ments under laws established by themselves, and enforced 
by public sentiment only. For nearly twenty years the 
Government looked on, without asserting its dominant 
ownership of the public lands; and when by the Acts of 
1866, 1870, and 1872, and oth:r minor enactments, a general 
system was created, it was necessary to recognise as far as 
possible the rights which had grown up by general con- 
sent, and to seek only to give to them certainty, practical 
uniformity, and reasonable limitations. It is not my 

urpose to discuss in.detail the mining laws of the United 

tates, or to trace the curiously complicated origins of the 
local customs on which they are largely based. Suflice itto say. 
that the system recognises the English common law principle, 
that the mineral right passes with the fee to the lands ; so 
that, in the words of the Commissioner (July 10, 1873) ‘‘ All 
mineral deposits discovered upon land, after United States 

atent’ therefor has issued toa party claiming under the 

ws regulating the disposal of agricultural lands, pass 
with the patent, and the Land Office has no further juris- 
diction in the premises.’’ 

But the — is also recognised that the mineral right 
may beseparated from the fee by the owner, whether he be 
an individual or the United States; and this principle is 
curiously applied in the form of patents for mining claims 
upon lodes, which, following the form of the possessory 
title, grant to the patentee the right to follow all veins, the 
top or apex of which lies within the exterior boundaries of 
his claim, downward to any depth, though they pass under 
the surface of the land adjoining. 

As the size and the price per acre of the traets sold under 


any ores | 
neither gold nor silver belonged to the proprietor 





the agricultural laws are different from those to which the 


) yendas € homestead law acertain | 
Saadeh ok egtcibarel lanky be obtained without any, 


payment, itis. 

can acquired under the agricultural laws, and this re- 
servation is enforced both in , the; iminary i 
and in the patents finally issued x those laws. ~ 

With regard to the mineral lands, however, itis 
that the patent for a claim carries with it both the fee 
land and also a mineral right, though not the same mineral 
right as is contemplated by the common law ; since it is en- 
larged on the one hand by the permission to follow mineral 
deposits beneath the surface of adjoining land, and limited 
on the other hand by the operation of the same permission 
in favour of the adjoining owner. The latter limitation 
is incorporated in agricultural patents also, and may 
become operative whenever they adjoin mining patents. 

Previous to the application for a patent, the es permits 
free exploration mining upon the public lands to all 
citizens and those who have declared their intention to be- 
come such. The rights of this class of miners, under what is 
known as the possessory title, are regulated by local laws 
ard customs, subject only to a few simple conditions, which 
the United States.enforces upon all, and which chiefly con- 
cern the maximum size of individual claims, the defini 
character of their boundaries and landmarks, and a ce’ 
quantity of labour which must be: bestowed upon them 
annually, in order to maintain possession. ‘I will not pause 
to state the different features which these conditions present 
for lode.and placer claims. It is sufficient to say that the 
miner, conforming to'them, and thus maintaining his pos- 
sessory title; may, after a certain expenditure, and upon 
due application, survey, and advertisement, im the absence of 
any valid opposing claim, perfect his purchase from the 
Government, receive his patent, and be thereafter free from 
the necessity of at. any given annual amount of 
labour to hold his ‘claim: There are features in the present 
law concerning the rights of prospecting tunnels which seem 
both obscure and unwise ; and some serious questions re- 
main to be settled as to the precise meaning of the law in 
these and other respects ; but these we must pass ee 

Looking at the legislation on this subject as a whole, we 
see that it is confined to one department—that of title. 
The whole system is devised to tucilitate.the purchase of 
the mines by citizens. They are f Tiger mee to work 
them rimentally, but it is made their interest to buy 
them. No inspection, no police regulation, no technical 
control, is exercised by the Government. . — 

Turning to the State and territorial legislatures, we find 
that they have, in some cases, provided for inspecting mines, 
in the interest of the safety of workmen. - Perhaps the best 
law of this kind is that of Pennsylvania, in which State the 
peculiar perils of coal-mining have forced the legislature to 
take es of protection. But we find nowhere such a 
technical control of mining as is exhibited in many Euro- 
pean States, where the Government requires of the miner 
that he shall not waste wantonly or ignorantly the resources 
which, once exhausted, will never grow again. Our people 
waste as much as they like, and no one interferes. Admit- 
ting that this is an evil, it still remains a matter of doubt 
how far, under the circumstances of our particular case, the 
supervision of authority could remedy it. For my own 
part, though inclined to restrict as far as possible the 
functions of government, I am not disposed to say that for 
so great an end as the conservation of the mi wealth of 
the country, it may not properly enforce some measures of 
economy, with as good right as it may forbid the reckless 
waste of timber or the slaughter of game out of season. But, 
in our nation, at least, governmental interference is the last 
resort, and a poor substitute for other causes, which, in 
the atmosphere of freedom and intelligence, ought to be 
effective. ‘We are, perhaps, in our material career as a 
nation, like the young man who has “‘ sown his wild oats,” 
and now, by mature reflection and the lessons of experience, 
is con | to be better restrained than by the hand of parental 
authority. 

Permit me, in drawing my remarks to a close, to suggest 
two agencies which seem to me to be co-operating already, 
and to open still wider future a. for the steady social 
os mens improvement of our mining and siakeliatest 
industry. 

The first of these is the spread of knowledge on these 
subjects throughout the country. Under this head we must 
recognise the great importance of that series of explora- 
tions of our great Western domain, which was recom- 
mended by Me. Lincoln, with sublime faith|in the salvation 
of his country, in the midst of the civil war, and which has 
been, by the liberality of the Government, prosecuted under 
various departments ever since. I need hardly make special 
mention, in addition, of the reports of the Commissioner of 
Mining Statistics, which have appeared annually since 1866, 
and have reflected upon our own community the light of the 
gathered technical knowledge of the world, while they have 
in turn exhibited to the world the resources and the progress 
of America. Such works as these, together with the 
technical periodicals and the occasional yolumes, ted 
or original, which have come from the ican press, 
have contributed already a + deal to the education of 
our mining communities. ‘The Government has not done 
too much in this direction; but it seems to me that it 
should continue this most necessary and proper work in a 
more systematic and uniform way. There ought to be no 
conflict of authorities, no duplication of work, no unneces- 
sary expenditure of labour and money in the face of a task 
so great. 

ext in order, I may rank the influence of the technical 
schools. The number of these has rapidly increased during 
the past ten years; andI venture to say that many of them 
compare favourably, in theoretical instruction at least, and 
several of them in the a tus of instruction, with the 
famous schools of the, old world. The Massachusetts In- 
stitute of Technology, at Boston ; the School of Mines of 
Columbia College, at New York; the Sheffield Scientific 
Sehool of Yale College, at New Haven; the Stevens Insti- 





certain 
of the } i 


te | activity of this Institute has im 





n3F 
tute of , ab Hoboken ; Pardee Scientific De- 
College, at Easton; the excellent 
under the direction of Professor 
Cook ; the new scientific it of the College of New 
Jersey ; the School of Mining and of Le! 
ic Gangs Harvard Universit Oa sae thi 
r » at Cam ; the 
Scientific ; of Uni ; of .P. ia, 
in this city ; the School.of Mines of igan -1 ty, 
at Ann Arbor ; the Missouri School of Mines - 


lurgy, at Rolla; the Polytechnic De ¢ of Washi 

ton University at St. Louis; and the similar “depart 
ment of the University of California, at Oakland ; _ 
mare some. others which I have omitted to name—this is a 
list of schools for instruction in the sciences involved in 
mining and metallurgical practice, of which we need not be 
ashamed. What our schools undoubtedly » is a more 
intimate relation with tice. But this theme I need not 
touch. It has been ably and amply discussed at the recent 
oint meeting of the two bodies most fully aware of all its 


One more cy of the spread of technical knowl 
roe aol og tg hee pay 
@ Ins of Mining Engineers, The five years’ 
i sed upon the professions 
which it gaan a — ° “aa an ecqiereng of 
progress, @ mu’ recognitioa of the claims of theory an 
practice, which cannot be too highly estimated. Perfect 
our schools as much‘as we may, the association of ‘the 
rome engineer with experienced engineers, the contact of 
$8 mind with mature minds, their ae of his merit, 
their correction of his errors, constitute the necessary 
supplement-to the school training. The average man, at 
least, should not be left to wrestle with his fessional 


career alone. He will make better nes take more 
pleasure in it, if he calls to his aid the element of social 
in 


sympathy, and the intellectual, reinforcement 
the proverb, “‘many heads are better.than one.”’ 
One further consideration, and I have done. . The effect 
of growing intelligence and knowledge in improving our 
méthods of industry would come short of some ap ends 
if it operated only through the self-i t of the indivi- 
dual. tone thtorne are beyond the power of the individual ; 
some are not Hy to - Fe ganete ber df a a 
@ possessor e on a gold-bearing 0 
— iesow that with a greater investment of capital he 
could manage to reduce his losses of gold in extraction ; 
but the capital may be wanting ; or, he _ know that by 
robbing the mine of its richest ore only; allowing it to 
cave, he is probably destroying more’ valuable resources 
than he utilises ; but the mine is only temporarily his, and 
he prefers quick gains to permanent ones. So long as the 
anthracite lands of Pennsylvania were leased to coun’ 
small operators, who pe royalty only on the coal which 
they sent to market, it was useless to explain to them that 
they wasted a third of the coal in the ground, and another 
third in the breaker, or that they ru thousands of acres 
of coal beds, overlying those which they récklessly worked. 
If there were no natural remedy for this wicked waste of 
the reserved force ; which the future prosperity and 
comfort of mankind depend, it would be the highest duty 
of Government promptly to take into its own ds the 
direction and ment of the mines of coal which 
society holds in trust for the future ; but already it is eas, 
to detect the operation of a new social law develo 
within the memory of man, but the fruit of the p: 
tion of the ages during which society ‘has “been slowly 
built up, and matured into its present form and condi- 


To the philosophic observer, the controlling law which 
runs through the whole history of man, down to the present 
century, is the law of dispersion, diffusion, distribution, 
the centrifugal social force, so to speak, which by its irre- 
sistible power has tended not Peg scatter mankind 


over the face of the habitable globe, but through what are 
termed  civilising and Christianising agencies to place 
communities individuals upon coumon plane of 


equal rights in the domain of nature and before the law. 
From the time of the confusion of fpngnee at the Tower 
of Babel, through the long history of the early Oriental 
empires, which reduced society to the rule of order and 
then broke up into fragmen’ litical o: isations, re- 
taining, nevertheless, the principles of cohesion acquired by 
bitter experience ; through the Greek and Roman imperial 
political structures upon which were e' the civilisa- 
tion and the religion which their downfall made the com 
mon heritage of the northern 
destruction, but were themselves transformed into the 
apostles of a more liberal and enlightened social organisa- 
tion, this law of dispersion has never ceased to exercise its 
power and its supremacy. The very inventions of man are 
only so many proofs of the unceasing operation of this law. 
In warfare, gunpowder and firearms merely enlarged the 
area Over which it was possible to carry on military Ae ype 
tions; the magnetic compass ony widened the of 
commerce ; the printing press and the telegraph are merely 
agencies for the diffusion of thought; the steam angie is 
but a means whereby it becomes possible to establis local 
industries in every part of the halite globe; and the 
are essentially distributers of the 
th of the human race. 
(To be continued.) 


products and the 





VicTORIAN RAILWAYs.— When a new Victorian loan now 


in contemplation has been negotiated, the Victorian Govern- 
ment will have at its disposal 1,400,000/. or thereabouts 
for the construction of new railways. have been 


yee = the consideration of the Vi Railway 
rtment, which, if carried out, would involve an outla: 








barbarians who camé for . 
















ENGINEERING. [Auc. 11, 1876, 








PRICH LIST OF MATHRIALS. 





Tuurspar, Avaust 10, 1876. 











































































































METALS Tirn—Continued. 2 @ wo @ 
5 £a4a £38, 4. £a0 £ 8.4 
ro. a = Bnglish bars.......cersesseres 8 © Swedish deals mixed ... 1 
AmTU1onY Ons (per ton)— 4s " e Ragliah refined. envnom te a a Swodiah deals rd... — F = e- = BEAR pS 
(BEAT) .rerereve cones oO o es MStrAlIAD.........000eveeeee 72 10 3° panel D seeseseeees ees 
sy ho toy oda 04 Tix PLatas (per box)~- and 4th ” sist mace 9°00 des Bullet tree .................. 3 : ra :% & 
a I ih aie ° °, ° tot Se O.CMArCOal .ro..scccseeres 33 : 4 ° Cen 30s. Se 
CasTines, Ts AND CLEVELAND, LO, coke covccecseccccscccncee 19 © 34 © Finland deals 1st . suse IZ 10 © 19 0 © (Porch firing measure) 
(per _ 6s 8 & 12 saaeen catetesesserse 08 89 CO O ” battens ....... 9 0 © 1 10 © timber, Rigared..... 0 1 2 © © 4 
QUTAOTS ...000.ccerererrecsee-00 6 © 6 10 Zinc (per ton)— oS - «& ” H. 8.deals .. 710 © 810 0 = ‘and 
— - esvereeseerseee § 10 { 10 Sheets, English wc. 237 10 38 10 » #8. S.battens... 7 0 o 8 0 © Memel crown ...,...... 01 6 0 1 8 
res en cossosersee §§ 10 10 Wink, Peer weer aR Be Aumnioan Daats— —_ on Otherkinds o 1 32 of § 
Corrse — LT . Ir 10 1g to Quebec t bright 0 nee 21 eo 3 ° 2 2S 2 eS 
Chill DOFS ....ccecocceserssenee JX 10 92 © » Telegraph (galvan'sd) 17 § 31 10 » 2nd om cos 52 e P 1s e Seed cccsecccccsecssccccccnce © BS OB G 
a eeceveee ; = Hi ° Fibated vine 46, on i. . ss a erway. . ae . . ; 
x an ess for enecer enbesnseeonscess 
[BE Ot sr ereenre $ 0 7 0° COALS AND Cons =e 2nd, and 3rd, respective y. , wannsoor” (aga calliper 
Bheots, ccccsscencceccsccs S$ © $ 0 . spruce, Ist..,.. 10 © © 12 0 0 
B °o © °@ 2 : 4 : ” » om 810 © 10 © Bigh Eo. CLOWD. cover. ” ° ; 4 ° } 9 
Inu Oaxs (per ton}— = dw. g ¢ 10 © | New'Brunsiicksprucs,., 8° 0 oo | Oak timber, | Dentsio 
hematite, > | > . es oe. ee oer oo 10 6 string measure) ..... 0 2 6 © 2 9 
i i U.S. pitch pine .........000.12 0 © 14 0 © Bit prope pr eet jar Pe goo 4 
: oo 0 2 6 «mu 6 a ~ 3~ ee (perload) DEALS, & - rp =” 
0° 3° ° 10 ° 
canta) 
° o ° KE— J ee eocegeonceesee 
° g ° Cleveland .....sceccrrerrse 10 O I 6 Do. for yards and spars 410 ° ; ° ° ‘eS ee 
6 ‘6 3 Durham.......ccc0cen 220 2% © Dae wenn ree sues § © 0 §10 0 2 > : ; 2 
See ayy Ne wwe § OO 5 OO 
e Ditto small .....0.csrsersseee ene © em CO 
© 48 $ | OILS, GREASE, & LUBRICATORS. | Pitch pine. i ae Pre oo oo 0 
o fo OTS (PAF FON) nnn a & ®& Oak, 8 ° °° — eo mee 
L No.3 DIOWN .....ceccecce vet ee 29 10 Elm, 410 © °° ” Uae” ooee + ~ eoomueoe$?d 
Ash ....... ee oe ” leaborg ...... 10 © © Ir © © 
& oe: .& 10 PALO sssrversererreeeseees $2 10 $3 © Birch, 4 5 a Gothen! 0606 0 
‘we FM BORE sccrccresssuseee 84 0 8 © 410 0 s10 0 “2 : 
$ 6 BAe, Palececccsecne 34 0 «95 0 | Masts . 4100 § 00 Sm ot diode” eke 
6 $70 ” WT ccsceecercns $8 © 84 © ” H 10 0 810 0 — 
en. a ” aaron sserseteemerese 28 8 99 0 Indian a a a nit ogg ed 
Givs.. pescesesonageneten o 8 o teak .. -11 0 © 13 0 © 
4 Hy ; PETROLEUM— “ a & ©& —_ cams green- ° 7 o 1 6 
: ao. ccocssesecessesene 8 OO 9 0 @ : ae 
. “ $ e bi sof Australian coe 6 ° 710 © = " > } 
7 6 §6 © BALTIC TIMBER (per load) 
cua" we © . 8 ¢ BP ...000 «+» $100 450 $36 040 
ae ‘ ~ = Dantzicand Memelcrown 4 0 © § 10 © $3 o° © 3 6 
Rgiinten, “aitts'" gy 8 6 we » Astmiddling..... 3 § © 410 © gee re 
ws 2 2: &_° eZ " ™ and 2nd, Sie oer Se 
Carron, at Grangemouth 62 6 - Kia a » @mmen mid oF? a9 
Ditto, specially selected 68 0 - e 8 °° Gling.......-. 213 © 3 0 
Kinnell at Bo'ne 4 é Bom B08e's wesnrennne 38 © 00 0 nm Undersized ...... 212 © 215 © — timber 3 ye empe 
= b Naa © g10 © 
(Sus above at Ges » ams qev ont aie mu @ O 6 8 o a1 0 | Rigsand'Dantsioind ...., 3 © © 310 0 
. a. a 4 TALLOW (per cwt.) ° 310 0 Swedish Ast, $3 “s 410 © 
O00 cepesereenenee® oO or ee 0 
| me reed "pee e: . re ; — — - : 5 r 4 on 4 ” a = suse 210 0 0 0 0 
South soseee ° ° Australian best ecseoene ma @ £6 @ @ a y ee See eee 
Yorkshire Thornal yj 60 © © ° a eo ee ee SAN 0 3g 0 —e pe 
setae Hee, 3 and $ 199 . 2 8 on otersbure, De uue 46 6 46 © Piocerse Besnss (per sq. _ Shouse 6 8m 6 0 
ove nema 2 4. @ 6 ° Sitiicsishevenesinice 
yh rp 4 8. 4 8. Bough, vt Pe sommes 16 6 146 Q em stresveeteervense 0 14 6 1g 6 St. John’s birch ....... eoseceee ° : : ° 3 g 
eeesecoecce 10 13 Tenrenems—Sphtt— . - = : = ° whee ee 
ps Mima © £6 9 French . ade te Second qualities .......... 7m ©3130 tArch. and Onegared,,, 16 10 © 17 10 © 
+ : : s0 rise (casks) ws 33 0 «33 «6 The above prices “at “the Docks.” » Petersburg re oe «1610 © 1710 © 
ARS) holm (per > a1 > ar 6 Ww »1010 © Ir 3 6 
‘ > 9 if J 6 6 7 © LIVERPOOL. -13 09 © If 10 © 
° 3 = ay ee oo. Se WHOLBSALE Prices OF TIMBER, DRALS, &0. Mm: + a) =* 
15 9° CHEMICALS, &e From BRiTisH NORTH AMBRICA. « If 10 0 a ° 
4 4 ° AOCrps— .. a. a. a. a aes (per a £ 4. Quebec spruce... . 8 ee © 
. t string measure 8. £8, 4. oe. ee a. 
1s 10 Aquafortis (per Ib.) . “a — - Baltic 1st red ficoring 
15 3 10 Sapnerio asta ¢ rib)... ° ot ° : = 8 > s 4 > é Ditto white ......ccccce.cesees = 4 > a's - 3" - 
(35 | emesis es S23 325 | SemeeeRereeaie tel 6. 
1s 9 10 ORD ..ccanccccsccsccccccerenceen SS © 3s 20 eo1r3 °0 
ARSENIO— s da os Oe : WEST TLEPOO 
$ © 10 Waite, temp (per ont) «= 97 6 «38 © ie, ee ® " (Per cubic foot ) ” 
ar 1 ‘ow re in 10 t ANTZIC good middling 
- ee punasumapeoden parent . ae 2 ose. eos 11 in. & up, average in 
Sheet ... eenccccccccccecess 88 3O co 68 Borax—refined (percwt.) 42 © 43 «6 } 2 2) @ 2g 12 ft. to 194 ft... o1rg eco 
eucerecs Baonza— Bamsrous (por —— a: ae i Ue & Ditto, “dittoe 20 ft.andup. o 1 6 
LOD) .crccersseees oe 112 0 «6140 OO Rough . connceste 8 © 6 10 os 3 985 Sen es SAant we. ° - ites 
queckersven (on bettie) 9 © © © Flour o..ccs.0s-s 16 4% es: 6 o18 (Per load.) " i Wes 
omar Ang Roll eesee 1 «60 1 «63 ee a ee Rectangular red fir 
; or re-manu- Corranas — = green (per a 6 sleepers, 9 ft.,10 x5... 3 6 3 0 0 0 
iu... {2 & @ corres — — Sulphate (per 914 neue - >= ~vang 
See ee—— ids. BRD carn cgnrccnrsamnzncenc’ a2 3 «32 6 2. a2, 2 Ditto half crown..... io » ey BY 
jan, COMMON sivssve 32 10 33 15 LuaD, Sat, ec.,  Gerewt)— 729 2 oe Gefle 2nd red deals .........13 0 © 9 0.0 
SPINGRLEISEN (per ton)— Acetate, bes 38 © © © ee Sa ” jm pee bam Apa +12 § 0 900 
Best sessessees senenenpeaneonces o 6 © a orr ers: © Sean jm & ES S- 
0 SME: ie, . us Pe Petersburg Ist red : ha, Be 
9 rg red deals... 12 © 9 12 § 9 
° 37 DEALS AND BATTENS (per a battens ........ ©o eo 0 
°° Peters standard e lst white deals = to 0 12 00 
s 0 Ib) .« mum @ 2 @ 6 Quebec yellow pine, Ist... 21 0 © 32 © o d g10 0 11 oO O 
is 8 Sageciah load, Das. a 6 8 9 os SESS ess | eNom es oes 
sence ” ” 10 3° 
. oo 6° cceteeseescee 8 6 ~ TUCO ....5r0r000 710 © 713 6 Quebec Ist pine 3in. x 7 in. pik ss Foaling 
cepeasiodagecs . 2 ee 8 6 ee & rd o 000 
Bessemer an ceeeee senses 1 6 | __ SPFUCO nav sceseerererecesee ° 10 6 
am BYTOB...rcercerceree 12 10 1 ° ° Dithe, other ports oneness H 5 ° Bn ° ° 15 > ; > > 
a BEICB cecsccseeee 1 9 16 © ” " ~ 71§ © 8B oOo . per standard for deals, &c. 
” DINOS .., co-eeeee 2 : a - n= a ccenees a & ° 810 © and ls 6d. per load for timber, 
” ingots see reeeeeces . ” BPTUCO  cesseee seeee 2 
Bwepisn Taw (F.o.b.) at Gp ene ee £e4a £8, 4. " ; = * WISBEACH. 
Gottenburg— Pe aes 8 6 B® S FRom THE Unrrep Starss, East AND Wast yo hit aren. prem pp 
bet mimgrensmnmmnnenn § © 6 © ceed ee Be INDIES, AND AFRICA. cee 
iieeeiania 1s . ® Wyburg ... 1110 © 1210 0 (Per cubic foot, string - 8rd red boards... 10 19 0 © 0 0 
Petersburg & Rigs white gto o moe measure) 28.4. £8.4, 3rd red deals ...... 120 0 12 5 0 
Tis (per ton) Christiana deals, erties ° ~@ ta. 6°93 6 Soderham 2nd redbatts. 11 15 © © 0 © 
eececcccsecsecnccces 9S © 92 10 sorts, yell. —~ ad 38 © © 3430 © | _@&  SBWB secre =~(@.8.a-e:8 6 * 3rd » zmee oe 8 
Bilitvon ecccsecee 93 10 6 @ Norway other United States oak logs. o 3 3 © 210 Gothenbrg. 2nd reddeals 13 § © © 0 © 
Banca... om 174 #8 C8 © sorts we» 8 © 0 10 © (Per load calliper measure) a 3 a 20 eo (80 Oo 8 
English i) Norway battens, ail sorts $ec0o0 8 Oo East Indian teak ........11 10 © 13 0 © Free on railway trucks. 
Sma Frencu Raruwars.—There are now nearly 1250 Tux Suez Canat.—In the ten days July 20, this Beruin A Port.—A canal has been to unite 
miles of a ** local interest”’ in. operation. | year, 32 ships passed through the Sues Canal; the transit | Berlin to the Bay of the Oder, in the Baltic. The length 
of secondary cost and also, of | revenue co! a Company in same | of this canal will be 75 miles cost of construction is 


This is a group of lines 
secondary eriod amdunted to 25,120/ 


course, traffic. | pe 





Aue, 18, 1876.] 


ENGINEERING. 





133 





MACHINE TOOLS AT THE PHILA- 
DELPHIA EXHIBITION.—No, VII. 
Enewe LatHes—( Continued.) 

Tuus far in speaking of lathes, it has been at- 
tempted to treat of American ce as a whole. 
There are, however, some points “in which a dis- 
tinction must be made between tools constructed 
in Philadelphia and those made in the Eastern 
States. One of these points is in respect to the desi, 
for framing, which in Philadelphia and some other 
places which have modelled after Philadelphia de- 
signs, is plain and corresponds to ‘modern practice in 
England; while in the Eastern States there is al- 
ways something of the ornate architectural style to 
be seen. There is, however, an undoubted tendency 
towards the plain mode of constructing frames, and in 
some classes of tools there are not one-half so many 
mouldings and ornaments as might have been seen 
ten years ago ; but in lathes there seems to be a spe- 
cial reluctance to abandon the mouldings and what 
may be called the ornate style for supporting legs. 
The very excellent fitting which is in some cases 
blended with this ornate framing will seem out of 
place to many, as will also the nickel plating, which 
as a finish for machine tools we are content to 
believe is purely an American idea. Most of the 
best American makers of machine tools have 
thought proper to send their exhibits in the same 
condition as they are supplied to customers, with 
perhaps some extra care in selecting castings and 
other material, Among the wood-working machines, 
however, some exhibitors have their whole display 
nickel plated and burnished wherever possible, leaving 
visitors in doubt as to what would be furnished if 
an order were given for machines, Of this, how- 
ever, mention will again be madeon a future occasion. 

Toreturn to engine lathes, there are several refine- 
ments about wheels and gearing which require notice, 
Back gearing, for example, is never made, as is com- 
mon in Europe, with two pairs of wheels of uniform 
size and pitch. Nothing seems more unmechanical to 
an experienced engineer than to see a train of wheels 
in which no regard is paid to the strains they have 
to transmit, and perhaps no example of the kind is 
less excusable than to construct the back gearing of 
a lathe of uniform strength at each end of the 
spindle. 

As usually arranged, the strain upon the teeth of 
first movers is.not more than one-third as much as 
it is on the last pair, and while it might not be well 
to follow such proportions in + to face and 
pitch, there should certainly be some difference made. 
Asa rule in American practice, the first pair of wheels 
have about two-thirds as much face as the second pair, 
and afiner. pitch also. This, it is thought, contri- 
butes something to the smoothness of work done 
with the back gearing in use. 

In respect to screw gearing or change wheels, 
American lathes in many cases seem strangely out 
of proportion, The pitch of such wheels on Eastern 
pais athes is generally only one-half as much as 
it would be on English lathes of like capacity. The 
wheels are of soft iron, and engine cut in all cases, 
so that in cutting screw threads of long pitch or in 
case of obstruction, the wheels are liable to strip 
their teeth. 

Ina train of interchangeable wheels, when each one 
must be made to mesh with small ang rs eae ap 
safety except in having the gearing free and of a 
slicl, sone eooashi to admit this, Change wheels 
are usually forced together until they ‘‘ bottom ” as it 
called, and every condition favours the breaking of 
teeth. There seems also a strange oversight as to 
the amount cf strain which such wheels have to 
endure. In cutting screw threads the operation 
can be divided into two parts; the-rotation of the 
screw, which is turning, and the movement of the 
tool which corresponds to planing. If these two 
movements were equal, the screw gearing of a lathe 
would have the same or a greater amount of strain 
to endure than the spindle gearing. Threads with 
an inclination of 30 deg. are sometimes cut, and 
taking into consideration the friction and resistance 
of a slide carriage, compared with that of a spindle, 
there is no doubt as much strain on one as the other 
in cutting threads of 30 deg. inclination. This pro- 
portion may seem strange to many who construct 
or use lathes, but it is true nevertheless, and in any 
works where these fine pitch change wheels are em- 
ployed, there will be found evidence of a mistaken 
opinion about the strains they have to bear. 

The devices for holding and adjusting tools are 
another peculiar feature of American lathes. Con- 
venience and rapidity of change seem to be aimed at 





rather than solidity. In an English lathe the im- 
pression of tool-holding devices is that they are 
not often used, that a tool once fixed is: to’ remain, 
but in American lathes such devices seem more 
adapted for a constant change of tools and their posi- 
tion. We are speaking now of small lathes. The 
larger ones do oe much — sre in 
in respect to tool-holding appliances. tespect to 
lather of 12in. centres, and léss, all pertaining to 
tools seems to be modified by the principle of 
operating pointed out in a previous place. 

The English idea of a tool isa square piece of 
steel from two to four times as heavy as would ‘be 
employed in the United States, this bar of steel to be 
clamped on a broad base with several screws and in 
such manner that it requires some time to remove and 
replace it. The angle of the edge is not much 
regarded ; the lathe is strong enough, and if the work 
is rigid enough the cutting must be done regardless 
of those little points of adjustment, angles, and so 
on, which relieve strain and secure accu . Any 
small part, such as fillets, chamfering, svabtines and 
so on, which in America would be done witha slide 
rest, the English workman does by means of hand 
tools, On the other hand the American idea ot 
a lathe tool is a thin bar of steel, as light as possible 
set on its edge, so that the deep section will resist 
the —— strain. The tools are usually put through 
a morticed swivel, so as to be instantly set at any 
angle to the work, and are held by a single screw in 
order to be instantly removed or replaced. A 
vertical 2 ey of the point of the tools is also 
provided for, so that the cutting angle can be 
arranged with precision, and thus lessen the strain 
on the tools and permit thinner and more acute 
edges. The vertical adjustment is often used in 
setting for dimensions, being more sensitive than 
the cross screw when slight variations are re- 
quired, 

In respect to feeding details there is more elabo- 
ration than in English lathes, The requirements of 
a lathe of less than 12 in. centres would be for the 
United States a sliding feed independent of the screw, 
with three or four changes of movement by means 
of a belt or differential wheels which can be in- 
stantly changed ; the sliding feed to be reversed in 
the apron or at the slide rest in some instantaneous 
way, and the feed to start instantly when thrown 
into geat. Self-acting cross feed might also be 
named for 10in. and 12in. lathes. Without filling 
these conditions no lathe could be considered as 
complete, and would find no market. It must not 
be inferred, however, that the same kind of me- 
chanism is employed for slide feeding, and to attain 
the adjustments named, diversity is ‘the rule in this 
asin other things. The friction wheels employed 
on the lathes of Messrs. William Sellers and Co. form 
no doubt the most: novel amorg many methods of 
varying feed. ‘This device, which has been illustrated 
in ENGINEERING (vide vol, xvii., p. 395), differs, how- 
ever, from others in being variable to any degree, 
instead of consisting in two or three V 

A Canadian firm exhibit a lathe in ‘which the 
sliding feed is operated by a ‘chain, the —_ 
being produced by wheels as in screw cutting. Thi 
plan has two advantages, the motion is positive, 
and the space occupied but little, leaving: ample 
room for screw gearing without much overhang, 
such as cone pulleys render unavoidable, 

Independent sliding feed, which is now provided 
on the best English lathes, or ‘‘ rack feed” as it is 
called, is made here with considerable uniformity, the 
shaft and gearing being generally placed behind the 
lathes. In America the only uniformity observable 
seems to be in placing the feed shaft with the screw 
on the front, or if this plan is varied from, the screw is 
mounted at the back, This may be right or wrong, 
as carriages are constructed, and in the case of most 
lathes as made in the United States, there seems a 
want of proper provision to meet the severe diagonal 
strains which fall on a carriage in cutting screws of 
coarse pitch, a matter before noticed. In some of the 
more expensive lathes, those made by the principal 
Philadelphia firms, the screws are placed within the 
frames under the top flanges to be secure from chips 
and dirt, a half-nut being used, and the screw being 
supported by a continuous bearing ite the nut. 
This is a refinement which calls for special appli- 
ances in fitting and causes extra expense, matters 
not much considered in the cases referred to, as the 
lathes are not placed in commercial competition with 
other makers, 

Nearly every point in American lathes to which 
we can refer brings us back to the proposition in 
respect to strains and the mode of turning. The 


| proportions 





of any tool through long experience be- 

balanced and fixed by accidents m7) b 

too weak, or by ‘ect working, so that 
seemingly some of the working parts 

may be there = Are doubt an approximation to 

balaneed strength. ‘This rule, if a true one, is ex- 


Europe | ceedingly hard to’reconcile with the size of rurning 


spindles a American lathes. - The necks, — an 
average of general practice, are not more than ones 
half as‘strong as in ugie lathes. The main neck 
of a spindle fora lathe of 20 in, swing (10 in. centres), 
made ‘by a leading firm in 1873, is only 2} in. in 
diameter, another lathe standing alongside made 
by another maker has a spindle 3 in, in diameter 
in the neck. ‘These examples, varying in strength 
nearly ‘as ‘six to eleven, were examined in 9 work- 
shop, and were not extremes either way. The 
spindles were soft and the bearings of brass. 

In re to eral workmanship there is a 
marked difference between American and European 
lathes. The latter are carefully fitted in all working 
joints, everything else is left plain and rough ; but 
in America the whole machine is fitted up in one 
manner. Screw heads, the plates of wheels, back 
shafts, the sleeves of sliding spindles, the caps of 
bearings, the front of carriages, tool slides, in short 
all parts easily accessible or that have to be planed 
or turned, are finished, and seemingly with as much 
care as is spent on running bearings, or the truth 
of movements. The appearance of machine tools is 
a matter more shonghs of in America, and criticisms 
on the design, which generally means the framing, 
are often heard in cases where nothing but working 
qualities would be thought of in England. 

_ The minute or detail fitting on Eastern made lathes 
is exceptionally well done, and if the alignment and 
cross motion receive attention in proportion—which 
we question—it is a wonder how the tools are pro- 
duced at the prices for which they are sold. For 
example, one firm furnish lathes of 25 in. swing, or 
124 in. centres, to turn 8 ft. long, fitted with inde- 
endent feed gear, screw and change gearing, extra 
‘ace plate, centre and follow rests, cross feed, over- 
head gearing screw keys, all complete for a little 
more than 100/. 

Except when adopted for some special work, 
American lathes are made with the sliding head ad- 
justable laterally. The purpose of this is to turn 
tapering pieces, and perhaps to save something in the 
care which would be required to secure alignment 
in a horizontal plane, In so far as it aids in securing 
parallelism such an adjustment is certainly a conve- 
nience, and so far as we can see is not an objectional 
feature, unless employed to hide a want of truth or 
correspondence in the heads, As already pointed 
out in respect to carriage movement, deviation in a 
horizontal plane is especially to be avoided in an 
engine lathe, and if truth in this respect as well as 
a considerable convenience in performing some kinds 
of work are secured by this side adjustment, it is a 


good expedient. An objection sometimes urged 
against this ym. and in favour of rigid sliding heads, 
is that workmen are apt to neglect setting the 


spindle trae or central and thus spoil work, but, in 
fact, such a.thing seldom occurs, 

While speaking of this matter it may be remarked 
that to construct a true lathe is by no means 80 easy 
as many suppose. The term true applied to a slide 
lathe should include several things; first, that the 
oe coincide: one with 0 a second, — 

carriage moves parallel wi' e centres ; third, 
that the cross’movement is at a right angle with 


rotation axis of the running spindle. 
These things may be to be in some measuré 
contingent one upon another, because all are the re- 


sult of careful fitting and true machine tools for pro- 
ducing the parts. No lathe should be. purchased 
and set at work without being tested as to its truth, 
and it is trusted that the judges may in the present 
Exhibition apply such tests. Mr. Colemen Sellers, 
an experienced constructor of machine tools, gave 
in a paper, read some time since, ai-excellent plan 
of testing the el movement of a carriage by 
reversing a-rod of some length placed between the 
centres, and raters ta ‘carriage from one end to 
the other without.changing a tool which is set so as 
to barely touch the rod. Such atest; however, would 
not determine the truth of the running spindle, the 
axis of which might not coincide with the centres. 

This can easily be tried by inserting a rod several 
feet in length and noting whether the extreme end 
runs concentric with the still centre, A rod of wood 
is preferable because of its stiffness; the centres 
must of course be set to.coincide previous to the 
experiment and before the sliding head is moved 
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back. The cross slide movement is easily tested by 
means of a trammel or large face plate placed on the 
spindle and moving the tool slide from one side of the 
lathe to the other, the carriage being fixed. 
Tapering devices are shown on some of the lathes 
in the Exhibition, but these possess no novelty 
worthy of notice unless it be the mode of connect- 
ing the toolslide to the taper guides when a compound 
rest is not used. With a compound rest the lower 
slide can be operated by the tapering guide and the 
top slide be employed in adjusting tools ; the same 
thing is accomplished with a simple rest by attaching 
the tapering guide to the cross screw, as shown in 
Fig. 8. In this sketch, a is the top of the lathe frame 
and ¢a grooved guide bar attached to the rear side of 
the lathe frame by flanges. A block ¢ slides in a 
groove in the bar ¢, and as the carriage d moves 














gained in the arrangement shown which no doubt 
justifies its adoption. In the first place the spindle 
e admits of a step pulley, which could not well be 
placed on the main spindle, while the end is free to 
receive change wheels of any size. Itis true thatthe 
same advantages exist when a main spindle is made 
so that the end thrust is taken up in the rear bearing, 
and the projecting end is free, as in the case of 
Messrs. W. Sellers and Co.'s lathes, but this plan has 
not been ventured upon by other makers in America. 

The arrangement in Fig. 9 involves one extra pair 
of wheels, and an extra bearing for the lower 
spindle, but neither of these are perishable details, 
unless, as is sometimes done, a set of tumbling wheels 
is inserted to change the motion for back feed- 
ing or cutting left-hand screws; then the whole 
becomes perishable, because of the short bearing of 
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seizes on the mind of American mechanics some- 
times, and causes them to emulate each other in 
following an idea which has no base in practical 
utility. 

An example of this kind are the friction devices for 
reversing lathe shafts. Various firms have vied with 
each other in contriving clutches for this purpose, 
and the measure of their value seems to principally 
depend upon how long a careful workman can eep 
them operating, and at the same time protect his 
| head from falling pieces which have broken or come 
| loose. No frictional starting mechanism has ever 
| succeeded so well as shifting belts. It is true that 
| the strain communicated in this way is as the 
amount of surface in contact and not as the pres- 
sure On a constant area, but this as a theoretical 
point is a small matter compared with the universal 
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along, the rod s slides backward and forward accord. | 
ing to the inclination at which the bar ¢is set. This 
rod s is attached to and moves the cross screw m and | 
tool -holding block », as shown. When straight | 

| 





turning is to be performed the rod is detached from 
the block ¢ and fastened by a clamp screw at i, 





| these wheels on their studs. This tumbling gearing, 
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if it were not objectionable because of wear, would 
be a good device, as it dispenses with the necessity 
of an extra wheel in cutting left-hand threads, and 
what is more important permits the spindle e to be 
stopped when not required to operate the feed or 
screw. 

One firm who do not exhibit any tools, arrange 
the spindle gearing, as shown in Fig. 10, a wheel a 
employed to change the motion being mounted on 
one of the studs which supports the cross-bar e. 
These two wheels take the place of a tumbling gear 
arrangement, the connecting one below being swung 
from right to left engages either of those shown, or 
when placed centrally between is out of gear, and 
allows the feed train to stop. This device is, we 
think, one which will commend itself to engineers, 
and it is regretted that no example is shown among 
the lathes in the Exhibition. 

A contrivance for shifting belts on overhead ste 

ulleys is among recent novelties connected wit 
fathes. Fig. 11 will explain its operation. In this view 








| aisastep pulley, e the belt, cisa shifting eye attached 
| to a rod ¢ which moves freely in the sleeve m; this 
sleeve m is fastened to a vertical shaft or rod which 
stands behind the lathe or other tool, passing from 
the floor to the ceiling, and is turned by means of 


the operation of the lathe being then the same as 
though no tapering device was employed. The 
method of turning taperin jieces has been 
adopted by Messrs. Pratt and Whitney, the cele- 
brated makers of gun tools. Several examples are 
shown in the Exhibition. the handle ». The eye c shifts the belt from one 
Nearly all lathes made in the Easvern States, that | pulley to another in a manner which would not be 
is to say the greater humber made in the country, have | suspected without an experiment. 
an auxiliary or intermediate spindle to connect the The whole seems a little ‘“trappy,” as the 
main spindle with the feed and screw gearing. This | Americans say, and may cause annoyance by de- 
we believe to be a peculiarity of American practive, | rangement, acommon fault with most contrivances 
and to deserve some notice. The general mode of | of the kind, but when working well it seemsa useful 
arranging such gearing is shown in Fig. 9, in which | addition when overheaa gearing is placed high and 
a is the main spindle, and ¢ the auxiliary one, ¢ is a | out of reach. In respect to overhead gearing for 
step pulley for the slide feed, and da pinion to be | lathes, if oor were worth the trouble, much 
used in the train of change wheels for screw cutting. | might be said of practice in America. It would 
It would seem that the most simple plan of gear- require much space to explain or even revert 
ing with a main spindle would be to have it project | to the various contrivances which have been tried 
through the rear bearing and place a oumher for reversing the movement of overhead shafts, 








and thrust screw behind, but still there are points | There seems to be some strange infatuation which 








use and complete success of shifting belts for nine- 
tenthsof all cases where stopping, starting, or revers- 
ing gear is required, In the case of a lathe shaft two 
belts have to be employed to produce different speeds 
and the forward and back motions; the object of 
friction clutches is to substitute some new or inde- 
pendent frictional surfaces instead of that between 
the belts and the face of the pulleys, these surfaces 
being generally of metal on metal, actuated by some 
contrivance with running points of large diameter. 
A common plan is to operate such clutches by means 
of a sleeve with conical ends which wedge between 
and expand some contrivance within the pulleys. 
This sleeve, of course, must be moved bya ring 
collar, fork, or other device which runs at consider- 
able speed and wears out, while various adjustments 
must be looked after to keep the whole in order. The 
matter, as said, is one not worth notice, and we leave 
it with the remark that those who make the best 
lathes employ only belt shifting gearing for over- 


| head shafts. i 








Tue Gur Stream.—The great river in the ocean known 
as the Gulf Stream, from the Gulf of Mexico to the Azores, 
is 3000 miles in length, and its greatest breadth is 120 
miles. At first its speed is four miles per hour, but this 
gradually declines as it becomes more diffused. In the 
Straits of Florida the temperature of the Gulf Stream is 
84 deg., or 9 deg. above the surrounding waters ; and off 
Newfoundland in winter it is 25 deg. to 30 deg. warmer than 
the neighbouring seas, thus causing the dense fogs of that 
region. The Gulf Stream is a great dispenser of heat and 
moisture in its course. 





AUSTRALIAN TELEGRAPHY. — The 
New South Wales has been informed by 
Government of New South Wales, associated with the other 
Australian governments, will ran a steamer between Ban- 
joewanje, Java, and Port Darwin during the interruption 
of the Java-Australia section of the Eastern Extension, &c., 
Company’s cable. The steamer will remain at the Ban 
wanje for messages from Europe for three days certain 
longer ondemurrage at the discretion of the Government 
officer on board ; and it will remain at Port Darwin one 
day, with the same provision for additional time. 
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STEAM HAMMER AT THE PHILADELPHIA EXHIBITION. 
CONSTRUCTED BY MESSRS. FERRIS AND MILES, ENGINEERS, PHILADELPAHIA. 
(For Description, see Page 137.) 
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SCIENTIFIO 


THE EXHIBITION OF 
APPARA 
Macwetism anD Execrricitr.—No, V. 


Iw our last notice we described the electrical ma- 
chines at South Kensington, and the instruments 
for producing and maintaining differences of electro- 
statical potential. The still more important subject 
of electro-dynamics, embracing as it does the great 
results of telegraphy, the transmission of time 
signals, the deposition of metals, electric illumination, 
and the hitherto undeveloped subject of electro- 
motive power, is equally well represented in the 
collection, and the enormous number of exhibits 
which owe their origin entirely to the one discovery 
of the voltaic battery, renders it almost difficult of 
belief that Volta’s discovery was made but 76 years 
ago and within the memory of some who are living 
at the present time. 

The collection of instruments in this section is in 
itself an eloquent answer to those who are always 
ready with the question ‘‘ Cui bono 7?” in reference to 
the little beginnings of science, and who cannot be- 
lieve, unless they can see some immediate practical 
use in a discovery, that it is not necessarily worth- 
less, and that to follow it up is not merely waste of 
time. What would be said of a person who would 
value the acorn only because upon it he may feed 
his pigs, ignoring the fact that it contains the germ 
of the giant oak whose branches extend both far 
and near, and out of whose trunk the toughest 
timbers may be cut. And yet those who would re- 
pudiate the small things of science upon utilitarian 
grounds, or who value them only in proportion to 
their immediate and limited use, are hardly less 
short-sighted, for assuredly the whole history of 
the world has shown that small discoveries of the 
hidden things of nature have proved themselves to 
be germs which have developed into sciences of the 
utmost practical value, spreading into every region 
of thought, and out of which industries have sprung 
that now support the world and enable thousands 
to earn their daily bread. 

Let such persons take a walk through Gallery F 
of the Loan Collection of Scientific Apparatus ; there 
they will see that Volta’s pile, which at the time of 
its invention was known only as being capable of 
producing muscular contractions in the limbs of 
dead frogs, has developed in three-quarters of a 
century into a gigantic science, and that by his 
celebrated couronne de tasses man has been enabled 
to put a girdle round the world and to tie together 
all the countries of the earth, 

From the fact that Volta’s discovery was first 
applied to produce the electrical effects in Galvani’s 

ysiological experiments, the science of electro- 
Mer has been somewhat unjustly called after 
the name of that anatomist, and Volta’s couronne de 
tasses and its subsequent developments have re- 
ceived the name of Galvanic batteries. 

The voltaic batteries, or instruments for pro- 
ducing ‘and maintaining differences of electro- 
dynamical potential, to the consideration of which 
we shall confine ourselves in this notice, form a 
most interesting and instructive series in the South 
Kensington Collection, whether they be regarded 
analytically or from an historical point of view. 
There are bee collected not only some of the earliest 
forms of batteries, but some of the original instru- 
ments as completed by their inventors. 

The history of the voltaic battery in England is 
well illustrated by an interesting series of the early 
batteries from the Museum of King George III. at 
King’s College, No. 1255 consisting of (2) Cruik- 
shanks’, in which the plates themselves. formed the 
cells by being soldered back to back, the copper 
against the zinc, these compound plates formin 
divisions in a waterproof wooden trough in whic! 
the acidulated or ookee solution was . This 
battery was invented "E. Cruikshanks in the year 
180!, or one year after Volta’s discovery, and was 
for mavy og used for working the electric tele- 
graph. (6) Babington’s, also a copper-zinc battery, 
which was the first in which the plates were attached 
to a frame by which they could all be lifted out of 
the solution together; and (¢) Wollaston’s, in which 
the zinc plate was enclosed on both sides by a copper 
envelope, the two being separated by wood or some 
other non-conducting material; by this means the 
effective area of the zinc plate was doubled, and the 
quantitative power of the battery was thereby much 
increased. The exciting solution used in Wollaston’s 
arrangement was composed of nitric and sulphuric 
acids, in equal proportions, diluted with seven times 
their volume of water. 


There is also in this series an and quaint 
contrivance, attributed to Sturgeon; to remedy the 
very obvious difficulty of my nN ee charging a 
trough constructed upon Cruikshanks’ principle. 
Attached to the battery is a second waterproof trough 
without divisions, so pas as to receive the liquid 
contents of the cells when the whole apparatus is tilted 
forward ; to facilitate this operation it is mounted 
upon a pair of trunnions between two uprights 
attached to a horizontal stand. It is only ne 
to tiit the apparatus in one direction for the battery 
to be charged, and in the other for its contents to be 
poured into the reserve trough. Miinch’s batiery, 
which was invented a little after Wollaston’s, was 
a modification of it, and was so arranged that all the 
plates could simultaneously be immersed in the same 
solution contained in a large rectangular cell or 
trough. From this was developed Hare’s battery, 
or ‘‘deflagrator” as it used to be called, from its 
great calorific effects. It consisted of a large sheet 
of copper and a large sheet of zinc rolled together 
upon a cylinder of wood, and kept _ by having 
bands of cloth or horsehair rolled between them. 
This helical roll was immersed in a tub of acidulated 
water, and being of great surface, and the internal 
resistance being very small in consequence of the 
close proximity of the plates, great heating effects 
were produced. No, 1256 is a battery described in 
the catalogue as ‘‘Hare’s deflagrator,” but this 
appellation is not correct. It is merely a copper- 
zinc cell in a cylindrical form, consisting of a copper 
vessel composed of two concentric cylinders attached 
to acircular plate of copper forming the bottom ; 
the annular space between these cylinders is filled 
with diluted sulphuric acid, and into this a cylinder 
of zinc is immersed, This arrangement, though re- 
sembling Hare's in general appearance, differs from 
it in the fact that the plates are concentric cylinders 
having no helical form. By both these batteries great 
heating and magnetic effects are produced due to the 
large surface exposed, and to their small internal 
resistance, 

No. 1253 is the original water battery of Pro- 
fessor Daniell, and contributed by the Couneil of 
King’s College. It consists of 512 small copper 
tubes about # in. in diameter, fixed in a vertical posi- 
tion into a flat board in sixteen rows of 32 tubes 
each. To the edge of each tube is soldered a piece 
of thick zinc wire bent over so as to dip into the 
water contained in the next adjacent tube, All the 
tubes being filled with water a current of very high 
electrical tension was developed due to the great 
internal resistance of the battery and the great 
number of cells. These 512 cells are only a portion 
of the water battery with which Professor Daniell 
experimented, and which consisted of 2048 similar 
cells, With this water battery he was enabled to 
charge almost instantaneously a Leyden battery of 
many square feet of surface, and in a much shorter 
time than by a powerful electrical machine. Pro- 
fessor Daniell found in his experiments at this early 
date that there was an appreciable interval between 
each discharge of the Leyden battery, indicating, as 
he expressed it, that voltaic action, ‘ though 
seperate immediate, consists of a succession of 

orts rapidly following each other.” This is pre- 
cisely the conclusion to which the recent valuable 
researches of Mr. Warren de la Rue and Mr. Spottis. 
woode upon the stratification of the electric dis- 
charges tx vacuo have led, and to which we shall 
have to refer further on. 

The greater degree of intensity produced by a 
battery of a large number of elements, the more 
necessary is it for each cell to be insulated, and this 
is a point that only lately has received the attention 
it deserves. In the water battery of Mr. Crosse, 
and which is described in Noad’s ‘“‘ Lectures on 
Electricity,” this point was very carefully attended 
to, and with a battery of 2500 pairs of elements 
extraordinary electrica! effects were produced. 

In all the batteries of which we have been speak- 
ing the metallic plates are immersed in one liquid, 
and are called for that reason the “ single-fluid 
batteries ;” they are all more or less liable to 
diminish in power after a very short time of work- 
ing, and this is due to three causes ; in the first place, 
the exciting solution cannot be kept in a uniform 
condition, the sulphuric acid is, during action, dis- 
solving the zinc and becoming more and more con- 
verted into a solution of zinc sulphate, so that the 
internal resistance of the battery is continually in- 
creasing, and unless it were “refreshed” as it is 
called, from time to time by the addition of fresh 
sulphuric acid, its action would cease altogether, 





In the second place, the hydrogen which is con- 











tinually being evolved on the copper or negative 
Bits, doe po) come away as fastas it is formed, 
ut adheres td the plate'as‘@ thin film of non-con- 
ducting material, forming in the circuit what is 
equivalent to a “fault” of high resistance; but in 
the third place, this film of hydrogen has astill more 
deleterious influence upon the working of the bat- 
tery than insulating the negative plate from 
the conducting faid. It converts that plate into 
more or less of @ positive plate similar to the zinc, 
and so has a tendéney to force the current back in 
the direction 6} te to that which the battery 
ought to givé. Hydrogen is even more electro. 
positive than zine, and When this hydrogen covering 
is at its worst, if is as-if the copper element were 
plated ~— zine, or rather with some — having 
stronger electro-positive properties, e poles of 
the battery* havea tendency to be ma 
hence this’ is known by the name of polarisa- 
tion, and itGs* Wthe bétes noires of the elec- 
trician. *> ae on 
All tae eatanld are amseiod by the two fluid 
batteries Gf which’ Dahfpll’s sulphate of copper 
battery Was the first, and-which may be taken as the 
type of t oF $“tworfluid” batteries. No. 1254 
is the original constant battery of Professor Daniell, 
invented inthe year 1836, and which was employed 
by euinet ort ‘in his researches; this also 
is con by the Council of King’sCollege. It 
consists Of @ series of tall cylindrical copper vessels, 
each ‘ a second cylindrical vessel or cell 
composed 6f porous clay, in which is inserted a round 
rod of zitie; the-outer copper cell is filled with a 
solution of copper sulphate, which is maintained at 
its point of saturation by having crystals of that 
salt kept always in the liquid upon a perforated 
annular shelf atthe top of the copper cell. The 
Jom cell containing the zinc an is sometimes 
Hed with a solution of sodium chloride (common 
salt), but more often with diluted sulphuric acid. 
The action of the battery is as follows: when the 
circhitis “olosé@ “decomposition of the diluted acid 
takes tlie porous cell, the oxygen of the 
water ¢ 88 with the zinc to form an oxide, 
which is imiiediately dissolved by the sulphuric acid 
forming #ié sulphate. The hy set free by 
the’ decomposition is liberated on the surface of the 
copper element, but, instead of accumulating there, 
as in the single fluid batteries, it meets the copper 
sulphate solution which is also being decomposed 
into oxygen, with which it combines to form water, 
copper, which is deposited upon the plate of the 
same metal, and sulpharic acid, which permeates the 
porous cell replacing that with which the zinc was 
dissolved, ond so aptomatically “ refreshing” the 
inner cell, All these actions are perfectly regular 
and proportioned to one another so long as the 
copper solution remains saturated, and thus a con- 
stant current is produced. When still greater con- 
stancy is required the diluted acid is replaced by a 
solution of zinc sulphate, but the power of the 
battery is thereby much reduced. 
The following diagram will explain the reactions 
~—_ take place in a Daniell’s cell when the circuit 
is closed : 


si (Zine rod «. Zn Zinc sulphate 
$ | Sulphurie acid... SO, Zn 0,80, { Aimer cell 
& | Wate _ “frend to dis- 
ater ‘iia to dis- 
E o— 80 | a” ae 
zinc). 
Copper sulphate {o- c {"pontea 3 
BI = a oes i on 
3 s0o# puter cell). 
= Water (ready 
3 i. to dissolve 
é Water ... ~15— 2HO ...4 morecrystals 
of copper sul- 
phate). 


Three years after the invention of the Daniell 
battery, Mr. Grove, Q.C., now Justice Sir W. R. 
Grove, invented his celebrated nitric acid battery, 
which is the most powerful combination yet dis- 
covered, and which eliminates the hydrogen by 
oxidising it, so as to form water, and so prevents a 
polarisation of the negative plate. 

Grove’s original nitric acid battery is in the 
collection, and will be found next to his gas battery, 
No. 1262, but it does not appear to have a number 
ofitsown. It is interesting not only from its being 
the first of its kind, but from its having been con- 
structed by its distinguished inventor out of such 
simple materials. It is a minute battery of 12 glass 
cells, which are in fact very small toy tumblers. 
The porous cells are the bowls of tobacco pipes, 
broken off their stems and having their small ends 
stopped with wax, With this little battery Pro- 
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fessor Grove obtained a most energetic current of 
electricity, capable of rapidly decomposing water 
and of igniting: wire and c points. <A 
good specimen of Grove’s battery is contributed 
by Messrs. Elliott Brothers, No. 1269. Grove’s 
battery consists of | pe a worms couples; the outer 
cell contains_diluted sulphuric acid in which is im- 
mersed a plate of amalgamated zinc, sometimes in a 
cylindrical form but more often bent twice at right 
angles, so as to form two parallel. plates united at 
their lower ends, Within this cylinder, or between 
these two plates, is a porous cell containing a sheet 
of platinum: foil immersed in concentrated nitric 
acid and forming the negative plate. 

On account of the great electro-motive force of 
Grove’s nitric acid battery as compared with its 
size, it is the battery commonly used in this country for 

roducing the electric light for lecture purposes. 

he principal objection to Grove’s battery is the 
costliness of the platinum plates; In Bunsen’s bat- 
tery, which was invented in 1843, this is met by the 
substitution of a plate or prism of carbon for the 
platinum ; in all other respects, it is similar to 
Grove'’s. Bunsen’s —— is used almost exclu- 
sively on the Continent for the electric light, in 
cases where magneto-electricity is not employed. 
But although its prime cost is considerably less than 
Grove’s arrangement, it is more costly to work and 
occupies considerably more s In fact, while 
Grove’s is the most compact, Bunsen’s is probably 
the most bulky battery in use. There are at South 
Kensington examples of Bunsen’s battery in all its 
forms. 

Faure’s arrangement, No. 1270, consists in placing 
the nitric acid inside the carbon pole, which is made 
in the form of a bottle, and which is closed by a 
carbon stopper. This carbon pole, which is in form 
exactly like a ginger-beer bottle, is at the same time 
the porous cell; and being air-tight, the nitrous fumes 
accumulating in the upper portion force the nitric acid 
through the pores of the carbon by their pressure. 

No. 1582 is a modified form of Daniell’s arrange- 
ment contrived by Dr. Meidinger, Professor of 
Physics at Carlsruhe. It consists of a large glass 
jar enclosing a smaller jar, into which dips the neck 
of a balloon-shaped glass containing crystals of 
copper sulphate. ‘The outer jar contains a zinc cy- 
linder immersed in a solution of magnesium sulphate, 
aud the inner cell contains a copper cylinder im- 
mersed in copper sulphate, which is maintained in a 
saturated condition -by the crystals in the balloon 
jar falling down as those below are dissolved. This 

attery is much used throughout Germany for tele- 
graphic work. There are some good examples of 
this battery in the section devoted to horology, where 
they are employed for driving Ritchie's electric 
clocks (No. 1844). 

By far the most constant battery for telegraphic 
work is Daniell’s if properly attended to, but there 
is in it a very great waste of material in proportion 
to work done, owing to diffusion taking place by 
osmosis through the porous diaphragm. Leclanché’s 
battery (No. 1277) is the most formidable rival with 
which Daniell’s has ever had to contend. Although 
in its earliest-forms it has a porous cell, it is essen- 
tially a one fluid battery, and liable to the defect in 
all such batteries, viz., a liability to polarisation, 
but it possesses this advantage, that directly the 
battery is at rest the hydrogen, and with it the 
polarisation, disappear, and the battery regains its 
original strength. It is for this reason irably 
adapted for electric bells and for telegraph lines 
where there is intermittent work, such as country 
otees and private lines. It is becoming very 

gely employed in tele, hy both in this country 
and on the Continent, in olf cuen where the business 
of the line will permit of intermittent action. In 
construction Leclanché’s battery consists of a glass 
vessel containing a saturated solution of ammonium 
chloride, in which is immersed a zinc rod forming 
the positive element, and a porous cell containing a 
mixture in equal proportions of manganese — 
and crushed horn acben in small lumps and tightly 
packed for the negative element. In the last form 
of Leclanché’s battery introduced by the Silvertown 
Company the porous cell is done away with, and a 
solid cylinder of compressed manganese and carbon 
is subatituted for it, and by this arrangement many 
defects are eliminated, 

The reactions, upon contact being made, are as 
follows: Chlorine (Cl) is liberated upon the zinc 
plate, and forms with itzine chloride (Zn Cl,) which 
is soluble, The ammonium (N H,) is decomposed 
into ammoniacal gas (N H,), which is given off and 
water (H,0), or expressed symbolically : 





Before contact, Zn 2(N H A 
After contact, Zn Cl,, 2 (N H,), HO, M,0,, ©. 
The earliest attempt to eliminate polarisation in 
a single fluid battery was made by Mr. Smee in the 
well-known battery which bears his name; he used 
for his negative element a plate of silver foil covered 
over with finely divided platinum, which has the 
ar vd of throwing off the hydrogen in minute 
ubbles from its granulated surface; but this was 
iy battery, thendl in the right direction, and 
mee’s battery, thou — ing very great con- 
veniences, has all the defects of iegib fluid batteries, 
and is werenerse useless for telegraph purposes. 

In illustration of the electro-positive effect of the 
metallic gas hy m to which polarisation is due, 
— Grove igned a —_ in which the 
gases hydrogen and oxygen form itive and 
negative poles, and from which he obtained all the 
effects of the voltaic battery. In the collection 
will be found the original gas battery of Professor 
Grove (No. 1260). Itconsistsof three Woulfe’s bottles, 
into the necks of which closed glass tubes are fitted ; 
each tube contains a slip of platinised platinum foil, 
to which is attached a platinum wire sealed into the 
glass tube terminating outside, and by which the 
alternate tubes may be connected. These tubes are 
filled with hydrogen and with oxygen alternately, 
and when contact is made between the first oxygen 
tube and the last hydrogen tube an electric current 
is established, and at the same time the gases con- 
tainedinthetubes gradually diminish in volume in the 
pro ortions in which they exist in water, and which 
is | aan during the action, No. 126lis a fine 
modern form of this battery of six elements, con- 
structed i A ae of Dublin, and contributed by 
Professor W. F. Barrett. 

One of the most interesting exhibits in this sec- 
tion is a series of forty cells of Mr. Dela Rue’s chlo- 
ride of silver battery, of which he has in his labora- 
tory a series of over 8000 cells. The cells of this 
battery are large gn test tubes closed with stop- 
pers of paraffin, the negative element consists of 
a silver flattened wire, upon which is cast a rod of 
fused silver chloride immersedin a solution of am- 
monium chloride, and the positive element is an 
amalgamated rod of zinc wire pre from the 
purest zinc that can be obtained ; and in order to 
prevent internal contact between the silver and the 
zinc, the former is enclosed in a small tube of vege- 


table parchment open at both ends, With this’ 
.D 


enormous battery e la Rue, in conjunction with 
Mr. Spottiswoode, has been investigating electrical 
discharges in vacuo, to ascertain the cause of the 
stratification. With a battery of half that number 
of cells, a discharge is maintained through a vacuum 
tube interposed between the poles without the use 
of any induction coil, and what is still more remark- 
able, it is accompanied by the pulsating stratification 
without any contact breaker or interruption of the 
current. By proportioning the external resistance to 
the electro-motive force of the battery, Mr. Dela Rue 
was able to maintain the well known crescent-shaped 
stratification so absolutely stationary and steady, 
that perfectly sharply-defined photographs could be 
taken of them. It is intended to prosecute these 
researches until a battery of 10,000, or even a larger. 
number, of cells is reached ; and with such inquirers 
as Mr. De la Rue and Mr. Spottiswoode, there can 
be little doubt that very important additions to our 
knowledge of the internal philosophy of the voltaic 
battery may be expected, and the connecting link 
between electro-dynamics and electro-statics may be 
reached, 

We cannot conclude this notice without a reference 
to the very mpeg Be copper-zine couple” of Dr. 
Gladstone, by which he in conjunction with Mr. 
Tribe has beer, adding a large number of new com- 
pounds to the science of chemistry by its decom- 
position of other substances. It will be found in 
the section of the Exhibition devoted to 
(No. 2427). In its simplest form it consists of a 
mass of zinc foil, crumpled up in order to increase its 
surface and the number of its ridges, and upon it is 


recipitated a covering of finely divided copper. |: 


pon immersing this cuprified zinc foil or ‘‘ couple” 
in certain fluids possessing electrolytic properties, 
an infinite number of local currents is developed 
between the minute particles, of copper and such 
minute specks of zinc as are left uncovered and in 
contact with the electrolyte. The result is that 
electrolysis takes place, and the body is decomposed ; 
for example, if the couple be immersed in water, 
the xd is a zinc saved’ Ap we 
the hydrogen collects in the upper vessel, 
and the level of the liquid falls, 





This is essentially a “local action” couple, it 
utilises and turns to good account local action, 
which is so deleterious to the proper working of 
most voltaic batteries, and which mation of 
the zinc plate is intended toreduce. In this arrange- 
ment-there is no external circuit, and, therefore, 
such couples cannot be connected together in series 
so as to form a . It is, therefore, rightl 
classed with chemical instruments rather than wi 
those ray to magnetism and electricity. 

Besides the combinations we have described, and 
which may be termed the standard batteries, there 
are in the collection a large number of “ fancy” 
batteries, many elaborately “ got up” with all the 
finish of brass-work and ebonite that is necessary 
for an optician’s advertisement, and in which an 
amateur so much delights, but which we have not 
space to do more than mention. 

In conclusion, we will only call attention toa very 
interesting and instructive series of models of voltaic 
batteries on twelve different systems, contributed 
by the Conservatoire des Arts et Métiers and con- 
structed by M. Ruhmkorff. In this series of 
beautifully finished models is recorded the history 
of the voltaic battery both in England and in 
France from the invention of Volta’s pile, which is 
represented by a model on an misiett scale, to the 
year 1860, when M. Becquerel introduced his 
sulphate of lead battery, which shares the honours 
with Leclanché’s cell on the Continent for the work 
ing of electric bells. : 








FERRIS AND MILES’ STEAM HAMMER. 

We illustrate on page 135 one of the steam hammers ex- 
hibited at Philadelphia by Messrs. Ferris and Miles, deserip- 
tions of whose machines have already appeared in this journal. 
The hammer has a weight of bead of 700 lb. Several peculia- 
rities of desizn will be noticed, the most, striking of them 
being that the head A is set at an angle in the frame. The 
die C is of the oblong form shown in the drawings, as well 
as that of the anvil die D, ‘Tbe object of this arrangement 
is to enable the workman, after drawing out his work across 
the short way of the die, to turn it and finish it lengthwise 
without being inconvenienced by the frame. By this means 
skew and T-shaped dies can be dispensed with, and the full 
surface of the ram utilised. The latter is moved between 
the guides E E, and heldin place by the steel plate F, bolted 
through the frame B. The valve G is a plain cylinder of 
cast iron, enlarged at each end to work in the cylindrical 
seats H H, in which the ports II are placed. Steam is ad- 
mitted through the valve J, and circulates round the valve 
G between the seats. The exhaust chamber K is below the 
cylinder, which therefore drains condensed steam into it at 
each stroke through the lower steam port. The exhaust 
above the piston passes down through the interior of the 
valves, as shown by the arrow on the drawing. The valve 
stem L is connected with the valves in the exhaust chamber, 
No stuffing box is therefore required, there being only atmo~- 
spheric pressure on each side of it. This combination en- 
ables the valve to be so perfectly balanced that it will 
drop by its own weight while under steam. 

The automatic motion is obtained by an inclined plane M 
upon the ram A, which actuates the rocker N, the outer arm 
of which is connected by a link to the valve stem, and thus 
gives motion tothe valve. The valve is caused to rise in 
the up-stroke by means of the rocker N, and its connexions, 
through the inclined plane. The steam is thus admitted to 
the top, which drives down the piston, while the valve and 
connexions follow by gravity, thus reducing considerabl. 
the friction and wear upon the valves. In very quick ok 
the fall of the valves may be accelerated by the aid of a 
spring; or it may be retarded in heavy work by friction 
springs, 80 as to obtain a heavier blow by a fuller admission 
of steam. For general work, however, the arrangement 
shown is perfectly effective, and as the rocker N is hung 
upon the adjustment lever P, any required variation can be 
obtained by the movement of the lever. Single blows can 
be struck with any degree of force, or a rapid succession of 
constant or variable strokes may be given. 

The anvil O rests upon a separate foundation, in order 
to reduce the effect of concussion upon the frame, The 
drawing illustrates the arrangement. The bed is long, 
extending beyond the hammer on each side so as to give 
plenty of area, and the ends are left open for convenient 
access in case the anvil should settle.and require re-adjust- 
ment. 





‘New Works on THE SoutH ITat1an.—Douring the last 
few months, the South Itahan Railway Company has onan 
some aqueducts and consolidated some cuttings on its Bari 
and Tarentum line. A swing bridge at Si lia has been 
strengthened. Some new lines and turntables have been 
laid in the Ancona station. ‘he appliances of the Pescara 
station have been extended, and s new lines have been 
laid down in the new and old stations at Naples. A bridge 
over gy Ser egy paw ae failed in pang 1875. 
A new , form mi ic spans resting on the piers 
of the old bri ich had remained intact, was opcned 





within aan "T new bridge involved altogether an 
outlay of Agel. 
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truck under the smokebox. The cylinders were 17} 
in. in diameter, length of stroke 20 in. and their 
position was between the truck and the smaller pair 
of wheels. They weighed about 47,000 lb., and 
on trial achieved a speed of 60 miles an hour on the 
Pennsylvania Railroad. In 1852 a new type was in- 
troduced, arising from the requirements of the 
Pennsylvania Railroad Company, for heavy freight 
engines to burn bituminous coal. These engines 
had ten wheels, six-coupled, 48 in. in diameter, and 
a four-wheeled truck, and weighed about 27 tons, 
the weight varying however with the power of the 
engine. A few years after, this class had wholly 
superseded the earlier types with six or eight wheels 
all coupled. A special class of engine may be men- 
tioned here, which was built in 1847 for running on 
the inclined plane on the Madison and Indianapolis 
Railroad, over a gradient of 1in 17. This engine, 
which is shown in Fig. 11, had eight coupled wheels 











42in, in diameter, and outside cylinders 15} in. in 
diameter and 20 in. stroke, A supplementary pair 
of vertical cylinders 17in. in diameter and 18 in. 
stroke was attached to the boiler as shown, and 
these drove geared wheels working into a rack laid 
on the road bed. By means of a small horizontal 
cylinder on top of the boiler, the piston rod of which 
was connected to a bell crank, and this to side rods 
attached to the main shaft carrying the pinion, the 
toothed wheels could be thrown in and out of gear 
with the rack according to circumstances. In 1861 
steel fireboxes were first introduced at the Baldwin 
Works, and the attempt proved unsuccessful. Two 
years later, however, better results were obtained, 
and from’ 1866 steel for that purpose became general 
for the engines built for the Pennsylvania Railroad. 

In 1866 Mr. Baldwin died, and some of the pre- 
sent members of the firm became interested in the 
business, which continued however to be carried 
on under the title of the “‘ Baldwin Locomotive 
Works.” 

It may be mentioned here that two largely used 
types of engines, which are sugetesnted at the 
Philadelphia Exhibition, are known under the general 
titles of ** Consolidation” and ‘* Mogul,” these names 
heing those of the first engines of the classes built. 
The former has four pairs of coupled wheels, and a 
two-wheeled Bissel truck in front, The latter has 
— pairs of coupled wheels, and a swing truck in 

ront, 

The present extent and arrangement of the Bald- 
win Locomotive Works will be understood from the 
plan on the preceding page. They occupy portions 
of six blocks, facing on Broad-street, and running be- 
yond Seventeenth-street in one direction, and reach- 
ing from Pennsylvania Avenue to Spring Garden- 
street in the other. ‘The numbers on the drawing refer 
to the different portions of the shop as follows :— 

No, 1. This is a four-story structure, the base- 
ment of which is used as store-rooms, the first floor 
for offices, the second is the drawing office and model 
room, the third is a small machine shop, and the 
attic is used asa pattern store-room, This building 
is of stone and brick, with a gravel roof. No. 2 is 
of the same height as No. 1, the first floor being the 
boiler shop, the second and third machine shops, and 
the attic is used as a store-room for patterns. No. 
3, which is 160 ft. long by 40 ft., is of the same 
height, the basement being used as a boiler-house, 
the first, second, and third as machine shops, and 
the attic is an extension of the pattern shop. No. 4 
is a three-story brick and frame structure, 121 ft. by 
40 ft., with the builer shops on the first and ground 
floors, and a machine shop on the floor above, Nos. 
5 and 5a are the boiler and blacksmiths’ shops, a 
portion of No. 5 being also used as a machine shop. 
The area, which is on one side 317 ft. 8 in, long, is 
divided into three spans of 59 ft. 8 in. each. They 
are one-story buildings with slate roofs, and in the 
centre is an open area as marked. No, 6 is an 
engine-house 19 ft. by 40 ft., also in one story. 


by 77 ft., and -is used on the first and second floors 


@ carpenter an tern-makers’ shop. 0. 7A, 
measuring 61 ft. by 83 ft., is divided across one end, 
where the chimney stack is shown in the plan, and 
used as an engine-house. In the basement of the 
other portion are placed three steam boilers, and 
above on the first floor isa machine shop, on the 
second a brass shop, and on the third a paint shop. 
No, 8, measuring 168 ft. 44 in. by 140 ft., is an 
erecting shop, one story in height; and in one 
corner of the block is another building 60 ft. by 68ft., 
of four floors, the first two of which are grinding 
rooms and pipe shop, and the other two are not 
occupied. A shed 108 ft. 4} in. by 36 ft., serves as 
a pipe and iron store; and the remainder of the 
block not yet built upon, and measuring 32 ft. by 
108 ft. 4} in., is about to be used for offices. No. 9, 
a building 26 ft. by 102 ft., is used for storing lum- 
ber ; and 9a, in the basement serves as a coal store ; 
the first floor is used as a tube shop, and the second 
as a pattern store. No. 94, 150 ft. by 102 ft., is the 
steam hammer and smiths’ shop, and No. 10 is also 
a steam hammer shop, measuring 80 ft. by 102 ft. 
The position occupied by the boilers is shown in the 
plan. No. 11 is not yet built, but it is intended to 
construct there a photographic establishment for 
the use of the works. No. 12 is the iron foundry, 
190 ft. by 80 ft. No. 12a is the cupola floor, the 

ositions of the cupolas being shown upon the plan. 

n 124, on the first floor, is a boiler and engine-room, 
and the second is used as a finishing shop. No. 12c 
are the core ovens, and 12d is a covered shed for 
grinding stone, &c. No. 12e, a shop two stories 
high, serves the ground flvor for cleansing castings, 


is four stories high and measures 115 ft. by 30 ft. 
On the first floor is the machine repair shop, on the 
second the brass finishing shop, on the third ma- 
chine and pattern makers’ shops, and on the fourth 
is a pattern store. No. 12g is a shed for storing 
flasks and sand, and No. 124 is also a sand store. 
As will be noticed, there are two gateways at this 
part of the block, running to the right and left, and 
giving access to No. 13, a blacksmith and steam 
hammer shop, 205 ft. by 80 ft. On the other side is 
No. 14, also a blacksmith’s shop, 160 ft. by 80 ft. 

The works of Messrs. W. Sellers and Co. occupy- 
ing the block between Sixteenth and Seventeenth- 
streets, cut off the remainder of the Baldwin Loco- 
motive Works. As will be seen from the drawing, 
they occupy about half of one block and a small 
portion of another. ‘lhe former is used entirely as 
a tender-making shop. No. 15, measuring 178 ft. 
by 55 ft., has two Stories and an attic. ‘Lhe first 
floor is the erecting shop, the second the tank shop, 
and the attic is used as a sheet-iron shop. Beyond 
is an extension of the erecting shop, marked l5a on 
the plan. No. 154 is 55 ft. by 178 ft., and is a two- 
story building, with a machine shop on the ground 
floor, a woodwork shop above, and a pattern store on 
the roof. No. 15¢ is another machine shop and 
engine and boiler house. It is 68 ft. long by 48 ft. 
wide, A pumping house is shown at 15d. Nos. 16 
and l6a¢ are punching and straightening shops, and 
164 is a small store-room. 

The portion of the works in Seventeenth and 
Hamilton-streets, marked 17, comprises two shops, 
one 60ft. by 66ft., and the other 62 ft. by 66 ft. 
They are both used for the manufacture of loco- 
motive springs, ‘The ‘positions of the furnaces are 
indicated on the plan. The projecting shed 
marked 174 covers a weighing platiorm. No. 18 is 
a blacksmiths’ shop, and 19 is a storing shed, 
cutting off a part of the locomotive spring shop. 
Finally, 20 to 23 are sheds and store-rooms. The 
various railroad communications in different parts 
of the works are clearly shown on the plan, as well 
as the junction with the main line of the Phila- 
delphia and Reading Railroad upon Pennsylvania 
Avenue. 

The thousandth locomotive was completed in 
1861, and in the fifteen years which have elapsed 
since that date, 2878 more have been built, the 
highest number being given to the last of 3 ft. gauge 
engines, which are working a part of the railway 
passenger traffic in the Centennial Grounds. The 
number of engines turned out by the Baldwin 
Works has of course varied greatly in different 
years, but the tendency has always been to increase, 
and the capacity of the establishment has also been 
gradually enlarged until to-day, no less than 500 
engines a year can be finished. In 1872 the number 
turned out was 422, and in 1873, there were 570 





No. 7 is a three-story brick building, 206 ft, 6in. 





ordered for delivery within the year, but the panic 


as a machine shop, the first floor being occupied as | p 


and the upper floor for the brass foundry. No. 12/ 


which in that year crushed all trade, and arrested 
affected the Baldwin Works, in common 
with all other industrial establishments, and only 
437 engines were built during that year, the order 
for the remainder having been cancelled or carried 
forward. Still this was a very busy season, more 
than one and a half locomotives a day having been 
completed throughout the year, and the amount of 
wages paid having amounted to 42,000 dols. a week, 
The two succeeding years were marked by great de- 
pression, and the amount of wages paid in 1875 fell 
to 6000 dols. per week. Now that business is again 
reviving throughout the United States, orders for 
locomotives increase, and employment is now found 
for about 1870 men. 

It may be interesting to note here the difference 
that has been effected in the price of locomotives 
during the past sixteen years. Wages have largely 
increased, the prices of iron remain about the same, 
but more costly materials are employed, and the 
weights of similar locomotives have been augmented. 
Then boilers were made of ,, in. plate, now # in. 
plates are used ; steel tyres 24 In. thick have replaced 
wrought iron tyres of 2 in. ; steel fireboxes are em- 
ployed instead of iron; the motion is made heavier 
and stronger ; the axles are of larger diameter; the 
frames have greatly increased in weight ; tanks then 
were made to hold 1500 gallons which are now in- 
creased to 2000 gallons. Yet the cost of the same 
type of engine now is 124 per cent, less than it was 
in 1860, in spite of all the increase in weight and 
cost of labour. The cause for this is to be found in 
the increased facilities which have been developed 
for the production of work, and in the system upon 
which the work is casried out. 

This system, commencing at the drawing office, is 
carried out through the whole works. 

Of course a very large number of t of engines 
have and are being built; but in very few cases does 
it happen that anything entirely novel has to be 
constructed, or any engine, the chief parts of which 
have not been made over and over again, either 
exactly the same or very slightly modified. And of 
course while every year certain changes occur in 
design, requiring that new patterns should be made, 
or old ones aitered, fresh sketches for forging got 
up and so forth, these modifications in accumulating 
increase the number of fresh combinations, and 
render the work for the following year more simple. 

For this reason very few drawings are made in 
proportion to the amount of work done, and in pre- 
paring the drawings of a new type, existing types 
are reproduced with only such alterations as may 
be necessary. As a general rule, therefore, the 
only drawing made fora new class of engine is 
confined to a side elevation, on which some of the 
leading interior parts are dotted. Upon every dif- 
ferent portion of this drawing a number is placed, 
corresponding either with the number of an existing 
pattern ofa new detail or of a sketch for the smiths’ 
shop. This being done, schedules are prepared of 
every different part of the engine for the use of the 
various departments, ‘Thus one schedule comprises 
every piece of cast-iron work in the engine. This 
schedule is headed with the name of the works, and 
blanks are left to fill in the number of engines, 
their character, date of order, &c. The sheet is 
divided into two parts, each subdivided into four 
columns. In the first of these columns is filled in 
the number of parts, in the second are printed the 
names of the various parts, in the third is inserted 
the number of existing patterns to be used, and in 
the fourth are entered remarks, references to altera- 
tion in patterns, new working details, and so forth, 
The whole of the cast iron parts are thus contained 
upon a single sheet, and from a prolonged practice 
the names of almost every part is thus filled in and 
printed. It happens, however, that from time to 
time new pieces are required, and these are added 
in writing to the schedule, and are printed upon the 
next new set made. It follows, therefore, that no 
one engine requires all the parts enumerated, and 
those not required are left blank and run through. 

In the same way a schedule of the brasswork is 
prepared, and the carpenters are referred to their 
special drawings. The system for forgings is some- 
what different. Similar schedules are filled up, but 
in place of patterns being referred to, the column is 
filled up with sketch numbers. For the boilers the 
foreman of the boiler-shop is provided with a book 
in which are printed the form, dimensions, types, 
&c., of the boilers he is to make, the requisite in- 
formation being filled up in writing. Then a card 
schedule is prepared, in which the numbers of the 





various cards—the use of which we will presently 
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explain—are entered. One of these is issued to each 
department, only that part being filled up referring 
to the special department to which it is sent. Then 
there are two more printed forms, one the so-called 
specification, and the other the “ finished” schedule, 
In the former of these every part of the engine is 
entered with the particulars of its materials, &c., 
finishing with the necessary information about 

inting aud finishing. Every one of these various 
senor: is carefully checked before it leaves the draw- 
ing-office, and copies are kept in bound volumes. 
Bound up also are large volumes containing drawings 
of different kinds of similar parts, wheels, motions, 
pistons, cylinders, pumps, &c. All these drawings are 
fully dimensioned, those sizes with are constant in the 
various types, thickness of plates, sizes of flanges, 
bolt holes, and so forth, being written in figures, 
and those dimensions which vary with each design 
being indicated with letters. Upon each sheet is 
added a tabulated statement of these various di- 
mensions, preceded in all cases by an index number, 
which indicates the special type. Every sheet, too, 
carriesa reference number corresponding to that of 
the shop card. There is necessarily a great accumu- 
lation of these volumes, which are used as standards 
of reference. 

Tracings or ordinary drawiugsarenota)lowed inthe 
shops, but in their place cards of every detail are pre- 
pared, These are not necessarily drawn to scale, but 
are for the most part copies of the drawings in the 
books of details, the system of figuring and lettering 
already described being repeated upon them, as well 
as the tabulated particulars. When any addition to 
these latter is made they are added to the card, which 
is varnished to preserve it fromdamage. They are 
kept in compartments under the charge of a clerk, 
alphabetically arranged, each compartment being 
provided with a manuscript index of the contents, 
and a slate, upon which the time when any one card 
is issued, and the department to which it is issued, 
is written. A complete check is thus kept, while 
upon another slate are entered the particulars of any 
card returned temporarily to the drawing-office for 
addition or alteration. 

The sketches for the smiths’ shop are arranged in 
a similar manner, only they are all drawn upon 
brown paper mounted on canvas, with every dimen- 
sion figured, but without strict adherence to scale. 
The small sheets upon which these sketches are 
prepared are all of the same size, and the paper on 
which they are drawn is tinted, because it is less 
easily soiled than white paper would be. A greater 
number of new sketches are made than of cards, 
because in making a forging it is of little conse- 
quence if any change in form or size be introdueed, 


. which is not the case in the foundry, and it often 


happens that such modifications are made, in order to 
save any change in existing patterns. 

The system of making alterations in existing 
patterns is also very carefully organised. For ex- 
ample, with the saddle forming a part of a given cy- 
linder casting, and the upper surface of which is 
curved to the radius of a given size of boiler: the 
pattern is so made that the outer half of the saddle 
is separate from the rest of the pattern, so as to 
facilitate drawing it from the sand. By substituting 
a new piece, the upper surface of which is curved 
to a radius corresponding with a larger or smaller 
boiler, the same pattern can be employed, the fit to 
the boiler being made good by sheng the chip- 
ping pieces, On the altered part of the pattern is 
placed a new number, which is recorded in the 
pattern-book, in such a way that either the original 
pattern, or either one of the new combinations, can 
be at once obtained and sent on to the foundry. 

The different schedules are distributed through 
the various departments, the foreman of each one 
of which can tell at once exactly what is required of 
him, and with the large facilities for completing 
work possessed by the Baldwin Locomotive estab- 
lishment, it can be carried on with remarkable ra- 
pidity. In the erecting shop, the system of cards 
is also employed, these being for this department 
of a very simple character, all parts being made 
with the utmost precision, so that they come to- 
gether atonce. The foreman of the painting and 
finishing shop consults the specification sheet for 
hisinstructions asto tiais partof the work. The former 
1s entered against the words ‘styles of painting,” as 
No, 3, or as 10, or any number up to 42. He would 
refer then to the index of his book of patterns, and 


find the eombinations indicated by the number re- | be 


ferred to, The colour of four parts governs the 
rest of the painting of the locomotive at the Baldwin 
Locomotive Works, the colours of the wheels, the 








sandbox, the cylinders, and the tender, These being | iro 


fixed the rest all follows according to fixed rules. 
Now there are forty-two different styles of painting 
at present in use at the works, and the number of 
course is always increasing. But most of the styles 
are produced by various combinations of the four 
parts just named. The reference book contains an 
index of all these combinations, and the book itself 
examples of wheels, cylinders, sandboxes, and 
tenders painted in their respective colours. So 
with regard to finish, the nature of which is indi- 
cated by a number as already explained. 

Before concluding this article we may explain 
that when the production of the Baldwin Locomo- 
tive Works began to increase, many years ago, and 
several types of engines were built, these types were 
distinguished by letters, as the A, B, C, D types, 
&c., and when slight modifications were made in 
them a figure was added to the reference letter. 
But in the course of time this kind of denomination 
became unservicable, because so many changes had 
been introduced into practice. A new system of 
reference growing out of the old one was therefore 
introduced, and is now in use at the works. By 
the old system, the letters indicated the number of 
driving wheels; thus, classes C, D, E indicated 
two, three, and four pairs of drivers respectively, 
but this became quite insufficient of identification. 
In the present system a prefixed number indicates 
the total number of wheels, another number the 
diameter of cylinders, while the same index letter 
refers to the number of driving wheels as in the old 
style. Thus 8—26—C would refer to an eight- 
wheeled engine having a four-wheeled truck, and 
two pairs of driving wheels, and a 16-in. cylinder; 
8—28—D would refer to a locomotive with three 
pairs of driving wheels, a two-wheeled truck, and 
17 ix. cylinder; 10—26—E would indicate eight 
driving wheels, a two-wheeled truck, and 16 in, 
cylinder, In engines built with a truck at each end 
a slight modification is introduced. Thus 8—22—4C 
refers to an engine with four drivers, and a two- 
wheeled truck at each end. The selection of the 
series of numbers to indicate the size of the cy- 
linders was influenced by the desire to continue as 
far as ible the use of certain serial numbers em- 
ployed before, aud which gave for cylinders )2 in., 
13 in., 14 in. diameter, and so on, the index numbers 
of 18, 20, 22, &c. 





FOREIGN AND COLONIAL NOTES. 

Gas at Paris.—In the first six months of this year the 
aggregate revenue collected by the Parisian Company for 
Lighting and Heating by Gas, amounted to 830,9371. This 
total exhibited an ae of 64,6631., or 7.78 per 
cent., as compared with the amount of revenue collected by 
the company in the first half of 1875. 


Railways in Spain.—A number of new lines have been 
submitted for ministerial approval in Spain. One of the 
new lines thus projected is that from Valladolid to Cata- 
layad, 1793 miles in length. This line, if carried out, will 
unite the Northern of Spain to the North-Western of 
Spain ; and it will be a bond of union between old Castille, 
Aragon, Catalonia, and Valencia. 


The Westphalian Iron Trade.—This trade is far from 
rosperous. Most of the local rolling mills are working on 
foreign account. The Bochum Company has orders on 
hand which assure it employment for the remainder of 
the year; this concern is working especially on Russian 
account. 

Bridging the Murray.—A deputation has had an inter- 
view with the Victorian Minister for Railways urging the 
erection of a bridge over the Murray at Howlong. The 
bri is estima to cost 80001., and the deputation 
pointed out that the New South Wales Government would 
probably consider the matter favourably. 


The United States Navy.—The United States Navy De- 
partment has issued an order for the stoppage of all work on 
some monitors now being built or al by the Harland and 
Hollingsworth Company, Wilmington ; Messrs. J. Roach 
and Son, Chester; Messrs. W. Cramp and Sons, Phila- 
delphia ; and Mr. J. F. Rowland, New York. This s 
was rendered necessary from the rather stern fact that 
Congress has not made any ‘‘appropriation”’ for the con-. 
tinuation of the works. 


Italian Commerce.— The tonnage movement of the 
principal Italian ports appears to have largely increased 
during the last 15 years. Thus this movement amounted 
at Ancona last year to 751,689 tons, against 372,749 tons in 
1861; at Brindisi to 771,096 tons, against 38,938 tons in 
1861 ; at: Genoa, to 3,109,800 tons, against 1,436,764 tons 
in 1861; at Leghorn, to 2,375,169 tons, against 1,673,219 
tons in 1861 ; and at Naples, to 2,923,922 tons, against 
1,603,875 tons in 1861. 

Bridging the Susquehanna.—A new iron span about to 
) 2 a iIre bridge across the Susquehanna at 
Havre de Grace will be 305 ft. in 1 


h, or 5 ft. longer 
than the one which it is to replace. 


he piles have been 





sunk through 90 ft. of water and mud to a rocky bottom 
foundation. Six of thirteen 


spans have been replaced by 


m, and gradually all the woodwork will be removed, so 
that the great bridge will be transformed into one wholly 
of iron on granite piers. 

Intercolonial Railway.—This line has now been opened 
Cepaghest. The time occupied in between Moncton 
and Riviére du Loup, a distance of 374 miles, is 21} hours, 
including stoppages. Not much local traffic has been deve- 
loped upon the Quebec portion of the line thus far, but the 
through traffic offering is stated to have surprised the most 
sanguine. 

The John Cockerill .—M. Sadoine has been 
elected director of this company in succession to M. Closset, 
deceased. M. Sadoine will continue to act as manager. 


Union Pacific Railroad.—The of the Union 
ific Rai Company in May, 1876, were 1,201,955 
dols. ; the working expenses were 501,067 dols.; and the 
profits 700,888 do The operating e diture for the 
month included 19,584 dols. for taxes and 74,105 dols. for 
steel rails. 
The Italian Navy.—The Duillo, an Italian man-of-war, 
carries some 100-ton guns. 


Railways and War.—All the railway companies of 
Austro-Hungary have, like those of France and other 
countries, now made arrangements for supplying a 
for the conveyance of the wounded in time of war. C) 
total number of carriages which are to be available for this 
purpose is 600, forming 24 trains. 

The Mississippi.—Captain Eads has appeared before the 
House of Re Panuialiaas Committee on Commerce and 
has explained to the Committee the yoegman which has 
been made in his jetty work at the mouth of the Mississippi. 
—— * age has shown that his operations are eminently 
successful. 


The Seine.—Important works are under discussion for 
the improvement of the Seine. It is proposed to secure 
12ft. draught of water from Rouen to Paris. The total 
cost of the works in contemplation is estimated at 960,0001., 
= —_ execution is expected to extend over five years at 

east. 


Uniform Time in Paris.—A project for the establishment 
of clocks indicating, by means of an electric wire, exactly 
the same time in all quarters of Paris, is stated to have been 
advanced a stage. 


American Telegraphy.—An effort is being made to sécure 
the laying of a submarine ph cable from the western 
coast of the United States to Asia. A bill favouring such 
an enterprise passed the United States Senate a short time 
since, but it has been recalled from the House of re- 
sentatives for further consideration. It is stated that, 
under present arrangements, a message from the Pacific 
States to China; Japan, or Australia has to travel 25,000 
miles in order to reach its destination, with corresponding 
cost, while if the proposed cable is laid the distance will be 
reduced to 6000 miles, and the cost of communication will 
be reduced also at least 60 per cent. 

Coal at Boston (U.S.).—There has been little change in 
the Boston coal trade. The demand for Nova Scotian coal 
continues limited. 

A Telegraph for King George’s Sound.—A telegraph 
wire has been completed from Port Lincoln and y 
Bay ; the line has also been surveyed to Eucla. The line, 
ee will connect Adelaide with King George’s 

ound. 


~ Tours Tramways.—A network of tramways to be 


worked by horses has been conceded at Tours. The net- 
work thus authorised has been conceded to M. de la Hault, 


Deniliquin and Moama Railway.—A trial trip bas been 
made over this new Australian line atas of 30 miles 
per hour. Mr. Green, C.E., of the Victorian Government 
railways, who recently sapeoil the line, came to the con- 
clusion that 60 miles per hour could be run over it with 
safety. The length of the line is 45 miles, and its cost thus 
far has been something under 120,000/., that amount in- 
— stations, officers’ dwellings, a tempo bridge 
over the Murray, rolling stock, &c. Additional ro and 
some more station buildi are expected, however, to 
cpety the capital account to 135,000l. before the close of 
the first year’s traffic. 

Belgian Coal Imports.—The ieaperte of coal into Bel- 

ium in the first six months of this year amounted to 

,000 tons against 326,000 tons in the first half of 1875, 
and 166,000 tons in the first half of 1874. The imports of 
coal into Belgium have thus more than doubled during the 
last two years. In the first half of that year 83,000 tons of 
coal were imported into Belgium from t+ Britain, the 
ng scl imports in the first half of 1876 were 182,000 
ons. 

New Brunswick Railways.—Operations on the Albert 
Railway in New Brunswick are being carried on with 
e , and at the last dates upwards of 30 miles had been 
grade. Trains are expected.to be running to Hillsboro’ 

yy November 1. 

Eaports from Philadelphia.—The value of the exports 
from Philadelphia in the year ending June 30, 1876, 
amounted to 40,254,075 dols., showing an increase of 
11,666,056 dols., as compared with the year ending June 
80, 1875. In last year’s exports Great Britain and Ireland 
= for no less than 23,912,366 dols., or more than ono 


Seomenionn Dene e works of ee amd Tas- 
manian Iron y are now in o ion. outpat 
is said to be already somewhat couslioainle. : 
German Canals.—The German Central Association for 
the Promotion of River and Canal Navigation is endea- 
vouring to secure the construction of a canal to facilitate 
communication 
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DETAILS OF MEKARSKI’S COMPRESSED AIR TRAMCAR. 


Fig. 6. 
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As long ago as the year 1850, M. Andraud experimented 
on the Versailles Railway with a locomotive driven by com- 
Pressed air, and between that time and the present this 
system of working has been frequently revived without so 
far ever having attained any extensive development. Of 
late years attention has been more than ever directed to the 
use of compressed air for locomotive power, the object in 
view being to obtain an engine specially adapted for use on 
street railways or tramways; but notwithstanding the ex- 
periments which have been made, none of the plans proposed 
have yet been tested on a sufficiently extensive scale to 
thoroughly prove their practical value. It is true that in some 

ces, as at the St. Gothard Tunnel, compressed 
air locomotives have been employed for regular service, but 
even at the St. Gothard works sufficient data have not yet, 
80 far as we are aware, been collated to enable the cost of 
working to be fully ascertained, while the circumstances 
under which the compressed air are there used 


engines 
pln de existing in the case of ordinary 
The difficult‘es to be overcome in the application of com- 
pressed air to the working of tramway engines are by no 





means few, and about four years ago (vide pages 145 and 
249 of our thirteenth volume), we pointed out some of 
these difficulties and expressed our opinion as to the manner 
in which some of them would have to be dealt with. We 
then stated that in order that a store of compressed air 
should be employed economically, heat ought to be supplied 
to it either before or during its expansion in the cylinders of 
the engine, and we suggested the application of hot-water 
jackets to the cylinders and to the pipes conducting the air 
to the cylinders. Recently an engine embodying these 
principles has been tried at Paris, and of this engine we now 
propose to give some account. 

The engine, or rather tramcar, in question, is one de- 
signed by M. Mékarski, and we give engravings of it on 
page 142, while on the present page we give a view of a 
detail which we shall describe presently. Like ourselves, 
M. Mékarski appears to have arrived at the conclusion that 
if air is to be used economically for locomotive purposes it 
must have heat imparted to it either during expansion or 
prior to its admission to the cylinders, but instead of employ- 
ing a hot-water jacket M. Mékarski contrives to impart 
this heat by mixing the air with a small proportion of 





steam, the mixture being effected by causing the air to 
bubble up through hot water on its way to the engine. The 
steam thus mixed with the air can of course give off heat 
to the latter during its expansion, the steam itself being 
thus condensed and the water formed serving as a lubricant 
in the cylinders, and assisting to keep the packing of st 
boxes, &c., in proper order. The system of heating thus 
adopted by M. Mékarski appears to us a very promising 
one, and we hope hereafter to be able to analyse its practical 
results ; at present, however, we are not in possession of 
sufficient data to enable us to do this, and we must, there- 
fore, content ourselves by describing the mechanical details 
of the arrangement we illustrate. 

As will be seen from the engravings on page 142, M. 
Mékarski’s tramcar is a four-wheeled vehicle capable of 
carrying 18 passengers inside, 22 on the roof, and 6 on 
the rear platform, making a total of 45. The length of 
the body is 13 ft. 14 in., the width outside 7 ft. 2§ in., and 
the height 6 ft. 6$in. The total length of the vehicle 
over platforms is 20 ft. 6 in., and the wheel base is 5 ft. 
7 in.—an extremely short wheel base considering the amount 
of overhanging weight. In fact this short wheel base 
appears likely to render the vehicle very destructive to the 
permanent way. 

The supply of compressed air is stored at a pressure of 
25 atmospheres in a series of thirteen cylindrical reservoirs 
A A, situated under the floor of the vehicle as shown in 
Figs. 1 and 2. As will be seen from the last-mentioned 
figure, the reservoirs are of different lengths, the shorter 
ones being 15 in. and the longer ones 13.78 in. in diameter. 
The reservoirs are made of charcoal iron 0.256 in. in thick- 
ness, and are made with rivetted joints, these joints being 
in some cases also soldered to insure perfect tightness. The 
reservoirs are connected by coiled pipes arranged as shown 
in Fig. 4, this arrangement being adopted to provide some 
elasticity and prevent the connexions from being broken by 
the vibrations occurring on the road. The total contents 
of the reservoirs is about 70 cubic feet, but they are divided 
into two series, one series including three-fourths of the 
whole capacity, constituting the working reservoir, while 
the other fourth forms a reserve which can be utilised if 
the necessity should arise. 

By means of two pipes /,f (marked X and U in Fig. 6), 
the air 1s led either from the main series of reservoirs or 
from the reserve, to the distributing cock R', through which 
it passes into the heating vessel B. This vessel, which 
has a capacity of about 34 cubic feet, is placed in a vertical 
position at the front end of the tramcar as shown in Figs, 
1 and 2, and it is filled for about three-fourths of its height 
with water charged into it at a temperature of about 
820 deg., this temperature corresponding to a steam pressure 
of 75 lb. per square inch. The supply of hot water is 
charged in through the cock R’, Fig. 6, while to the cock 
R? shown in the same figure is attached the pipe through 
which the supply of compressed air is furnished to the re- 
servoirs. 

The air delivered into the heating vessel from the reser- 
voirs is discharged at the bottom of the heater and bubbles 
up through the hot water, thus becoming, to a greater or 
less extent, charged with vapour. From the top of the 
heating vessel it passes off through a reducing valve E, 
this arrangement consisting of a couple of chambers C and 
E separated by an india-rubber diaphragm, the movement 
of which actuates the reducing valve. The underside of 
the diaphragm is exposed to the pressure of the air on its 
way to thecylinders, while the upper side is exposed to the 
air in the chamber C, which air can, by means of a piston 
and screwed piston rod, actuated by the hand wheel V, be 
compressed to the desired extent. The greater the pres- 
sure of the air spring thus formed, the greater is the pres- 
sure of the air supplied to the cylinders, and vice versd. 
The three pressure gauges shown in Fig. 6 show the pres- 
sures existing in the main and reserve reservoirs and in the 
chamber E communicating with the cylinders. 

The cylinders M are fixed outside the frames, and their 
pistons are connected direct to outside cranks at the end of 
the leading axle. The distribution of the air is effected by 
ordinary side valves and link motion, and provision is 
made for the engine being worked in reverse gear when 
running down an incline, the cylinders then acting as air 
pumps and the air delivered by them passing into the 
auxiliary reservoirs L L, (See Figs. 1 and 2). 

The tramcar we have described has been tried upon 
the Courbevoie tramway at Paris, and it is stated to have 
run abont 4§ miles with its full load without being re- 
charged, and the expenditure of air is calculated at about 
11 cubic feet, at a pressure of 25 atmospheres per mile. 
The Courbevoie line is, however, a favourable one, and we 
are as yet without any such specific information as to 
weights carried, gradient of line, speed, &c., as would 
enable us to form a just opinion of the value of the results 
obtained. We hope, however, in due course to have 
these data, and we shall then return to the consideration of 
Mékarski’s arrangement of compressed air locomotive and 
discuss its principles more fully, In the mean time we 
should state that we are indebted to our contemporary the 
Portefeuilie Economique des Machines for the illustrations 
which accompany the present article, 





Bg.Gian Steet Exports.—The of steel from 
— have declined this year. oy tg ag to June 30, 
to 1700 tons, as compared with 4300 in the first half of 





1875, and 2400 tons in the first half of 1874, 








144 ENGINEERING. {Aua, 18, 1876, 
LEVELAND AND THE ved. While this work and it must, be-| the “‘estimated further expenditure” sidi + vari 
ited —** pe cause it is « good investment for spit slow but certain ions and extensions of the block tysien wil cut 


The Cleveland Iron Market-—¥. = rs Sety 
_ was 
ye ve tiiidiebeone®. The 


Orders be obtained. In the mean time 

heavy establishment charges are 

— of employers and shareholders in iron works are very 
vy. 

The Affairs of Thomas Vaughan and Co.—To-day 
(Ww y) a meeting of creditors and others interested in 
the affairs of Thomas Vaughan and Co., the owners of 
ironstone mines, blast furnaces, works, and collieries, worth 
about a million of money, is being held at Darlington. The 


é 
F 





real position of the gigantic un i of this firm will 
be best understood ty a perusal of the official circular, 
which we a as follows : 

“Ata and influential ing of creditors of 
Thomas a and Co., held at Middlesbrough, on 
‘Tuesday the day of August, 1876, the following reso- 


lutions were unanimously adopted, namely : 1. Resolved, 
.» be appointed chai of the 


meeting. 

‘The chairman explained the proceedings since the last 
meeting of creditors held at York on the 20th of July. 

“ Mr. Dodds explained the heads of the suggestions for 
os of arrangement as proposed by the representatives of 
the banks. 

‘* Mr. Dale further explained the past negotiations and 
~ 2. Resolved, that! E proposed t for placing 
" \ the arrangement for i 
the of the firm in the hands of trustees for the 
general benefit of all interested therein be approved 
subject to the details being settled to the satisfaction of a 
committee appointed on be of the unsecured creditors, 
and that such creditors be invited to their general 
approval of such arrangement accordingly, and to unite in 
endeavouring to — the acquiescence therein of all the 

creditors of the firm. 

**3. Resolved, that the committee appointed at York on 
behalf of the unsecured creditors, namely, Messrs. David 
Dale, Emerson Muschamp Bambridge, George Dyson, 
7 Tennant, and John; Rogerson, with the addition of 
Mr. Henry Smith Stobart, be requested to continue their 
services and to assist in maturing and completing the pro- 


posed arrangement. 
**Tgaac WILTON, Chairman.” 
(Copy of memorandum weno by creditors present a 


meeting. 
‘* * Middlesbrough, August 8, 1876. 

Ppa the sedecel ed — “? omas Vaughan 
an mpany, having heard proposed arrangement for 
vesting the rty of the company in the hands of 
a for the Peas — = interested, 
¢ to express our ry tion, sub- 
ject to the details being ed £0 the. satisfaction of the 
committee appointed on behalf of the unsecured creditors : 
E. M. Bainbridge and Partners; Elm Park Colliery, per 
E. rae East eat Colliery, per E. M. B.; East 
Castle Colliery, per E. M. B.; Joseph Pease and Partners ; 
William Spencer and Co.; Hogg aud Henderson; the 
North Bitchhurn er nee, f - H. 8. ‘Stobart ; 
J. P. Hornung. For t don Coal Company and 
Middle Bitchburn Colliery Com: » George Pears; John 
Morrell ; Bearpark Coal and Co! mpany (Limited), per 
Georgé Dyson ; Swan, Coates, and Gos; Gites, Wilson, 
Co., per Isaac 


7 Isaac W. 
man; the Lackenby Iron Company, T. L. Elwon; J. W. 


and Co. ; I’Anson, Armstrong, and Co. ; Thomas 7 


’* " 


f 

At the time we write no information respecting the meet- 
ing in lingto m has been received here, It has been 
stated that if Messrs, Vaughan’s affairs were not arranged 
several firms in the Cleveland district would fail to meet 
their engagements. Whether the affairs of this big firm 
be arranged or not other firms will unfortunately be in 
difficulties before the end of this month. Indeed we know 
that the bills of one firm—the owners of blast furnaces in 
the Cleveland district-- were this week returned. All 
kinds of rumours are in circulation, and the names of firms 
who are unquestionably in a thoroughly sound state are 
en of as. being in ‘a shaky condition, _In exciting times 

e these such rymours are common. It is » how- 


ever, tliat by the end of this —. or next month at the | hee 


furthest the worst news that can knowi: of Cleveland 
will be known. Arrangements will then be made to deal 
with the difficulties which are anticipated. §truggling on 
under well-known financial reverses and the most damaging 
ramours, the contradiction of which by ‘‘ kept’’ newspapers 
ddopeen ingunind, tevech otan teens nated 

just now is a very trying o ; 
Those who seck to disguise the truth are the enemies of 
the district. The time for patching up weak firms has gone 
by. It will be well to know the worst. Before the physician 
can prescribe for the patient he must know the real nature 
and extent of th dens. When that knowledge shall 
iron-pro- 


have veen ascertained with respect to the 
dueing distriet in the world the remedy will be 

The rich mineral treasures of that splendid range of hi 
on the south-east of Middlesbrough can only be gradually 





reparation for be m: The demand 
for railways and all their accessories will be ter than 
ever, and Cleveland with its enormous na‘ advantages 
can and will successfully compete with any district in the 


--) | country 


Engineering and Shipbuilding.—In those industries, 
owing to the general depression in trade, there is far from 
that activity which is desirable on the northern rivers. 


Visit of Cleveland Engineers to the Tay Bridge.—On 
Wednesday of this week a large party of the members of 
the Cleveland Institute of Engineers accepted an invitation 
issued by Messrs. Hopkins, Gilkes, and Company, the con- 
tractors, to pay a visit of i ion to the Tay Bridge. 
The party included Mr. T. Wrightson, president, Jere- 
miah Head, vice-president, and Angus Macpherson, secre- 
tary of the Institution, Mr. Edward Williams, Mr. John 
Jones, Mr. Edgar Gilkes, Askwith, Darlington, Mr. Ander- 
son (Head, any and Company), Mr. Macnay, 
Shildon, Mr. Outhwaite (Hopkins, Gilkes, and Company), 
Mr. Paterson, C.E., resident — Mr. Grothe, manager 
of the bridge works, Provost Robertson, of Dundee, &c. 
and numbered in all about seventy. Embarking on board 
the steamship Forfarshire, the party were taken direct 
through one of the highest arches of the bridge, at the 
height of about 85 ft. above high-water mark, to the Fife- 
shire side of the Tay, where they disembarked, and were 
shown the mode of constructing the caissons, piers, and 
girders, while a number of the more adventurous went on 
to the bridge and saw the laying of the permanent way. 
In the course of the forenoon a caisson was floated 
out between two ba: to its position in the centre of the 
river, to be lowe into its position. The steamer next 
proceeded up the Tay towards Perth, and luncheon was 
provided on board by the firm of ._e Gilkes, and 
Company, under the presidency of Mr. Gilkes. After 
dinner a number of toasts were proposed and honoured, in- 
eluding the iron trade of Great Britain, the Tay Bridge, 
Hopkins, Gilkes, and Company, the Cleveland Institute of 
— &c. A full report of the proceedings will appear 
next week. 


=————————————___==j= 
NOTES FROM THE SOUTH-WEST. 

Working Hours on the Taff Vale.—The workmen em- 
ployed on the Taff Vale Railway under the nine hours’ 
— have received from the general manager a notice 
that a reduction in wages of 10 per cent. will be enforced, 
unless a majority of them are willing to work 58} hours 
instead of 3h, in which case the reduction will not be made 
‘at present.’”” The men have held meetings on the sub- 
ject. 


Swansea Tramways.—At the half-yearly mae 6 the 
shareholders of the Swansea way Company when the 
addition of the report of the directors, stating the progress 
— — ~ with the a was —- Mr. 

ndrew Davies pro; an amendment urging the rejec- 
tion of the report, and calling upon the Board to dispense 
with the services of a managing director and a London 
solicitor, and to appoint a local engineer in place of two 
engineers who are at present attached to the company. 
After a discussion the amendment was withdrawn ; but the 
original motion was afterwards lost by 18 votes to 17. 
When the proxies were taken into account, however, there 
were 205 votes for the report and only 10 against it. 


Tredegar Water Supply.—It is the intention of the 
Tredegar Iron Company to enlarge the present reservoir 
near the union, so that a puis quantity of water can be 
stored in the event of such another season as the present. 


Avonmouth Docks.—An extensive landslip has occurred 
at the Avonmouth Docks, which are ae comple- 
tion. The warehouses on the quay have carried away, 
— altogether great damage is reported to have been 

one. 

Welsh Trade Matters.—Trade prospects in the Welsh 
anthracite district appear to be improving. At the Bish- 
well Pit, Gower-road, work is to be resumed, and the men 
at the Gorwydd Collieries are fully employed. The pud- 
dling, forge, and tin works at Brynamman have been re- 


Holyhead Harbowr.—The enlargement of the inner 
harbour at Holyhead has made rapid progress during the 
last few months, and of the 450,000 cubic yards of excava- 
tion to obtain the required depth of water 150,000 yards 
have been removed. Of the 800 lineal yards of quay wall, 
290 are in course of construction. The new graving 
dock has also been commenced. 


NOTES FROM SOUTH YORKSHIRE, 
2 xi SHEFFIELD, W: : 
New Sidings at Manvers’ Main Colliery.—At the new 
phe eye Deg wee ees AN A nena 
i on way, recent! 
n so greatly enlarged that walcasive ter aphane bane 
just been put down between the pit and the railway. 


The Bradford Water Works.—The Corporation of Brad- 
ford are about to construct a large sto: reservoir, with 
an embankment 525 yards long and 125 ft. high, at Upper 
Barden, for improving the town supply: 

Expenditure on Local Railway Im ts.—The 
report of the Manchester, Sheffield, and Lin colnshire Rail- 
way Com shows that during the half there have 
been expended in local alterations, &c., the ‘ing sums : 
Land at Sheffield, Handsworth, Wombwell, &c., 61,218. ; 
Sheffield, Woodhouse, , Silkstone, Wombwell, &c., 
stations, 31,573/.; sidings at Hexthorpe,. Deepcar, &c., 
23,0901..; extension of block. and i i i 








and junctions 57214. ; wideniog. the 5 ing the South Yorksksre line, 
and ’s cottages, 35641. In 


branches, &c., 21,3151. ; 





stations 
80,0007., and the wor of the Chapel: 
borough branches, 30,000 

The ry oy Tramways 0 any.—The half- ly 
report of the directors of this company shows a oon ie 
that period of ie a dividend at the rate of 6 per 
cent. for the year. company have now 113 horses, 12 
double cars, and 8 single cars, with 53 miles of double tram- 
way. They propose to proceed at once with the Netter 
Bilge, Hillsborough, and oder lines, which will cost about 


Northfield Iron and Tyre Company.—The annual report 
of this company shows a net profit of 1331. only, owing to 
dulness of trade and increase of foreign competition. A new 
9-in. guide and hoop mill has been laid down, and is now 
complete, in addition to various other improvements. 


New Bridge over the Don at nen ier eel Maysi | the 

t increase of road traffic between Parkgate and Rother- 

m of late a new iron bridge, to cost about 6000/., is being 

erected over the river Don at Eastwood, the cost being 
borne by the Retherham Corporation. 


The Coal Trafic by Railway to London.—During July 
the Midland Railway Company carried 124,561 tons, and 
the Great Northern 55,504 tons from South and West 
Yorkshire and North Derbyshire to London. Derbyshire 
was, as is always the case, the principal contributor to the 
Midland total, the Clay Cross collieries alone frequently 
sending 2000 tons daily. The Great Northern extension 
will doubtless divert some of this traffic. 


BOOKS RECEIVED. 

Handbook of Rural Sanitary Science. By G. F. Garp- 
NER, WILLIAM BERRY, C. N: CRESSWELL, and Tomas 
HENNELL. Edited by Lory Marsu, M.D. London: 
Smith, Elder, and Co. 

The Warfare of Science. By ANDREW Dickson WHITE, 
LL.D., President of Cornell University. With a Pre- 
faratory Note, by Prorzsson TyypaLu. London: H. 
8. King and Co. 

Sanitary Workin the Smaller Towns and Villages. By 
CHARLEs SiaGcG, Assoc. Inst. C.E. London: Crosby 
Lockwood, and Co. ice ae 

Annual ort of the Chief of Ordnance to the Secretary 
of War or the Fiscal Year ey ge 80th, 1875. 

ce. 


ee Government Printi 
A Compr ive Treatise on the Water Supply of Cities 


and Towns, with numerous Specifications of Existing 
Water Works, fifty Double Plates, and upwards of two 
hundred and fifty Illustrations on Wood. By WILLIAM 
Humser, Assoc. Inst. C.E. London: Crosby Lock- 
wood, and Co. | Price 61. 6s.] 
Plumbing : A Text-Book to the Practice of the Art or Craft 
A a Plumber; with supplementary Chapters upon 
ouse Drainage, embodying the latest Improvements. 
By Wriuu1am Paton Bucwanan. London: Crosby 
Lockwood, and Co. [Price 3s. 6d.] 
a of Construction and Efficiency of Water Wheels. 
By . Donatpson, M.A. London: E. and F. N. 


pon. 

Practical Treatise on the Construction of Iron Highway 
Bridges for the use of Town Committees. By ALFRED 
P. Botuer, A.M. New York: J. Wiley and Son. Lon- 
don: Triibner and Co. 

Wood Conversion by Machinery. — By J. RicHarps. 
London: J. and W. Rider. [Price 3s. 6d. 

Elements of Physics, or Natural Philosophy.—By Nreu 
Arnott, M.D., LL.D., F.B.S. Seventh edition. Edited 
by ALEXANDER BAIN AND ALFRED SWAINE TAYLOR. 
London : Longman, Green, and Co. 


Water Prezs ror Bompay.—The contract for the 
18,000 tons of cast-iron pipes required for the Bombay 
Water Works has been let to Messrs. Laidlaw and Mac- 
laren, of G w. We may add that Mr. John R. Manning 
has been appointed the engineer in England to the munici- 
pality of Bombay. 


Hupson River TuNNEL.—Active preparations are now 
in progress for the construction of the Hudson River 
tunnel on the Jersey shore. The entrance to the tunnel is 
located on Jersey Avenue, near Fifteenth-street, and the 
excavation will be carried in a north-easterly direction, 
terminating in Washington Square, New York. The tunnel 
will be two miles in length, and it is calculated-the cars 
will through it in three minutes. The road bed will 
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We beg to announce that we have —_— Messrs, Miller and 
Smith, 43, Exchange Piace, New York, the sole agents for 
ENGINEERING in the United States, and all subscriptions for the 
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THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr. Joun Bocart, the 
Secretary of the Society of Civil Engineers at the Cen- 
tennial Exhibition, will, until the close of that Ex- 
hibition, act as the representative of ENGINEERING, and 
communications relating to editorial matters may be 
addressed to him either at the Soctety of Civil Hngi- 
neers’ rooms at the Main Building of the Exhibition, or 
at1100, Girard-street, Philadelphia. 
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THE THUNDERER EXPLOSION. 

THE adjourned inquest on the Thunderer ex- 
plosion was opened again on Tuesday morning at 
the hospital at Haslar. It having been announced 
by the daily papers that the engineering evidence 
was not to be ready before next week, the pro- 
ceedings ceased to be of general interest, only 
medical evidence as to the deaths of forty-four 
of the sufferers being taken. This of the in- 
quiry will be completed this week, and on Mon- 

ay morning the engineering evidence will be 
begun, The delay has not been caused by the Ad. 
miralty or the contractors, both being anxious to 
have the matter settled. The testing of the safety 
valves has principally occupied the inspectors until 
now. The setting fast of the safety valve by the 
unequal expansion of the brass valve and the cast- 
iron valve box has been now repeatedly verified in 
the case of one of the uninjured valves. The others, 
when tried under conditions identical with those 
for which they were constructed, have as yet all 
been operative at the loaded pressure. They are 
now testing these safety valves on one of a range 
of factory boilers and noting the pressure at which 
each valve lifts; only one valve being free to rise, 
the others being fastened down. Mr. Fletcher has, 
we understand, arranged for the completion of 
these and other tests before the engineering evi- 
dence is presented, so that there will be no possi- 
bility of doubt on any important point in the ex- 
planation of the explosion. Mr. Bramwell, on behalf 


Parker for the contractors, were, we understand, 
ready to give in their reports on Tuesday. Mr. Bram- 
well is not now attending the experiments ; he left 
on Friday last, and is at present represented by his 
assistant, Mr. H. G. Harris, whois, with the others, 
carefully noting the results of theexperiments, Mr. R. 
Thompson, senior inspector of the Manchester Steam 
Users’ Association, is with Mr. Fletcher, and seems 
to be doing most of the real work of inspection and 
doing it well. The chairman of the Boiler Com- 
mittee of the Admiralty, Captain Murray Aynslie, 
C.B., is attending all the onperenente and will pro- 
bably be also a witness, Mr. Phillips, also on the 
Boiler Committee, is with Captain Aynslie, and at 
the first examination of the explosion Mr. Tookey, 
of the Boiler Committee, was also there. 
The steam gauges of the other boilers of the 
Thunderer were tested on Tuesday. They were all 
fairly in order. The test was principally to ascer- 
tain at what pressure the gauge would become 
deranged, and whether the index finger could pass 
the zero pin, Ata little above double the working 
pressure the pinion is-put out of gear with the 
uadrant, and in some of the gauges the fingers pass 
clear of the pin, so that if the gauge of the exploded 
boiler had been deranged by over pressure on the 
morning of the explosion, the boiler must have 
sustained a steam pressure at least double that of 
the working pressure. 
These steam gauges have all close dials, There 
are many gauges now made with open dials, a clear 
opening being left in the centre of the dial of sufficient 
size to show the works of the gauge, If the gauges 
of the Thunderer had been of that description it 
would have been seen at once what was wrong 
with it. 
The box made to represent the frout of the ex- 
ploded boiler at the part where it exploded has been 
several times burst by hydraulic pressure, under 
different conditions of staying, at about 3} times the 
working pressure, sometimes a little less, sometimes 
alittle more. Anew box is now being made to more 
nearly resemble the exploded part. ‘The uptake 
forming in the boiler one part of the back of the 
exploded chamber, it is a difticult thing to reproduce 
precisely the same conditions of staying in a box 
having both sides continuous, as they of necessity 
must be in the experimental box. 
The results of these screwed plate staying ex- 
periments will be of considerable importance to 
boiler makers, for there has never been any good 
set of experiments of this kind before. We are in- 
formed that the late Mr. Humphrys, the father of 
of the present contractors, did conduct extensive ex- 
periments to ascertain the strength of such stayed 
surfaces, and that the Thunderer’s boilers are stayed 
in accordance with his conclusions, and that the 
other boilers in Her Majesty’s Navy made by 
Thames engineers are in this respect much the 
same as the Thunderer's, 
The stays in question are those shown on the 
engraving of the boiler at page 121 of our last issue, 
the two horizontal rows of holes on the uptake. They 
are ]j in. in diameter and are screwed ten threads to 
the inch. The stays in the experimental box are nine 
threads to the inch, we donot know why. There are 
several rules in vogue for such stays. The Board 
of Trade instructions, which have been so severely 
criticised by the Clyde engineers, contain the 
following rule applicable to these stays, The work- 
ing pressure to be allowed per square inch is not 
to exceed 
36 (thickness of plate in sixteenths, +1)? 
area of surface supported by each stay, —6 
when the plates are exposed to the impact of heat 
or flame with steam in contact with the plate. In 
the exploded boiler the screwed plate was specified 
to be half-inch, and the area supported by one stay 
varies from, say, 220 to 270 square inches 
6 6+1%_14 
270 —6 , 

The d.fference between 11 and 30 is very great, 
and as the exploded boiler is said to be a fair sample 
of the standard navy boiler, we have here a capital 
test of the Board of Trade instructions to their 
surveyors, We suggested in a recent article that 
the Admiralty ought to make the experiments that 
are supposed to be wanted yet to settle such debated 
formulz in boiler construction, and, in a way we did 
not contemplate, we find them compelled to do so 
at the very time when the points in doubt are under 
the criticism of the Clyde engineers. 

When the stayed plates are in contact with 








of the Admiralty, and Messrs. Bourne, Hide, and 


water, 60 is to be substituted for 36 in the above 
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formula. For the dimensions above stated, the 
resulting pressure would in that case be: 

60 8 + 1)? 19} 


270-6 
As the factor of safety on which the Board of Trade 
rules profess to be constructed is six, the bursting 
ssure of the experimental box should be | x6= 
11 lb. per square inch when tested by hy raulic 
pressure, or nearly that, unless the Board of Trade 
instructions are as absurd as the Clyde engineers 
say they are. The result of this testing should 
therefore go a far way towards settling the dispute 
between the Board of Trade and the Clyde engineers, 
No doubt the latter will make the most of these ex- 
periments to substantiate their statements, and we 
sincerely hope that the next testing will run up to 
180 lb., before bursting. 

The delay in the engineering evidence is, we 
think, unnecessary for the object for which the 
coroner’s jury has been constituted. It is pretty 
well understood by the public that the boiler burst 
by there being for the time no proper outlet for the 
steam, If the strength of the boiler is a de- 
termining element in the cause of the death of the 
men, by all means have the boiler strength put in 
as evidence. But if the abnormal state of the valves 
is palpably sufficient to account for an accumulation 
of pressure sufficient to burst the boiler, although it 
had been twice as [strong, there is no good reason 
why a jury composed of three tailors, two drapers,. 
and so on, should be asked to stop their own 
business for weeks that the nation may have the 
benefit of their opinion on the sama style of con- 
struction of the boilers in the Navy. 

If the boiler had been twice as strong the ex- 
plosion would in all probability have been much 
more disastrous. Not only would the steam have 
been at a higher pressure in that boiler, but in all 
the other boilers the pressure would also have been 
greater, and in that case probably those in the 
engine-room would not have escaped, and it would 
have been impossible to have closed the stop valves, 
The coroner, Mr. E, J. Harvey, is also the Ad- 
miralty law agent, and in that capacity he may very 
well continue as president of the scientific inquiry 
into the strength of the boiler after the jury have 
given in their verdict and have been dismissed to 
their more familiar occupations. A coroner might 
with equal reason direct experiments to be made to 
test whether the quality of a Colt’s revolver that had 
been proved to have been the instrument of death 
was what it ought to have been at the price, 
as to add on a scientific inquiry and explosion com- 
mittee to the duties by law devolving upon these 
seventeen honest tradesmen who are appointed to 
find out how forty-five men were killed, and not to 
discover how it was that so little damage was done, 
or that any at all-escaped, ; 

The investigation would be of more value to*the 
nation if the course we suggest were adopted. If 
the’ jury satisfy themselves that the cause of death 
was the explosion and that the explosion was due 
to the condition of the valves, the cause of the death 
of the men will then be in the very narrow compass 
—why were the valves so?—and the answer to 
that cannot possibly be a question of the strength 
of the boiler. : 

It is an accident of the explosion that certain 
points in boiler construction are seen to be desery- 
ing of further consideration, and we trust that the 
experimental inquiry may be prosecuted to the 
settlement of every doubt, but it is wrong to handicap 
the intelligent engineers who are engaged in the in- 
vestigation with an official partisanship from which 
the most honest cannot wholly divest themselves. 
A fortnight ago the Master of the Rolls said in 
reference to the evidence of engineer experts on a 
patent, ‘In such a case the court must disregard 
the evidence of experts, which was universally and 
necessarily contradictious, having regard to the 
process by which it was obtained. It had been 
suggested that a judge should be assisted by his 
own expert. But the difficulty in such cases must 
always be where to find the proper person, The 
chances are that the selected man would at one time 
or another have previously been called upon for an 
opinion by one or other of the parties or their 
solicitors. In any case, the expert, though acting 
with the greatest honour, had as a rule an instinc- 
tive bias. The amount of expert evidence adduced 
on either side was moreover no test, for it was 
notorious that though a party might take innumer- 
able opinions he only brought forward those which 
were favourable to his case.” 





There will be in the present inquiry no occasion 
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icti ineeri id if the question | the cock on the discharge pipe in the stokehole before | what had happened. Upon examination it appeared 
ae eee atenus i doth, taf BD he ti to him that the exit from the chamber must have 


be confined to the cause of death, but if it be ex- 
tended to comprise the whole theory of boiler con- 
struction and factors of safety there will be much 
contradiction, and the three tailors and their four- 
teen co-jurors will be compelled to decide by the 
dress and address of the witnesses, for the subject- 
matter will be to the majority of them their first 
lesson in mechanics. 

There is one important i that ought to be 
answered at the inquest, Why were so many men in 
the stokehole at the time of the explosion? Let 
evidence be taken as to the number of men in the 
stokeholes of the Atlantic racing steamers where 
the whole voyage is one race for eight days at a 
stretch. Every man more than the necessary staff 
is one man unnecessarily exposed, for thereis always 
some risk at the trials of complex systems of steam 
connexions. It is asserted that one-third of the 
number taken to the hospital would have been an 
ample complement for one watch, 

The course of the proceedings at the inquest next 
week will probably be that Mr, Fletcher’s prelimi- 
nary report will be handed to the coroner on Monday, 
the engineer evidence of those present at the ex- 
plosion will then be taken, and then Mr. Bramwell’s 
report will be read by him, and the other profes. 
sional engineer witnesses will follow. That will 
occupy — until Friday evening, when the 
court will adjourn until Monday or perhaps Tuesday 
to enable Mr. Fletcher to make up his final report 
after he has heard all the evidence. 








THE EXPLOSION ON BOARD H.M.S. 
VESUVIUDS. 

In a recent article* we referred in passing to 
the explosion on board H.M.S. Vesuvius, by which 
one engineer was killed and another seriously in- 
jured. When that article was being written a grave 
charge of neglect was hanging over the engineer in 
charge of the machinery of the Vesuvius; but we 
felt satisfied that the evidence bearing upon this 
engineer's responsibility was altogether unsatisfac- 
tory, and we suggested, at least, some inquiry as to 
the design of the machine which gave way. ‘That our 
opinion was well founded is evident from the fact that 
ere our article was in print, it had been clearly and 
abundantly shown not only that the engineer in 
charge—who had recovered sufficiently to give and 
produce additional evidence on his own behalf—was 
guiltless, but also that the design and workmanship 
of the machinery, but primarily the design, were 
entirely to blame for the accident. 

Our readers are probably aware that the Vesuviust 
is a vessel which been specially fitted up for 
practice with the Whitehead or fish torpedo, this 
torpedo being discharged through an aperture con- 
taining a shoot or tube placed below the water line. 
The torpedo, it will be remembered, carries its own 
propelling machinery, and is driven by compressed 
air introduced from a reservoir on board the ship. 

In the case of the Vesuvius it would appear that 
the air pipes from the air compressor to the reservoir 
were led through a cooling chamber into which the 
circulating pump discharged water from the sea, and 
from which an exit pipe was led overboard through 
the stokehole. ‘The air pump and circulating pump 
were close together in the torpedo room, while on 
the circulating discharge or exit pipe in the stoke- 
hole—and therefore out of sight of any one in the 
torpedo room—was a common straightway cock. 

n the morning of 2lst June, the Vesuvius went 
out of harbour for the pu s of instruction toa 
class of officers, Whilst the work of charging the 
torpedo was going on, the cooling chamber burst ; 


~a large portion of the chamber striking Mr. Blank 


on the head, killed him instantaneously ; while other 
pieces striking Mr. Hook onthe thigh, arm, and 
aw, injured him so seriously that for several days 

is life was despaired of. ‘The coroner's inquest 
was opened on the 24th of June, ‘The only witness 
called that day was the leading stoker Henry 
Edwards, who described what had occurred during 
the morning of the accident. Whilst pumping air 
into the reservoir it was observed, by Mr. Hook, 
that the got i nega was warm, and he, thinking 
that the circulating pump was not throwing, ex- 
amined the valves. There was nothing wrong there, 
and he went on Pamping as before. Witness had, 
in the presence of the engine-room artificer, opened 





* See ENGINEERING, page 80 of the present volume. 
tA ae wa description of the Vesuvius appeared on 
page 375 of our nineteenth volume. 





beginning to work the circulating pumps. He 
thought, however, that the exit pipe might be choked. 
The inquiry was then adjourned, the coroner 
‘‘ thinking it unfair to throw all the responsibility of 
giving evidence on this witness,” a remark which 
suggested the very pertinent wish on the part of 
one of the jury that some of the superior officers who 
were present should be called. 

The inquest was resumed on June 26th, when the 
coroner and jury went on board the Vesuvius 
and had explained to them, by Captain Singer, the 
officer in command of the ship, the whole process of 
charging and discharging the torpedo. Captain 
Kennedy, of the Shah, who was one of the class then 
undergoing a course of instruction in torpedo prac- 
tice, was standing close by the deceased when the 
accident vantenel At the resumed inquest he said 
the deceased and Mr. Hook were immediately in front 
of the air pump at the time of the explosion, and to 
the best of his belief the deceased was stooping down 
attending to something connected with the pump. 
The pressure at the moment was 550 1b. He con- 
sidered the explosion undoubtedly caused by air, and 
had formed an opinion as to the cause of the accident; 
but, as it was only by hearsay, he considered the 
opinions of the practical officers belonging to the 
ship of more weight than his own. 

Lieutenant Lindsay, one of the junior staff officers 
of H.M.S. Excellent, was, in common with the 
whole class, in the torpedo room at the time of the 
accident, After the connexion was made between 
the reservoir and the torpedo he moved towards the 
air pump, when Mr. Hook told him to get out of the 
way of the pet cock, which he turned on to test 
whether there was any water flowing over the air 
pipes. Witness stepped back and deceased took his 

lace. Mr. Hook told deceased to stand clear. 

he deceased leant down to do something to the air 
pump. Mr. Campion remarked to witness that the 
pressure gauge was only showing 550 Ib., and just 
then the explosion took place. 

Mr. Campion, chief engineer of the Shah, one of 
the torpedo class, and who had his coat torn by one 
of the fragments passing between his arm and body, 
said that when the class entered the torpedo room 
the pressure had reached nearly 700 lb. on the square 
inch in the reservoir. Mr. Blank gave orders for 
the torpedo to be charged, and communications 
were made for that purpose. The pressure fell to 
5501b., and witness, who was watching the gauge, re- 
marked to Lieutenant Lindsay that it did not rise 
so quickly as he expected. Immediately afterwards 
the explosion occurred. 

Mr. Campion considered the explosion due to an 
accumulation of air leaking from the joints of the air 
pump into the water chamber, the outlet being 
stopped, and he explained that if this were so, it 
would prevent water being pumped into the chamber, 
the circulating pump would still work as if supplying 
the chamber, whereas it would simply be pumping 
water through a relief valve into the bilge. Witness 
further said the actual leakage of air would have 
passed off easily had the outlet been open. 

Mr. T. E. Miller, chief engineer, detailed bg 
for torpedo service, stated that he had had three 
years’ experience of this special service. He was 
not on board the Vesuvius on the morning of the 
accident; but he was fully acquainted with the work- 
ing of the air compressing and other torpedo ma- 
chinery in that ship. Since the explosion he had in- 
spected the air pumps, and he had ascertained that 
morning (June 26th) that the exit pipe from the 
chamber was clear from end to end. He accounted 
for the explosion by a leakage of air from the pump 
into the chamber, Mr. Miller was further of opinion 
nothing could have caused the explosion but the fact 
that the cock of the exit pipe, which is in the stoke- 
hole, was closed. ‘The chamber would have borne 
a pressure of 200 Ib. on every part. The accumulated 
air would have passed away if the exit pipe were 
clear, and there would have been no explosion. 
He also stated that Mr. Hook was responsible for 
the cock being opened. In reply to some questions 
put by the foreman of the jury, Mr. Miller is re- 
ported further to have said, it was not a question 
of space in this case; had the exit pipe been open 
no compressed air or accumulated force could have 
existed. 

Captain Singer, the officer in command of the 
Vesuvius and the chief instructor of the class of 
officers under instruction, was on board, but not in 
the to © room, at the time of the accident, 
After the accident and the ship had returned into 
harbour, he went below to ascertain, if he could, 


been closed. He found the cock on the exit pipe 
open, but the handle was shipped on the cock in a 
manner which no experienced engineer would think 
of adopting. That cock being open, he could then 
only account for the explosion by supposing the 
pipe to be choked, but the examination that 
morning (June 26th) had shown that the pipe was 
clear. Witness had come to the conclusion that the 
exit cock must have been closed on the morning 
of the explosion. If there had been a sudden large 
escape of air into the chamber, the accident would 
have taken place, no matter what safety valves 
were on the chamber. In this case nothing could 
have occurred had the exit pipe been thoroughly 
open. Dr. Wood, staff surgeon, R.N., of the Royal 

aval Hospital, having explained that Mr. Hook 
would not be fit to give evidence under three weeks, 
the inquiry was then again adjourned until the 24th 
of July. 

On the assembling of the court on the last men- 
tioned date Captain Singer explained that a thorough 
examination of the pump had been made since the 
accident ; and this had resulted in the discovery of a 
fracture, which, in his opinion, would admit sufficient 
air into the chamber to burst it, whether the exit pipe 
were open or not. Witness also considered the ex- 
plosion a pure accident, and said their experience had 
been bought at a dear rate, but it was very valuable. 
He added that the steps which have been taken will 
absolutely prevent any similar accident in future. 

Mr. Hook was afterwards called in, and informed 
by the coroner that the evidence now given proved 
to demonstration that the accident had occurred, 
not through the stoppage of the exit pipe for which 
he (Mr. Hook) had on the previous occasion been 
blamed, but through a fracture within the chamber 
quite out of his sight. In reply, Mr. Hook wished 
to state that he examined the cock in question a few 
minutes before the explosion ; it was then open, and 
that the handle was properly placed. After having 
called the engine-room artificer, who deposed to the 
cock being open and the handle in its proper posi- 
tion after the explosion, and also to having taken 
out the cock for examination in the presence of one 
of the engineers, the coroner summed up, and the 
jury without the slightest hesitation returned a ver- 
dict of accidental death, entirely exonerating Mr. 
Hook from blame. 

It may be that the evidence and the verdict are 
both sufficient from a legal point of view, that is to 
say, the coroner and jury may have carried out the 
legal duties devolving upon them; but we hardly 
consider this an accident in the sense that it was 
not preventible, or that no one was to blame for 
it; and we consider the evidence in some respects 
incomplete. 

It was stated in the course of the evidence that 
the employment of compressed air is in its infancy, 
and that accidents must be expected; but it is 
altogether absurd that modifications so palpably 
necessary as in this case should be undiscovered 
until the machine has blown itself and the people 
who = to be standing near it to pieces. We 
cannot but think that the possibility of such an 
accident should have been foreseen and guarded 
against; and that the officers who designed and 
worked the machinery are to blame for their want of 
foresight and care. We hear that this pumping gear 
was designed and constructed at Portsmouth Dock- 
yard. It is to be regretted that evidence as to de- 
sign, material, and workmanship was not called. 
The public might have known then with whom the 
blame lay, not only for the original mistake but also 
for the lesser carelessness which paved the way for 
the final smash. As it is, the blame must be left 
for proper apportionment to the officers themselves 
of the engineer department of the dockyard. It is 
said that the new arrangement will quite prevent 
any similar accidents in future. We hope so, But 
we would like to have the assurance on better 
authority ; dockyard productions have not been 
quite successful of late. 

We think the evidence should also have included 
some account of the examinations and repairs, if any, 
of this machinery since it was fitted up on board the 
ship. It appears exceedingly probable that a rupture 
of this kind would give some warning; and it is 
certain that there was a constant but misunderstood 
warning on the morning of the accident. But, 
although it is just ible a previous examination 
or test might not have detected this flaw, it would 
have been satisfactory to know that more than usual 
care had been taken by the officers in charge. We 
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say ‘‘ more than usual care,” because naval engineers 
are not acquainted with air-compressing machinery. 
As it is, we must be content to note the necessity for 
constant supervision which this accident teaches. 

Chief engineers Campion and Miller both attri- 
buted the explosion to an accumulation of air in the 
chamber arising from a leakage of tie air pipes, the 
air being retained in the chamber by the exit being 
closed. Soalso Captain Singer. He éonsidered that a 
sudden large escape of air into the chamber would 
burst it; butin this case, he said, nothing could 
have occurred had the exit been thoroughly open. 

This was an easy solution of the difficulty ; but, 
admitting the air leak, it was not clear that the exit 
must be closed to cause the explosion, The leading 
stoker swore that he opened the cock in the presence 
of the engine-room artificer, and the pipe was found 
to be clear. These witnesses, therefore, knowing 
this, ought to have hesitated ere they expressed an 
opinion whichimputed grave neglect on the part of the 
engineer in charge. That these witnesses were 
wrong has been proved, but it is greatly to be re- 
gretted that they did not weigh well the language 
they used. It is true that they did not—shall we 
say could not?—anticipate such an extensive leak 
as that which actually existed; but there was no 
qualification in their statements, and it would appear 
as if they gave evidence without having ascer- 
tained either the nature or extent of the leak which 
they were satisfied had led to the accident. 

We were surprised, too, that Captain Singer should 
refer to the position of the cock handle if he was 
not prepared to state the inference he drew from it. 
To our minds and to any one who reads the evi- 
dence, the inference is plain, and, seems to us like 
a concluding argument in favour of the shut-cock 
theory. We could not, and we now speak as ‘ ex- 
perienced engineers,” attach the slightest importance 
to the position of the handle; and we are sorry 
that the time of the jury should be frittered away 
on such a topic, 

There is no doubt that during the morning of 
the accident, the leak gave constant but misunder- 
stood indication of its existence. The water from 
the circulating pump did not, and apparently would 
not, pass into the chamber. Mr. Hock observed it ; 
Captain Singer observed it; the pump valves were 
overhauled, and Mr. Hook’s attention called to the 
position of the cock in the stokehole on account of 
it; and it seems not improbable that Mr. Blank, 
when he stooped down at the moment of the ex- 
plosion, was about to ascertain whether the water 
was then passing into the chamber. 

It was suggested during the inquiry that a safety 
valve on this chamber would have prevented the ex- 
plosion, but Captain Singer said that no matter 
what safety valves were on the chamber, the acci- 
dent would have taken place. Is he quite sure? It 
appears to us that any safety valve would, by its 
persistent blowing, have called marked attention to 
the fact that the pressure was, if not at first 
dangerously high, fast becoming so. This leads us 
to point out, and we cannot do it too often or too 
strongly, the advisability, we will not say necessity, 
of fitting gauges more commonly than now on pipes 
or reservoirs exposed to pressure, A gauge fitted 
on the chamber which exploded ought to have pre- 
vented the accident by calling attention in the first 
place, when pumping slowly, to the fact that the 
pressure was greater than the load on the relief 
valve of the circulating pump ; and afterwards, when 
the speed was increased, to the rapid increase of 
pressure far beyond what was safe. We know that 
in Her Majesty’s service there is a reluctance on 
the part of the departmental officers to sanction 
“additional” fittings of any kind; and a conse- 
quently great reluctance on the part of officers in 
charge to apply for them, no matter how useful 
they are. ‘This is not as it should be, and we hope 
that some effort will be made at no distant date to 
encourage and meet the wishes of engineers in 
charge to an extent more consistent with their re- 
sponsibility than is the present practice. 

One Word more and we have done. The deceased, 
Mr. Blank, was an engineer officer who had serv 
long and s«rved well; he met his death whilst 
engaged in the active duties of his profession ; and 
we beg to sympathise with those near and dear to 
him in their sudden and great loss. 


THE EXPLOSION ON BOARD H.MS. 
HYDRA. 
ant our recent — =s the late fatal accidents in 
€ engine-rooms of Her Majesty’s ships we referred 
to the Hydra explosion, by: pt 2 Ag Clark was 
killed, and we expressed our opinion that the engineer 








witnesses on tlie inquest had given their evidenc® 
without proper deliberation and care. Ouropinion has 
been confirmed in so many respects that we feel our- 
selves warranted in referring again to that inquiry. 

The accident on board the Hydra occurred when 
getting up steam for the trial of the engines; the 
cover of a small stop valve was blowing off, and Mr. 
Clark, who either lost his way in the dark, or, as was 
suggested, went in the direction of the issuing steam 
to discover what was wrong, was scalded to death. 
At the inquest the bolts belonging to the cover 
were described as broken, and their failure was 
attributed to corrosion or inferior material; but 
we looked upon this statement as unsatisfactory, be- 
cause, on the one hand, the extent of the corrosion 
was not stated, and, on the other, the fragments 
had not been tested. 

Since that article was written we have received 
an explanation of the accident which fully and 
clearly accounts for it. It corresponds with the 
evidence, so far as that evidence goes, given by one 
of the witnesses on the inquest, but is somewhat 
inconsistent with that of the others. For this reason 
we should be reluctant to publish it, were it not that 
it is derived from a source which renders it specially 
trustworthy. According to the facts which have 
reached us it appears that the valve box and cover are 
of brass; that the cover of the valve is on the lower 
side of the box and below the general level of the 
pipe ; that the cover is bolted to an internal flange ; 
that the cover bolts were screwed into that flange 
(the tapped holes passing quite through it); 
that the salt water carried over by priming which 
lodged above the cover and flange, and for which 
there was no drain, slowly but surely destroyed the 
iron bolts, until, as a matter of fact, the cover was 
held on only by the red lead of the joint, 

If this explanation be correct, and there is good 
reason to believe it, the general evidence given at 
the inquest seems to be unworthy of the grave 
nature of the inquiry. We invite our readers to 
compare the following quotations from the published 
evidence as given in the Western Morning News with 
the explanation above given. 

Engineer Charles N. Palmer : 

The bolts in the stop valve weredefective in strength. They 
broke because they were of iron instead of brass. There 
was no defect in their size or shape. 

Believed they had corroded. 

Engineer George Metcalf : 

Had examined the stop valve, was of opinion that the 
me of the bolts-breaking was that they were of inferior 
m ° 

Chief Inspector of Machinery, W. N. Covey : 

The cause of the bolts breaking isa very difficult question 
to answer. From present appearances was opinion the 
material was of a kind and quality that ought not to have 
been employed. 

Engineer John Boswell : 

From the appearance of the screw pins he considered 

the accident occurred owing to the ends of the pins being ex- 

to galvanic action caused by the lodging of water in 
the pipe whilst the ship had been in harbour. Was of 
opinion the pins were weil made and of good iron, and that 
the accident would never have occurred had not the ends 
been exposed to the water in the pipe. 

We wish, pointedly, to call attention to the fact 
that, whilst in any case provision should be made 
for draining off the accumulated water, in this case 
@ mere cursory examination of the valve at any 
time after the ship had been under steam would 
have detected the tendency to decay in the bolts in 
question. We are not quite clear as to the frequency 
of the examinations of machinery in the Steam 
Reserve, but we take it that the chief engineer is 
blamable who suffers decay so conspicuous as this to 
go on unknown to himself or unheeded. 

We regret to state that the evidence was not only 
reputedly careless —-shall we say reticent ?—in 
respect of the actual cause of the accident, but it was 
also, undoubtedly, given without a proper know- 
ledge of facts. In our previous remarks we 
pointed out that to say the material was inferior 
was a serious imputation on the makers — then 
stated to be Messrs, J. Elder and Co. The Ad- 
miralty have since considered it necessary to an- 
nounce that it has been ascertained on further in- 


ed | vestigation that the stop valve which caused the 


accident was made and fitted on board at Devon- 
port Dockyard, and their lordships regret that in- 
advertently evidence should have been given at the 
coroner’s inquest to the effect that this valve was 
made by Messrs. J. Elder and Co. We dare sa, 
the witnesses who deposed to bad material thin 
differently now. 

Some of the witnesses deposed that such bolts 
would, in Government yards, be made of Muntz 
metal, But the fact is, that it is mo¢ the practice 
in Government yards to make bolts for securing 





the covers of stop valves of that material. Positive 
orders were issued in February, 1874, to make such 
bolts of gun-metal or copper. We are indebted to 
the Zimes for our knowledge of this order ; and it 
seems very probable that, like ourselves, many of 
the naval engineers of Her Majesty’s service never 
heard of it before. Ifso, we cannot wonder that 
the officers of that department should stumble and 
blunder as they do when they are kept so ill in- 
formed, 

Then this order goes on to direct the superin- 
tendents of the several dockyards to have copper or 
gun-metal bolts fitted to the valves in use. The 
Hydra has lain at Devonport some years; and 
therefore, in compliance with the spirit of that order, 
the bolts which ultimately failed should have been 
removed long ago. as not some one person 
directly responsible for this order being obeyed, and 
therefore, because of disobedience, legally responsible 
for Mr. Clark’s death? We say the “spirit of the 
order,” because it literally refers to the deterioration 
of the Muntz metal bolts, and directs copper or gun- 
metal to be substituted. We should be grieved to 
hear that the iroz bolts in question had not been re- 
moved, because not referred to in the order, and we 
should look upon such an evasion as one most 
dangerous and culpable. Of course if the bolts are 
tapped into holes which do not pass through the 
flange —the points of the bolts being thus protected 
from contact with the water—they can be made of 
iron without risk, and it is probable that on the 
whole iron bolts so protected are better than any 
other kind, In the case of the Hydra, however, 
this protection was wanting. 

e conclude ,with a remark, suggested by the 
ignorance and carelessness which seem to stand out 
so prominently in this inquiry, as to the non-dissemi- 
nation of information throughout the engineer 
branch of the naval service. We ourselves have 
striven, not without success, to get and to give in- 
formation interesting to the engineer oflicers of our 
naval service ; but we find that there is considerable 
and unnecessary reticence as to facts, and we know 
that some of the departmental officers of the Ad. 
miralty have done their utmost to prevent informa- 
tion reaching us. Their lordships may depend upon 
it that this enforced reticence injures them as ad- 
ministrators far more keenly than it is likely to injure 
us. Much of what we have done has been done with 
the sole object in view of encouraging a healthier 
professional spirit than now exists among naval 
engineers. e warn their lordships that their 
present practice as to the non-circulation of pro- 
fessional information, and their attempt to prevent 
the discussion of professional subjects in the public 
press, must tend inevitably to lower the class, pro- 
fessionally, both as to trustworthiness and zeal. 


AUTOMATIC RAILWAY SIGNALS. 

THERE is probably no question of more import- 
ance, or which would more readily recommend itself 
to railway managers than that which forms the sub- 
ject of this article, Such has, of late, been the 
enormous growth of railway traffic that signal boxes, 
signalmen, and block signals, at first so ardently 
scouted, have now become in many cases an indis- 
pensable necessity. The expense involved in 
establishing a block system is far greater than those 
unacquainted with railway life can imagine. It is 
not the mere establishment, the setting up of the 
signal boxes, frames, posts, and electrical apparatus, 
This in itself is a heavy item enough, but it is the 
annual cost which tells upon the revenue. How far 
this is to be met or reduced by automatic signals is 
a question which presents itself under two heads. 
First, would their employment tend to reduce the 
cost of the signals department? And, secondly, 
would such a system be safe? To the first we say 
there ean be no question as to the economy to be 
effected by an efficient system of signals, Take any 
busy section of arailway. How many signal boxes 
are thére over it which exist simply as intermediate 
boxes, i.e., boxes provided merely to work the electric 
and their corresponding outdoor signals? ‘Take for 
instance the Waterloo and Vauxhall section of the 
London and South-Western Railway. There are 
between these points three signal boxes workin 
signals which, if a reliable automatic system could 
be introduced, might be dispensed with, It is pro- 
bable these boxes cost the company for signalmen 
only not less than 4/, a week each, or a total of over 
600/.a@ year. Thisis of course an exceptional case. 
It is not all art of the line where signal boxes are 
so closely placed, nor is it by any means the rule to 
find signal boxes thus provided solely for block signal 
purposes, Still savings, to a very large extent, may 
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evidently be made when the time arrives for the 
employment of automatic signals, ; 

‘o the second question, whilst expressing our 
opinion that a system equally as safe as is the 
present system may be produced, we feel compelled 
to add that up to the present no such system has 
come under our observation, although quite a 
number of plans have been brought to our notice. 
In no case can we say that they come up 
to the standard of requirements necessary to insure 
safety. An eminent member of the present House 
of Commons is reported to have said that a person 
seated in a railway train is safer than when in his 
own house, and statistics go far to — this 
assertion. But this degree of safety has been 
acquired by a vast amount of thought, care, and 
skill, as well as by an ever watchful and judicious 
a. It is, in no small measure, due to the 

ciency of the signalling system employed, and 
any system of automatic si which may be intro- 
duced should be based upon the principles which 
govern that system. The normal condition of every 
signal should be “danger.” Any failure of the 
a, any interruption from whatever cause 
should result in the signal assuming this position. 
Hence we come to the second Lr a gee that the 
agency by which the signal is placed at ‘ clear,” 
should be and remain active during the existence of 
such signal. These are the principles which govern 
our present system of signals, and we seeno dilfliculty 
attending theiradoption in any othersystem, whether 
under the control of pbysical, mechanical, or 
electrical agency. With a strange perversity, nearly 
every system brought forward up to the present, 
has been based upon principles the opposite of these, 
and itis mainly with the object of guiding the 
thoughts of those who are devoting so much time 
and capital to the question that we offer these re- 
marks, ‘To perfect a system of this kind requires 


however not merely a knowledge of the science of 
electricity, but also a knowledge of railway working, 
and a forethought of the errors which the apparatus 
are likely to produce, and of their effect upon the 
traffic 


Having thus so far advocated the adoption of a 
reliable system of automatic signals it remains to 
suggest to what extent such asystem should be em- 
ployed, and in this rests very much of the importance 
of the question. To employ it indiscriminately 
would be in our opinion sheer madness. The course 
we should advocate would be to select a point 
between two signal- boxes, and there to first 
establish it. With block sections on either sides it is 
ecarce possible for harm to occur from it even if 
failure should attend its first use. We would then yo 
further and employ it to the extent of three or four 
signals between given points, but we should be 
jealous to guard against entrusting any large section 
of line to such a system until it has been thoroughly 
proved. There must ever be signal-boxes at stations 
and junctions at which manual labour is imperative. 
These boxes are as a rule at no great distance apart, 
and it is only between such we would advocate the 
employment of automatic signals. It is further de- 
sirable that the system, whatever it is, should be 
applicable to the existing system of block signals, 
so that the intermediate blocks may communicate 
with them without disturbing existing arrangements, 
If this is secured, and the principles we have ad. 
vocated are followed, we have little doubt of the 
ultimate success of automatic signals, and we look 
forward to their employment as the next great step 
to be obtained from electricity, and that at no very 
distant date. 


MARCHANT’S “STEAM PUMPS.” 

Dvrine the past few weeks numerous notices of 

a more or Jess glowing character have appeared in 
the columns of the London and provincial non- 
technical papers concerning the system of steam 
engine construction of which Mr. R. M. Marchant 
is the inventor and advocate, and :s—from the 
startling nature of the results said to be attained— 
the system has naturally attracted much public at- 
tention, it is desirable that we should have some- 
thing to say ne and especially of the re- 
sults asserted to have been attained by its applica- 
tion to an engine at Portsmouth dockyard. And 
here we may say that it is, to our mind, much to be 
regretted that the data obtained by the Admiralty 
authorities during the trials of this engine at Ports- 
— ae have ype ar ay in a form which 
renders them very misleading to the era] 
ublic, The public naturally attach consilerable 
portance to experiments conducted under the 

















auspices of a Government department, and are apt 
to accept without sufficient investigation results 
which are stated to be obtained from such a source, 
and thus when the results are—as in the present 
instance—very misleading from their incomplete- 
ness their circulation is apt to do much harm, Of 
course the Admiralty engineers themselves are fully 
capable of analysing the results obtained by the 
application of Mr. Marchant’s system, and of 
estimating the latter at its true value ; but although 
professional men can do this, the general public 
cannot, and to them the results as stated are, as we 
have said, misleading. In making these remarks 
we have no desire whatever to attribute the cir- 
culation of the results in question to any unworthy 
motive on the part of Mr. ant. Mr, Marchant 
has worked many years at the development of his 
system, and he is we know a most thorough believer 
in what he conceives to be its merits; but unfor- 
tunately these facts do not affect the value of the 
system itself, and we regret to state that we are 
compelled to form an opinion concerning it differing 
very materially from that of its inventor. 

Speaking broadly, Mr. Marchant’s system consists 
in taking a portion of the exhaust steam from an 
engine and pumping it back into the boiler by a 
series of pumps, the first of which delivers into the 
second and so on, the steam being thus compressed 
by successive stages. Now it needs but the most 
elementary knowledge of thermo-dynamics to be 
aware that the compression of exhaust steam to the 
boiler pressure and its delivery into the boiler would 
—apart from the friction of the pumps—require the 
expenditure of just as much power as the steam so 
compressed would subsequently be capable of de- 
veloping if used in an engine without loss and ex- 
panded down to the exhaust pressure ; and the idea 
of obtaining any advantage by such a system of 
working is utterly chimerical, It is true Mr. Mar- 
chant takes not the whole, but aportion of theexhaust 
steam—if he took the whole his engine simply would 
not work at all—and he claims to reduce the pump- 
ing power required to force this steam into the boiler, 
by “saturating” the steam by the admission of hot 
water into the pumps at each stage of the process. 
To the non-professional mind, this no doubt appears 
a plausible plan, and hence the commendatory para- 
graphs with which Mr. Marchant’s plans have been 
greeted in the non-technical press; but to our 
readers it is scarcely necessary to say that the 
system of working is one which will not bear in- 
vestigation. The plain facts are that Mr. Marchant’s 
arrangement is simply a disguised feed heater, and is 
only of use in so far as it enables the exhaust steam 
to be turned to account for raising the tempera- 
ture of the feed. Any steam which Mr, Marchant 
may compress and force into the boiler is so pumped 
back by the expenditure of an amount of power in 
excess of that which can be subsequently derived 
from the steam, when used in the engine, and the 
operation is thus attended not with a gain, but with 
a decided loss of effect, while regarded as an arrange- 
ment for heating the feed Mr. Marchant’s system of 
pumps is much more complicated, and appears in 
no way more efficient than many other devices which 
may be, and are, adopted. 

We have now before us the published figures con- 
cerning the trials of Mr. Marchant’s system on the 
No, 2 Factory engine at Portsmouth Dockyard, and 
the chief results obtained during two six-hour 
trials, during one of which Mr. Marchant’s pumps 
were used, while during the other they were not, are 
as follows: 

Trial without Trial with 
Marchant’s Marchant’s 
Pumps. Pumps in Use. 


68.3 Ib. 67.3 Ib. 
25.5 in. 21.17 in. 
124 deg. 126.8 deg. 
118.42 108.48 

22.4 Ib. 34.98 Ib. 

8.84 Ib. 9.82 Ib. 
85.747 H.P. 104.123 H.P. 
1866.7 2196 
21.77 Ib. 21.09 Ib. 


196 Ib. 198 Ib. 


Mean pressure of steam at 
engines eee ou 
Mean vacuum... wy 
Mean temperature of feed 
Mean revolutions of engine 
per minute ... wn 
Mean pressure in high- 
pressure cylinder ... 
Mean pressure in low- 
pressure cylinder . 
Mean total indicated horse 
power an Ss 
Average quantity of water 
evaporated per hour 
Water used per indicated 
horse power per hour 
Consumption of coal per 
hour ... ose wi 
Consumption of coal per 
indicated horse power 


gy — en i 5 gto 
per 
pouvlalacal eee 


11.38 Ib. 


2.28 Ib. 
9,52 Ib, 





We have also the statement that during the trial 
with the pumps the pressure in the last ‘“ steam- 
pump” was 69.8 lb., and the temperature of the 
‘¢ steam” forced into the boiler 196.7 deg. It must 
have been very remarkable ‘“‘steam” at that tempera- 
ture which had a pressure of nearly 70 Ib. per square 
inch! One of the first things that will strike an 
engineer on looking over the above figures is the 
increased indicated horse power developed by the 
engines when the pumps were at work. Now we 
have no evidence whatever that the engine was really 
doing more actual work on one day than the other, 
and the natural explanation is that the difference 
between the two powers was simply that absorbed 
in the pumps, and it had thus no business to be 
polis’ in obtaining a divisor for calculating the 
consumption of fuel. Mr. Marchant states in a 
note to his published data relating to the Ports- 
mouth trial that a ‘‘ friction diagram was specially 
taken to ascertain the power absorbed. by the 
pumps,” and that this gave that power as six horse 
power. To this amount for friction must be added 
that due to the compression effected in the pumps, 
but no data are given which will enable this amount 
to be calculated. The water used per indicated 
horse power per hour was practically the same in 
the two trials, while the consumption of coal per 
hour was also practically the same, but the 
evaporative efficiency of the coal rose when the 
pumps were at work, a result which might be 
anticipated from the pumping arrangement acting 
asa feed-water heater, and which might of course 
have been obtained in other ways. The ‘‘ mean 
temperature of feed” in the above Table of data is, 
we presume, the mean temperature at which the 
feed was taken from the hot well. In the case of 
the trials with Mr. Marchant’s pumps, the tempera- 
ture at which it entered the boiler would, of course, 
be much higher, Altogether the figures we have 
quoted may be taken merely as showing that in the 
case of the Portsmouth engine the application of Mr. 
Marchant’s pumps has proved tolerably harmless, 
and this is about the best which can be said for the 
system. Weshall watch with interest to see what 
course is taken by the Admiralty authorities in the 
matter. 


THE PENNSYLVANIA RAILROAD. 

Tue unbounded and pleasant hospitality shown by 
Americans to strangers during the present year will long 
be remembered by visitors to the Centennial. We have on 
previous occasions alluded to these most successful efforts 
being made to give strangers the fullest possible information 
during te limited time at their disposal. Practically every- 
thing has been placed at the disposal of visitors, and in 
every branch of industry, not only are processes of manu- 
facture fully and thoroughly explained, but the commercial 
results of working, manufacturers’ books, and information 
generally recognised as private, are put entirely at the 
disposal of those who seek the information. In the midst 
of all this hospitality the Pensylvania Railroad Company 
has become conspicuous en account of their recent enter- 
tainment to foreign visitors, who, to the number of 178, ac- 
cepted an invitation to travel over the line in a special train 
placed at their disposal. It is needless to say that this train 
contained all the luxurious accommodation characteristic of 
first-class American railways. The party comprised a 
large number of prominent American gentlemen, the re- 
mainder consisting of foreign visitors from nearly every 
country’ exhibiting at the Centennial, Sweden being 
especially strongly represented by no less than seventeen 
gentlemen, most of whom hold prominent official positions. 

The excursion lasted during a whole week, and included 
visits to the principal sheps and works belonging to the 
railroad company, to the Cambria Iron Works, Pittsburgh, 
the oil regions, Erie City, Buffalo, Niagara Fails, the great 
Williamsport Saw Mills, which produce 250,000,000 ft. of 
lumber annually, the Harrisburgh Steel Works, an 
a great number of other points of interest. The general 
arrangements were organised by Mr. Scott, the president of 
the Railroad Company, and were carried out admirably by 
the officers of the line. 


THE EXPLOSION ON BOARD H.M.S. 
THUNDERER. 
To THE Epiror or ENGINEERING. 
S1z,—The ——_ explosion which oceurted on board 
H.M.S.S. Thunderer, must excite sympathy in every breast. 
It therefore becomes a duty of every professional i 
to make public any knowledge his experience eupplies key 
to prevent the recurrence o re we oA gr . Wit 
this feeling I address you the following lines, extent of 
ormation of this accident bei 
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being what you give on and 
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In this case it was satisfactorily ascertained to have 
arisen from very simple although culpable causes, and 
pointed a lesson carefully to avoid similar conditions. The 
safety valves were constructed, as in the Thunderer, with 
three leaves as central guides, and the necessary dead- 
weight load above, supported as usual in the waste steam 
box, these were all of good workmanship, and carefully got 
up. The mischievous consequences, however, arose from the 
load not being centrally poised upon the upper surface of 
the valves, so as to counterpoise the equability of steam 
pressure below. In fact, the weight was found partially to 
rest on the one side of the upper surface of the valve’s disc, 
the opposite side being affected only through the rigidity of 
the parts. Thus the valve when loaded and in action in its 
seat, bore exact resemblance to an ill-fitting drawer, which 
would jam in its case, when the more it was pressed or 
urged to move, the more determinedly fixed it would become. 
The consequences sure to result from such conditions are at 
once apparent. On raising steam the valves, subjected to 
interior pressure, ane slightly on the unloaded side, thus 
passed steam, and were pronoun workmanship, 
which conditions continued even when re-adjusted and re- 
ground. During a subsequent trial, however, a partial 
accident occurred, when the three leaves were found to have 
formed indents in the seats, exactly as you describe those 
existing in the valve seats of the Thunderer, two bein 
deeper either in the upper or lower interior lip, with a thir 
opposite them on the reverse lip depending upon how the 
weight rested relatively to the leaves of the valve. These 
indents and other general appearances demonstrated clearly 
the origin of failure at the time, and led to an examination 
of safety valve construction, with the view of avoiding con- 
ditions tending to produce evil consequences. 

I do not here intend intruding upon those engaged con- 
ducting the official. investigation, nor pronounce the 
accident on board the Thunderer to have arisen from 
what I have here described, but the narration of the details 
and general description of the features given by you are 
so similar, that I am led to infer it may have resulted from 
the same defects. 

The knowledge and intelligence of the parties appointed 
to the investigation, will be certain to lead to the true 
cause of the explosion, and there from to predict how such 
alarming and melancholy accidents are to be avoided -in 
future. Should it happen they arrive at a different con- 
clusion as to its source from the one here pointed to, the 
effect of this letter will be to show another source whence 
similar accidents might arise. 

Tam, &c., 
CHARLES RANDOLPH. 

Glasgow, August 14, 1876. 








ROUSSEAU’S AUTOMATIC RAILWAY 
SIGNALS 
To THE EDITOR OF ENGINEERING. 

Srr,—In your paper of the 26th of May last, there 
appeared an article upon ‘‘ Automatic Block Signals for 
Railway Traffic,’ containing a description of the system 
patented by Mr. David Rousseau, of New York City. 

The description given of the apparatus, composing what 
is known as the single signal system of Mr. Rousseau, is 
very clear and accurate, except a scarcely expressed doubt 
about the efficiency of the method adopted to prevent the 
failure of the signals through the weight running down. 
This danger of the signals running down is not only 
‘* said to be got over,’’ but is rendered absolutely impossible 
by the expedient adopted, if the lamps are attended to at 
any time during the day, and it is not supposed that the 
most careless railway management would be suspected of 
such negligence, as would allow the lamps to be left both 
untrimmed and unlighted. In the conclusion of your article 
there appear some objections to the automatic system of 
signals, which do not seem to be well founded, and which I 
would like to take up in succession. 

Before doing so, however, it will be more convenient to 
describe generally what is known as the ‘‘ Rousseau absolute 
safety railway signal,’ and which differs from the single 
signal system described in some important points. By 
referring to the description in the article to which allusion 
has been made, it will only be necessary to state that 
the “absolute safety’’ or double system differs from the 
single system mainly in the-use of two si posts and 
dises for each complete signal. These signal posts are 
placed at about 1000 ft. apart, and are so connected that 
either one being worked, automatically or otherwise, causes 
it companion signal to change immediately afterward. 
The arrangement will be e sufficiently clear by the 
following figure, in which it will be seen the arrangement 
of wires for danger and clear signals is the same as in the 
single system, except that the two signals are joined by 
double wires. 





CAA 


The electrical device by which one signal causes the other 
to work has been made sufficiently clear in your article. 

_ The signal dises are generally made red in the first 
signal, and green in the second, and are so connected that 
When the first is ‘‘ clear,” the second is green, or at 

caution,” and when the system works properly, this 
arrangement cannot be c! ° 

Now assuming everything to work properly the in- 
coming train sees the signal at ‘ A”’ clear, and passes on ; 
the automatic action occurs as soon as the commutator is 
passed, and the signal A changes to “danger,” and A t 

clear,’’ the engine-driver sees the second signal “clear,” 
end f poset in security, leaving the road blocked behind him 
until he passes out from the section, when his train passing 





the commutator at A, changes the signal A to “‘ caution,” 
and that in turn changes A to “‘ clear.” 

Now if the signals do not work, owing to a break oc- 
curring in the wire between @ and A, or in any part of the 
ba wire, the engine-driver finds the signal A at 
caution” instead of “clear,’’ and knows that he must 


take precaution against striking any trains which may be | signal 


in the section in his front ; thus a total failure of the signal 
to work leaves always either a cautionary or a danger 
si set. 

now one of the wires between A and A, breaks, leaving 
A free to work, the incoming trains sets A at ‘‘ danger’ 
and leaves A, at ‘‘ caution,’’ the clear wire is then not put 
in connexion with the clear spring, and the train on leaving 
be section does not clear the signal but leaves both at 
ce anger.”’ 

In case the other wire between A and A, is broken, A is 
again set at ‘“‘danger,’’ and A, is ‘“‘clear,’ but when the 
train leaves the section in this case the signal A, is set again 
at ‘‘caution’’ and A is left at ‘‘ danger.”’ 

In case the clear wire breaks leaving the others working, 
the road is blocked by the incoming train, and left blocked 
by it when leaving the section. 

Hence, if all works properly the road is blocked and 
cleared at the proper time ; a failure in the battery or any 
wire inthe system leaves the road blocked; and as far as 
is known no combination of circumstances is possible, 
which will leave the road clear for a train, except the 
proper working of the signals under the action of the out- 
going and incoming trains. Now as to the objections urged 
against the system in your article. 

1. In regard to the form of the signals necessitating their 
being enclosed in a case. 

The objection to this seems to consist principally in its 
novelty or departure from the established form. This, 
whether a fault or not, is inseparable from anything new, 
and if sustained as a valid objection, would stop im- 
provements. In this instance the advantages are con- 
sidered far greater than the defects, otherwise thesignalarms 
would be made of the semaphore pattern, and be*exposed 
to the effects of storms, as in most of the established 
systems ; in fact Mr. Rousseau has designs for signals 
which work this way, butin the model now used the signals 
are protected from all effects of weather, and are rendered 
easily visible by the form and material of the case. 

The next statement is that ‘‘It is impossible but failure 
will arise. Electrical or mechanical, wear and tear will 
have its own, and cannot always be foreseen.” 

This remark is equally true when applied to any mecha- 
nism, whether electrical or not; but the frequency and 
effects of failures are the grounds upon which the system is 
to stand or fall. The ony true method of determining 
these grounds consists in finding the percentage of failures 
in a given number of workings of the signals. 

Now the Rousseau system of signals in its three forms, 
i.e., single and double automatic, and these combined with 
signalmen, has been used for about three years upon the 
roads entering the Grand Central Depét in for York, and 
has been extended along the lines of these railways after 
they branch off, so as to cover a distance of about sixteen 
miles. There are about 158 regular trains entering or de- 
parting from this depét daily ; in some cases one train follows 
another at one minute’sinterval. For about three miles the 
three railway companies use the same tracks, and by the con- 
struction of the depét all trains, whether outgoing or in- 
coming, have to cross from the up to the down track, and 
vice versd, at a short distance from the depét. In addition 
to these complications, during the time that Mr. Rousseau’s 
system has been in use, the part of the railway runnin 
Peo the city has been converted into an undergroun 
road, necessitating of course continual changes in the 
signals. During the time in which these changes were 
going on there arose of course occasionally cases in which 
the signals did not work properly, but in no case, as I am 
assured by the signalman at the depdt, was the delay at all 
serious, nor was there ever an accident, nor even an 
approach to an accident, from this cause. 

The success attending the working of the signals upon 
this road has been so great, that they have been introduced 
upon the Philadelphia, Wilmington, and Baltimore Rail- 
road, and the managers of the Pennsylvania Railroad 
are now beers +> 4 them upon their lines. 

Upon roads which carry a large amount of freightin v 
long trains it becomes desirable to have the danger slgnale 
set by the locomotives and the line cleared by the rear car 
of the train. Mr. Rousseau has desi a very simple form 
of circuit-closer for accomplishing this object, a description 
of which, as well as of the other mechanical and electrical 
appliances of the system, will be found in the pamphlet 
published by the company. 

In answering the next question as to ‘‘ What would occur 
if between the time a train passes over the commutator a, 
and its passing a! the wire in connexion with the former 
were to be broken?’’ Yourarticle seems to be written under 
a misconception. - First the signal under the circumstances 
supposed would remain at ‘‘danger’’ until the section was 
cleared by the first train, when the signal would be set at 
‘‘aliclear” by that train. Now the succeeding train would, 
as you state, not change the signal, but would leave it at 
*‘clear,”” and the train unprotected, provided the engine 
driver neglected the orders which are always given him 
when the single system is used, and which are considere 
an essential part of such system. These orders are that 


the engine driver is always to see the signal turn from | the decree, dated 


** clear’ to “* danger” as he passes it, and if he does not 
see this change distinctly, he is immediately to take the 
usual measures to protect his own train from those which 
and follow him. ; 
The single automatic system has been used for some time 
upon the }Philadelphia, Wilmington, and Baltimore road 
and is found by the managers to be entirely efficient and 
i he o ion to it is that the engine- 


sa ; 
driver particularly in foggy weather, should see the “‘ clear’ 





signal until he passes it, and should then have means of 
The double system mani- 


e 
g 
: 
as 
ad 
° 


. all clear’’ si is only given to the iver 
in the single system by seeing the signal work, and-in the 
double system by seeing the “‘clear’’ signal on the second 
post, in all other cases it is to the driver a danger signal 
Se vanessa 

inally, in regard to the sw of 
against those worked y thaw The signals “by 
men are 80 + the signalman by his own 
action — @ road, provided the machinery of the 
si works. 

e 1s supposed to make the signals at the proper time, 
and to see that the proper .reply is given from the signal. 
If he is intelligent, sober; wide awake, and not absent- 
minded, he will do this properly, and receive a good 
for so doing ; any one of these conditions failing, the system 
becomes worse than u , a8 it only inspires a false con- 
fidence in the engine-drivers, and shifts from their shoulders 
the responsibility for the care of their trains. 

In the automatic system, if the apparatus is in order, the 
signals are set by the train ; if the s are out of order 
their failure to work immediately notifies the engine driver 
of their condition, throws upon him the responsibility of 

rotecting himself, and puts the safety of the train in his 
ds ins’ of on those of a si , who, whatever 
his responsibility before the law, not his life at stake 
in an accident. The relative advantages there seem to be 
then as follows : 

In the non-automatic system the safety of the train de- 
pends upon the signals being set by each and every signal- 
man along the line, the wena of this action being 
insured by the signalman being notified that his signal is 
ps rat set after he has worked thelever. In other words, 
if the man does his duty he is notified that it is properly 
done, if, however, he does not doit at all he receives no 
modification, nor do the drivers of this or the followi 
trains, who are allowed to go to destruction while in fanci 


security. 

In the automatic system the train sets its own signals, 
the engine-driver is personally certain that the signal is set 
and his train — or is notified to protect himself, and 
in a matter of economy the slight expense of repairs and 
battery materials is set against the pay of numerous 


— 

n addition to these points in its favour, the Ronsseau 
system is worked with a remarkably small number of 
battery cups, and working entirely upon an open circuit 
the expenditure of material is 7 sm. Twice only has 
the effect of atmospheric electricity been felt in the lines in 
use ; once an office indicator worked and once a wire was 
burned off, but in neither case did the signals change. Of 
course a lightning arrester would entirely do away with 
the objection raised, but after careful consideration of the 
subject by the inventor, that even is not considered as at 
all necessary. 

The system is adopted to use as one entirely automatic 
as one entirely worked by hand, or to a number of vari 
combinations of the two, and in all cases can be combined 
with office indicators, which tell at a glance the condition 
of the line and give to the system all the advantages of one 
worked by signalmen. 

From these considerations taken in connexion with the 
fact that during the three years, that it has been used on 
the section of the railway runnin; ng into the Grand Central 
Dept, and over whose tracks, 158 regular trains pass daily, 
there have no accidents occurred, for which the signal was 
responsible, I think it can be safely said that it does 
*fembody those principles necessary to render it safest 
even of its kind.”’ 

A careful review of the Ripton and other serious disasters 
will convince the reader, could not have occurred, if the 
Rousseau had been used, as by this system no mes- 
sages pass between operators, consequently no mistakes 
occur; and if the system is applied semi-automatically or by 
key alone none but the proper can be touched to allow 
the train to pass. A discussion is invited ph Se 
test will prove the claim, which is that the u 
is an absolute safety — signal. = 

remain, yours respectfully, 

New York, July, 1876. " J.M. 

[We shall probably have something to say about our 
correspondent’s letter next week.—Epb. E.] 


1 once set is unreversible b: ae 
=. by the ar igual cleared | by the outgoing train. 
The “ engine-dri 





THE CITY AND PORT AND DISTRICT OF 
IQUIQUE WATER WORKS. 
To THE EpIror oF ENGINEERING. 
S1z,—In your issue of the 4th inst. you publish a letter 


headed “ Water Sup ly to Iquique,” da Lima, Peru, 
May 27th, and signed, y Mr. Thomas Hart, in which the 
latter confines to communicating only upon the 


rst portion of the correspondence which appeared in your 
ies last spring ralaiee to this i . 4 
You will remember, Sir, having published on the 21st of 
April my letter of the 19th, which contained an extract from 
" ** Ministry of Government Direction of 
Public Works, Lima, August 25, 1875,” and in sight of 
the documents I then forwarded for your inspection, you 
formally declared the must close. 
As you have published Mr. Hart’s letter, I must beg 


ion of you to give to m to t 
wl which conslee is toterrinn’ hints the con: 
tioned which termi- 





clusion of the afore-menti correspondence 
mate’ yous eee ee eae Tu answer to any 
new points Mr, Hart may have raised, I beg to say that he 
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Mr. Hart claims to be the transferee, was no concession at 
all, Torrico with the 
Peruvian Government for the execution of certain works 


Sefior don Fernando Lopez. 

The protests made by Mr. Hart to the municipality were 
irregular, the latter never ae become a to 
Torrico’s contract, and the protests he made to the Govern- 
ment (of all of which I have copies) are I consider unreason- 
able, as by the very contract of which he purports to be the 
transferee he cannot make any claim for compensation of 
whatever nature, as the following extract shows : 


Extract from the Decree of August 25, 1875. 


‘** 3. That the supreme decree of the 3rd of January, 
1872, whereby Torrico was authorised to make the studies 
for providing Iquique with water, lays down in its third 
condition that in case the Government should not deem it 
desirable to effect the works in question, it would pa 
nothing for the said studies, it is declared that the sai 
contract has lapsed on account of the funds that the said 
work requires not existing, which I transcribe for your 
lordship _——_ of the senior minister, for your informa- 
| and rther objects. God preserve your lordship. 


‘arciso , 

As regards the charge Mr. Hart makes of my having 
exaggerated the benefits the construction of these works 
will confer upon the nitrate trade, and the iary re- 
sults the shareholders in the company will derive from their 
exploitation, I will reply that I have simply stated facts, 
and have quoted returns obtained from official sources, 
and that my statements have been endorsed, as you are 
aware, by Mr. S. Cleminson, late locomotive superintendent 
of the Iquique and La Noria Railway, and by others inti- 
psy J acquainted with the working of the nitrate fields 
and the iage of the mineral to the sea coast, and thence 
to Europe. r. Hart, who resides in Lima and not at 
Iquique, cannot be con sidered so good an authority to ex- 
press an opinion upon the undertaking as those, myself 
among the number, who have practically dealt with the 
difficulties resulting from the total absence of fresh water 
in or near the —< Iquique. Before ing this charge, 
however, Mr. should have reflected that no Govern- 
ment 7 ration a saws held so good an 
opinion of the paying pros of the concern, as to con- 
tuact for the quectien of works to the amount of 1,748,674 
soles, or say over 310,0001., without it had well assured 
itself previously that the profits derivable therefrom, would 
sufficiently recompense the outlay. The present works, 
which have no relation whatever either in the sources of 
the water, technical design, or mode of working, to any 
former scheme (of which there have been several), are to 
cost less than the sum the Government intended to expend, 
and yoy pe the profits will stand at a higher ratio in 
— to the capital. 

It may be ‘ul for Mr. Hart to know that my state- 
ments have been confirmed in general by some of the most 
influential commercial houses trading with the West Coast, 
and by engineers of great authority who have for years been 
professionally connected with that country. 

In conclusion, I beg to say that all the documents and 
lans relating to this concession have been examined and 
leclared valid by both counsel and solicitor, and that they 

may be seen at this office by any to whom they may con- 


cern. 

As the works are likely to be commenced shortly, I beg 
respectfully to point out to you the inconvenience which, in 
the meanwhile, the publication of letters purely of an in- 
vidious character, must occasion, seeing that out of the 
number of your readers, the ter portion have no direct 
interest or ey oy pl of seeing the documents which stand 
as testimony to the legality of my concession. 
I am, Sir, your obedient servant, 

G. Frrzroy Coue. 
Queen Anne’s Mansion, Westminster, August 8, 1876. 





Swansea Harsovur.—At the annual meeting of the 
Swansea Harbour Trustees, Mr. Starling Benson, who has 
= aan eee . ba Page © = . After 

e committee, respecting the negotia- 
dons in velusense to the Fabian’s Bay proposal, had been 
adopted, a resolution was passed that the trustees should 
proceed forthwith with the execution of the docks and 
works authorised by the 1874 Act, subject to such amend- 
ments as they might consider desirable. A committee was 
also appointed to make arrangements for raising 300,0001. 
for the purposes of the works. 





_ New Dock ror Carpirr.—Although at 
is officially known, yet it is believed that at the next m 

of the Chamber of Commerce a communication will be 

from Lord Bute relative to the carrying out of his original 
scheme fora new dock larger than either of the present 
ones. The Marquis, d his stay at Cardiff, was in 
consultation with Mr. J. Boy last week several hours daily, 


t nothing 
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COMPOUND MARINE ENGINES; PHILADELPHIA EXHIBITION. 


CONSTRUCTED BY THE NAVY DEPARTMENT, WASHINGTON, U.8.A. 


Fig. 3. 
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Amonost the exhibits sent by the Bureau of Steam 
Engineering of the United States Navy Department to the 
Philadelphia Exhibition, are a pair of compound screw 
engines for wooden-built sloops of 620 tons measurement. 
These engines, which are rated at 800 horse power nominal, 
have one high and one low-pressure cylinder, these cylinders 
being respectively 34 in. and 51 in. in diameter. The 
stroke is 8 ft. Gin. The engines are of the horizontal 
return connecting rod type, fitted with surface condensers, 
and we have in preparation detailed engravings of them. 
In the mean time we give this week, in our two-page 
engraving and on the present page, views showing the 
arrangement of these engines with their boilers in the vessel 
for which they are intended. We postpone any description 
of the engines until the publication of our further illustra- 
tions. 





BOARD OF TRADE RESTRICTIONS. 
To THe Eprror or ENGINEERING. 

_Str,—I feel obliged by your insertion of my letter on 
dished ends for boilers in your last number, and pleased to 
find that you acknowledge—to some extent at least—the 

hteousness of the cause of the Clyde engineers. Some 
your remarks strike at the —- of the matter. You 
= A ** We look at the rules as all based on some reasoning 
which ap to the rule maker sufficient, and we try to 





find out w + that reasoning have been.” Th i- 
alists also ask on what hank the gulssesecensioustel. io 
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answer comes to them from the Board of Trade, and often 
a can find none for themselves. Again they ask, Who 
is the rule maker? And on this point they are left equally 
in the dark. It can hardly be expected then, seeing that 
the interests involved are so great, that they will look at 
the matter coolly. It is nothing to them whether or 
not the reasoning appears to the rule maker sufficient. As 
anes they know nothing about the rule maker, and are 
le to , Avenel on what basis they are founded, they 
can have no ee in = —, : 
example of arbitrary rule making can scarcely 
be given than an instruction which has just now been 
forwarded to engineers on the Clyde, saying that in future 
no safety valves shall be fitted less than 3 in. in diameter. 
galls them toue eum ain tied k cnd eae? tae. 
ones w. with equal care 
the same circular demands that “ if th are spring loaded 
valves there must be two valves of the above size.” I 
sup; this number represents the comparative effici 
of the two of safety valve in the opinion of the Bi 
of Trade maker. Now, sir, s instructions, 
given without any reason, are very hard. . 
is why those excessive re- 
of machin: 


The greatest m: of all 
strictions should pee’ on mani ery in 
the face of this fact, that dering alt Giese poses, ender Re 
old 5 , there has been an almost perfect immunity from 
acci 





T am, Sir, yours 





Gzo. N. CALPINE. 
Paisley, August 15, 1876. 
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COMPOUND SCREW ENGINES (800 HP. NOMIg@p 
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WE illustrate above a neat little arrangement exhibited 
by Messrs. Clayton and Shuttleworth at the recent Royal 
Agricultural Society’s Show at Birmingham. It is intended 
for locking the wheels of thrashing machines, portable 
engines, &c., and consists of a pair of wedges of the form 
shown, one of which is fitted with castings containing a series 
of notches set at an angle. To the sides of the plain wedge 
is linked a pair of coupling bars, the opposite ends of which 
are provided with pins which engage in one or other of 
the notches in the wedge. By means of a suitably formed 
hand lever these pins can be locked successively into the 
inclined notches, until the chocks are brought into contact 
with the wheel, or the wheel may be raised clear from the 
ground, as shown in the sketch, if desired. 


“ EARTHWORK QUANTITIES.” 
To THE EpITOR oF ENGINEERING. 

S1r,—If I understand it rightly the object of earthwork 
tabies should be to reduce to a minimum the labour of 
computing the quantities of irregular cross sections—irre- 
gular, that is, so far as the surface ground is concerned, the 
ratio of side slopes being of course constant. The simplest 
form of earthwork table is, no doubt, that which gives the 
quantities for varying depths of cuttings or banks on hori- 
zontal ground ; but since horizontality of surface ground is 
outelaly the exception, the question arises how to convert 
the irregular triangle due to the “ side longness” of the 
ground to an isosceles triangle, the equal sides of which 
are the side slopes, and form with the horizontal some con- 
stant ratio. Your correspondent ‘‘G. K.’’ in a recent 
issue shows a = of accomplishing this result under certain 
circumstances, these circumstances being that the ground is 
to fall in definite ratios of 1, 2,2}. . . 4in10, &c., but, so 
far as my own experience goes, I never found surface ground 
half so accommodating. It would more generally be some in- 
definite mean between the above figures. Again, I presume 
on reading the article referred to that these ratios of slope 
are to be booked upon the ground. Now it more often 
happens than not that the surface is irregular, forming, so 
to speak, a section of ‘‘ ridge and furrow,” the average line 
of which it is impossible to obtain except by equalising 
it upon paper. If, therefore, an irre cross section 
can by some simple formula be resolved or equalised into 
one uniform with horizontal ground line (the ratio of side 
slopes being unaltered) we shall, I think, have obtained 
the simplest form for computing earthworks, under the 
varying conditions most common in everyday practice. I 
beg to submit the following method which I venture to 
hope fulfils the conditions just referred to. 


Fia. 1. Cc 











1. Let the triangle A BC represent the section of a 
cutting, the ground line A C making with the horizontal 
some indefinite angle. 

2. Let the triangle D B E (of which the side D E is hori- 
zontal) be equal in area to the triangle A BC, the angle 
BDE being equal to the ange BED, and theangle DBE 
equal to the angle A B C and common to both triangles. 

Join DC and AE. 

Then DC and A E shall be parallel. 

Because A B C is equal to D BC (hyp.). 

Take from these equals A B E, common to both. 

Therefore the remainder D A E is equal to the remainder 
AEC (Euc. I., Ax. 3), but ‘“‘equal triangles upon equal 
bases . . . are between the same parallels” (Euc. I., 40). 

Therefore DC and A E are parallel. 

Again, ‘‘If a straight line be drawn parallel to one of 
the sides of a triangle it shall cut the other sides or those 
produced proportionately, &c. (Euc. VI., 2). 

Therefore, as C E is to EB so is DA to AB. 

a as CBisto DB so is EB to AB. (Euc. V., 16 


an ). 

From the above we deduce the following : 
C B_EB (1) 
ieee Asli: 

and DBXEB=CBxAB. <::e 
but DB and EB are equal (hyp.). Let s=DB andEB 
respectively. 








Then fttihn. . eS 


and s=,/CBxAB - -: + (&) 
and log. ox 8. CBtlog AP . » &) 


Thus it is merely necessary to construct, once for all, a 
column of logarithms corresponding with ing lengths of 
slopes, and opposite to each a given quantity, either in area, 
cubic yards, or whatever is most convenien' ; this quantit; 
representing the contents of a uniform section wit length 
of slope=s. These lengths I should | gp po giving at every 
3in., and this is probably as exact as cross sections can 
usually be scaled. 

It is useless to encumber your pages with s which 
do not bear directly upon the explanation of this method, 
therefore I merely append such portions of the Table as will 
illustrate the examples, and show its construction. 











Earthwork Table. 
Quantity in One Chain Long. 
Slopes. | Logarithms. 
1} tol 1tol 
(1.1292 s?). (1.2222 s?). 

ft. | in. ‘cubic yards. | cubic yards. 
35 | ... 1.5440680 1383 1498 

ie 1.5471591 1403 1519 

ie 1.5502284 1423 1540 

38 | ... 1.5797836 1630 1765 

a 8 1.5826314 1652 1788 
44]... 1.6434527 2186 2366 

” 3 1.6459133 2211 2393 

» | 6 1.6483600 2236 2420 

49 | ... 1.6901961 2711 2935 

55 | ... 1.7403627 3416 3697 

oi 1.7423323 3447 3731 

62 | ... 1.7923917 4341 4698 

oe iz 1.7941394 4376 4736 

at | 1.7958800 4411 4774 

me em 1.79761387 4447 4812 

















Rule for using the above Table :—Measure the side slo; 
and add together their respective logarithms. Divide thi 


sum by 2, and find the nearest corresponding logarithm to 
this quotient in the second column. This rithm will 
represent the slope of a cutting or bank of uniform section 


and equal in area to the one in question. Opposite to this 
logarithm‘and under the required ratio of slope will be found 
the contents. 

The resulting hetin will rarely be found exactly in 
the column ; buta little practice in the use of the Table will 
accustom the user to adjust the differences at sight to suit 
each icular case. A column of proportional parts might 
be added, but is scarcely necessary. 


Exampte I, 





By equation 5: 
ft. in. 
Log. 55 3=1.7423323 
» 3) 6=1.5502284 
3.2925607 


Th t logaritinn to’ this, is one o ing to 
e nearest logari is is one correspon: a 
slope of 44 ft. 3 in., and which is slightly less. — ‘Aad, say, 
one-fourth the difference between the quantity in this line 
and the next. %=say 6. The quantity for 44 ft. 3in. 
slopes is 2211, and +6=2217 cubic yards=contents of A BC 
X1 chain long. : 

This last process can be done in far less time than it takes 
to read it—almost at a glance in fact. 








By equation 5: 


Log 38 * 1.5826814 
» 62 9=1,7976137 





8.8802451 


Divide by 2=1.6901225=2935 cubic yards 
The quantities in the les a Be will of course vary 
as formation, and should be deducted afterwards. But in 
cases where the practicelis invariable, as in certain 

offices, the deductions might be allowed for in the Table. 

Yours truly, 
James G. WALKER. 
South Parade, Doncaster, August 8, 1876. 


To THE EpiITor or ENGINEERING. 
Srr,—Referring to the article in af last number on 
‘‘ Earthwork Quantities’’ signed “‘ G. K.,”” I had occasion, 
some years ago, to make calculations of a similar nature 
with respect to the quantities in railway banks and cuttings 
when situated on side lying ground. The formula I 
arrived at was as follows : ; 
Let g=ratio (horizontal to vertical) of the natural slope 
of the ground. : 
s=ratio (horizontal to vertical) of the slopes of the 
c 








mt ’ 

f=the formation width in feet. ; 

L=total of the cutting in chains. 

=quantity in cubic yards in the bank or cutting, if 

the natural surface of the ground were level, 
calculated by the ordinary methods. 

a=the additional quantity in cubic yards caused by 
the side lying ground. 


me 2 ll sft 

$ 
= oneal , fae. 
z=Q (5 ° is’ g?#—s* 
=Q + B 


where A and B are the quantities within the brackets. 
This formula applied to the example given by ‘‘ G. K.”’ will 
be found to produce exactly the same results as he obtains, 
including his correction for the small triangle omitted in his 
first calculation. 

Tasiz I.—Value of A. 



































Slope of Sides of Cutting. 
Slope of : 
Ground. 
} to 1. } to 1. | 1to1. | 1}to1. 

1 to 1 .066 333 

1; ,, 1 .028 125 800 

Sa 016 .067 333 1.30 
2,, 1 010 .042 190 565 
S ak 007 028 125 333 
ee .005 021 .090 .225 
eee 004 .016 .067 164 
Pee | .003 .013 .052 125 
ee | .0025 010 042 -100 
ee .0017 .007 .029 .067 
, ree 0013 .005 021 .048 
ee 0010 004 016 036 
Ie | 0008 .003 0125 028 
, ee | 0006 -0025 0100 023 
, ee 0005 0021 0083 .020 
ee 0004 .0017 0070 .016 

Tasuz II.—Value of B. 
(For a base of 30 ft.) 
Slope of Sides of Cutting. 
Slope of 
Ground 
¢to1. 4 tol. ltol. | 4}tol. 

1 tol 146 367 

bat 63 137 440 

BS: 35 74 183 477 

23, 1 22 46 105 207 

So. 4h 15 81 69 122 

3t,, 1 11 23 45 82 

4,1 8.6 18 87. 60 

44,,1 6.8 14 29 46 

BS | 5.5 ll 23 37 

ee | 3.8 7.7 16 25 

ane 2.8 5.6 12 18 

8 1 2.1 4.4 8.7 13 

9.9 2 1.7 3.3 6.9 10 
10: 1 1.4 2.8 5.5 8.4 
| i Beara | 1.1 2.3 4.5 7.4 
13 ;,1 1.0 2.0 3.8 5.5 














It will be seen that the expression for # consists of two 

being the quantity Q, if on level ground, 

i coefficient A depending upon the slopes of the 

ground and — sides, but independent of the formation 

ca eee eat te eeasey be 
cu m juan! 4 

a certain number of onbie yards per thain length of cutting. 


} 
é 
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= 





— i ee RIN 


a nen ren eer 








152 


ENGINEERING. 


Aus. 18, 1876. 





at the time I constructed the preceding 
Fabice, outsining: the’ valle Gf°A ond B for" ditenat 
slopes, and as I have frequently since found these very con- 


venient in practice, widely for Parliamentary esti-| 

mates, I append them in hopes they may be of service to’ 
ur , 

"hs an example of the application of these Tables, let it 

be required to find the corrected eey Seis the 

natural slope of the ground being 4 to 1. } 
Suppose the cubic contents, if on level ground, are 

45,000 cubic yards, the total length of the cutting 25 chains, 


with a base of 30ft., and slopes of 14 to 1. 
Then the corrected quantity is as follows : 


Cubic contents, if on the level ... bes 
From Table I.; 45,000 cubic yards x A= 


45,000 x 164... hee A. ae 
From Table II., 25 chains x B=26 x 60... 
Total corrected pentity 
For other formation widths the values of 
w have to be ine or dimini 
the square of the base. 
I am, Sir, your obedient servant, 
C. J. Beiiamy. 
9, Great George-street, Westminster, August 8, 1876. 


[In the article on “ Earthwork Quantities” published by 
us on 107 ante, several misprints occurred, and the 
formule should readthus. In Fig. 1 let : 

g=ratio (horizontal to vertical) of the slope of the 

ground. 

s=ratio (horizontal to vertical) of the slope of the cutting. 
th from surface of ground to the intersection of 
he slope lines prodaced. 

#=area of triangle A BC. 
y= DF. 


Cubic . 
45,500" 


7,380 
1,500 


. 53,880 
B in Table II. 
in the ratio 


then 2=d? s, and d= 


ga , aiasa is din gs 
i 2 g-s 2 g—s* 
Substituting the value of d* given in equation (1) we have 
28) POS 
yo X ——— = ot 
s g‘—s* g? —s? 

Further, in eliminating the error in the calculation in- 
el thetriangle below formation, contained between 
the extended lines of slopes, the following should be sub- 
stituted for that which > Ser in the article : 

Let f=formation width. 

l=length of cutting. 
s=ratio of slopes as before. 


c=the coefficient g* 4 
2g? 


(1) 


s=area of Fig. CG H. 


(3) 


then s= ———- 
8 


and (o—1) 1 s=the amount required.—Eb. E.]} 


THE ORIGIN OF MOTION. 
To tas Eprror oF ENGINEERING. 

Srm,—Since I wrote my last Jetter on the “‘ Origin of 
Motion,’’ you have published others under the same 
heading, one by the contributor of the origi articles, 
another by Mr. Richard Sheward, and a third by Mr. 
W. H. Shaw, each of which contain statements that render 
it extremely difficult for me to remain silent, although I 

romised you that I would trouble you no further. r. 

haw accuses me of simply ignoring Newton’s third law ; 
Mr. Sheward regrets that the original aim of your con- 
tributor’s articles which, he says, was “ to demonstrate from 
reasoning the impossibility of ‘action at a distance’ ’’ has 
been lost sight of in the controversy that followed ; and 
your contributor himself has made at least three state- 
ments that ought not to pass unchallenged, not reckoning his 
reiteration of the views that I have criticised in my former 
letters. Ido not ask you to allow me to repeat once more 
the arguments by which I have endeavoured to refute your 
contributor’s opinions; I should expect a prompt refusal 
were I to make any such request ; but I do ask you to per- 
mit me to state as forcibly as I can a few objections to the 
theory of ‘‘ action at a distance’’ for the especial benefit of 
Mr. Sheward ; to point ont that my theory of gravitation 
instead of ignoring, as Mr. Shaw thinks, Newton’s third 
law, is actually based upon that law, and torefer briefly to 
one or two other matters of the highest importance which, 
for the most part, have been hitherto unnoticed by any of 
those who have taken part in the dicussion. I exceed- 
ingly that my remarks, in spite of all my attempts at abbre- 
viation, persist in spinning themselves out to sucha length. 
This arises from an unfortunate habit of trying to prove my 
case as I p There is, I admit, much to be said in 
favour of your contributor’s concise plan of using a few 
sweeping assertions in lieu of argument (it is but fair toadd 
that this remark applies only to his controversial letters 
and not to his articles) ; but I think that ::pon the whole 
there is a large balance of advantage in favour of my some- 
what inconvenient method after all. 

I purpose to deal in the first place with Mr. Sheward’s 
complaint that the original object of your contributor’s 
articles, to demonstrate the impossibility of ‘‘action at a 
distance,’’ has been lost sight of in the subsequent con- 
troversy. Probably this was owing to the fact that both 
disputants were of opinion that the impossibility of ‘‘ action 
at a distance’ had been abundantly proved. This, at all 
events, was my own view of the matter. Since, . 

ur correspondent remains uncon and we all know 

t there are many others of the same opinion, I intend 
to do my utmost to show that the existence of some means 
of communication between gravitating bodies is an abso- 
lute necessity. 

Tt has always appeared to me to be an astounding fact 








that any one can be found to hold that the impossibility of 
sis taeda eens okra 
seeing | from the na case, 
position that there exists, no means of communication 
the awe sa a bodies is i 
proof. No conceival of evidence prove 
this; the utmost that could fed is that, so far as we 
know, no such medium exists, difficult to see how 
this alleged fact could be : 
enormous amount 6 that ! 
actually is suéha medium, ; thong’ 
it is of course an ion whether this be the medium 
i of gravitation. 

Again, those who hee ny aoc demonstration of the 
impossibility of action at a appear to forget that 
even if their theory were not at ly incapable of proof, it 
has not one iota of evidence to a it, Those who 
adopt the notion invariably tell us ow | do so merely 
because the difficulty is in no the inter- 

sition of any material means of communication, so that 
it rests entirely upon the assumed everlastingness of our 


of | ignorance of how gravitation is caused. 


The theory of “‘action at a distance’’ is so universally 
accepted without evidence that one would imagine that it 
must be almost self-evidently true. But the very reverse 
is the case ; it is quite self-evidently false. The notion that 
a body can act where it does not exist is quite as absurd, in 
my opinion, as the notion that it can act when it does not 
exist. Convince me of the truth of the assertion that a 
body can act where it is not, and I should be open to con- 
viction that it could act before it existed. + matter 
cannot act where it is not is to meas self-evident as that 
there can be no effect without a cause, that the whole is 
greater than its part, that twice two are four, &c., and it is 
universally acknow that before Newton’s time every 
one was of the same ion. Newton’s own view of action 
at a distance is well “ That gravity,”’ he said, in 
his ‘Third Letter to Bentley,’’ ‘‘ should innate, in- 
herent, and essential to matter, so that one body may act 
upon another at a distance, through a vacuum without the 
mediation of anything else, by and through which their 
action and force may be con’ from one to another, is 
to meso great an absurdity that I believe no man who has 
in philosophical matters a competent faculty of thinking 
can ever fall into it.’’ 

Besides, the theory of ‘‘ action at a distance’’ implies the 

ormance of a number of curious mental gymnastics. 
t implies that there can be an effect without a cause. 
There is your molecule a, there is b; an immense distance 
between the two and nothing whatever in the intervening 
space, or at least nothing that plays any part in gravitation. 
0 ae that under these circumstances a would de- 
liberately commence moving towards 6 and b towards a is 
to suppose that one mo le gravitates towards the other 
without = influenced by it in any way whatever. 
Unless, indeed, some one can be found hardy enough to 
maintain that motion can be transmi across empty 
8 , which involves the separation of the idea of motion 
from that of the thing moving. 

The theory of ‘‘action at a distance’’ is, moreover, in 
direct sepeniite to the first law of motion. The enunciator 
of that law could not ibly have been a believer in 
** action at a distance,”’ for if our molecule a has the power 
of setting itself in motion towards b, matter is not inert, 
and the first law false. 

And what answer can a believer in “‘ action at a distance”’ 
give to the question, if there exists no medium between cur 

wo molecules, how is a to know where b is, and in what 
relation it stands to b? Perhaps it may be objected that 
a cannot be said to “know” anything about the matter. 
Probably not ; but that only makes me wonder the more at 
its behaviour. It acts as if it knew, at all events. And 
not only so; notonly does one molecule ap te know 
the exact whereabouts of another molecule, it appears to 
know the exact whereabouts of every other molecule. 
Every ule moves at every instant of time, not in a 
straight line at a uniform velocity (if it did no one coul 
ask why it did so), but as} if it were perfectly acquainted 
with the exact position and movement of every other 
molecule in the wniverse. Out of an infinite number of 
different velocities, and out of an infinite number of different 
directions, it selects onel|particular velocity and one particular 
direction, both the direction and velocity being modified at 
every instant of time with reference to the ever-changi 
position of an infinite number of other molecules. Now 1 
the causes of all these wonderful modifications of direction 
and velocity reside entirely within the molecules themselves, 
and not at all in anything in the intervening spaces, which 
by hypothesis, are empty, we should be continually tempted 
to endow our molecules with some faculty akin to intelli- 

ence, but s ing in what we ordinarily mean 

y that term as much as the amount of intelligence required 
to calculate instantaneously the precise position of every 
molecule in the universe surpasses the amount of intelli- 
gence required to calculate, say, the precise distance of the 
sun from the earth, which no human intelligence as 
yet determined within a few millions of miles. I do not 
urge this as an objection to the theory of “‘ action at a dis- 
tance,” but it is as well to bear in mind what that theory 
compels us to assume. Whatever theory we adopt must be 
adequate to explain the facts, and nothing less than the 
assumption of omniscient molecules could, on the supposi- 
tion of “action at a distance,”’ explain the superlatively 
marvellous facts of gravitation. 

But even this stupendous assumption would fail to explain 
those facts; for supposing that in some way or other a 
molecule has become with the exact velocity 
direction, at and in _— 
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Indeed, it is difficult to understand, if it has no means of pro- 
yn, how it could alter its position or direction by one 

ir’ Certain it is, that secerding te the known 
laws of motion it could not do so. But nei wings, nor 
dles, nor any other conceivable means of propulsion will: 
meet the difficulty. The molecules are, on the theory of 
‘‘action at a distance,’ in void space, and it would imply 
action without reaction to that in void space our 
molecules could by any ity commence moving when 
once at rest, or move in any othermanner than in a straight 
line, and at any other than a uniform velocity if already in 
motion. One can understand how can swim in water, 
and how a bird can in the air, bat no one can under. 
stand how fish can and birds fly in vacuo. Suppose 
that I were toshow a man a fish swimming about in an 
erecene empty globe, and were to ask him to believe 
the = Foe really empty of everything but the fish, 

and were to defy him to ‘‘ demonstrate from reasoning’ the 
the fish’s swimming’ in vacuo, would he 

a once tell me that since if there. were no fluid in the 
globe the fish could not swim, to usually ac- 
cepted laws of mechanics to be correct, onus proband 
rested upon the man who such an jon? It 
might be impossible to see the water in the globe, but the 
very fact that the fish could swim in it would prove the 
fluid’s existence. And in the same way the fact that our 
molecules do ‘‘ swim’’ in space is of itself a demonstration. 

I can afford, however, to waive every one of the fore- 
going objections to the theory of “‘ action at a distance,’’ as 

have in reserve one that must carry conviction to the 
minds of all who admit the established truth that force or 
energy can neither be created nor destroyed. The late 
Professor Faraday, in a paper read before the Royal Insti- 
tation in the year 1851 (an Daeg = in the supplement to 
Bourne’s Treatisé on the Steam Engine) proved to my 
thinking most conclusively that the received idea of gravi 
as a simple attractive force exerted between any two an 
all the particles of matter with a strength varying inversely 
as the square of the intervening distance stands in direct 
opposition to the principle of conservation. His argument, 
= I will Jonrawrer runs — as, aeiabe 

ju t two particles of matter a placed 
ata Eiones of 10 in. apart and attracting each other with 
a force varying inversely as the square of the distance. The 
force they exert may then be estimated as 1 ; whilst at a dis- 
tance of 1 in. apart, i.e., one-tenth of the former, the force 
exerted will be 100. But from whence, he » can thi 
enormous increase of power come? ‘‘ By a change of con- 
dition, so small and simple as to fail in leading the least 
instructed mind to think that it can be a sufficient cause, 
we should admit a result which would equal the highest act 
our minds can appreciate of the working of infinite power 
upon matter ; we should let loose the highest law in phy- 
sical science which our faculties permit us to perceive, 
namely, the conservation of force.’ Whereas if the two 
particles were removed back to a distance of 10 in. the force 
of er ion tea be sd a pecans'y walt 3 of fades 
previously possess * wo ouble the s' ess 
of the above results ; it would be an annihilation of force— 
an effect equal in its infinity and its consequences with crea- 
tion, and only within the power of Him who has created.”’ 

Let us consider the two particles a and b as i 
each other under another view. The force, it is said, de- 
pends upon both particles, and if a were by itself it could 
not gravitate, it could have no attraction, no force of 
gravity. Suppose a to exist in that isolated state and without 
gravitating force and then b placed in relation to it, gravi- 
tation comes on, as is supposed, on the part of both. Now 
without trying to imagine how 6b, which had no gravitating 
force, can raise up gravitating force ina; and how a 
equally without force beforehand can raise up force in b, 
** still to imagine it as a fact done is to admit a creation 
of force in both particles; and so to bring ourselves within 
ie eee consequences. which have been already re- 
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In a similar manner it might be shown that the mere 
ce from a would result 
> _ annihilation of the gravitating force in both par- 

icles. 

Again, the particle a will attract b at the distance of a 
mile with a certain di of force ; it will attract c at the 
same distance of a mile with a power equal to that b 
which it attracts 6; if myriads of like particles be placed 
at the given distance of a mile, @ will attract each with 

ual force ; and if other particles be accumulated around it 
within and without a sphere of two miles diameter, it will 
attract them all with a force varying with the square of the 
distance. How, asks Faraday, are we to conceive of this 
force growing up in a to a million fold or more? And if the 
surrounding particles be then removed, of its diminution in 
an equal degree? or how are we tolook upon the power raised 
up in all these outer particles by the action of a on them, 
or by their action one on another, without admitting, ac- 
co to the received definition of gravity, the facile 
generation and annihilation of force? 1 

One more illustration will suffice. If we consider two 
particles of matter, at a certain distance apart, attracting 
each other under the power of gravity and free to approach, 
= | will apureesh ; and when at only half the distance, each 

ill have stored up in it, use of its inertia, a cer- 
tain amount of mechanical force. ‘This must be due to the 
force exerted, and if the conservation principle be true, 
must have consumed an equivalent properties of the cause 
of attraction. But yet, if the received idea of gravity be 
correct, the attractive force is not diminished thereby, but 
increased fourfold, ‘‘ the force ing up within i the 

ied in producing other 
force. . . . Howcan this be?” : 

From the foregoing considerations the inevitable conclu- 
sion is, either the conservation principle is not true, or the 
cause of gravity cannot reside enti within the particles 
or molecules of matter; and since, as Faraday says, the 
conservation principle is so inexorable that “‘it would 

motion, a fire without heat, heat without 
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source, action without reaction, cause without effect or 
effect without cause, to displace it from its 
of nature,” we are compelled to conclude, 
that the cause of gravity is “‘ not resident in the particles 
of matter but y in them and all space ;”’ 
that is, there must be an interstellar 
resence and influence.of which the phenomena of grawita- 
ion depend. . re i 
This conclusion doesnot inthe ‘east depend upon our 
oo to a the precise nature of |the conditions 
which result in the phenomena of gravitation. The diffi- 
culties which beset our attempts tosolvethe problem,may 


ve to be insuperable, and gravitation may forever retain |4 


its place among the-*‘ unknowables”. assigned to it by the 

cerians. Buf of one thing we may be sure--whatever else 
may be true, the theory of “‘ action at a distance’’ is false. 
It lets loose, as has been shown, ‘‘the highest law in 
physical science,” the conservation of force ; it implies 
action without reaction ; it is in direct opposition to the 
first law of motion ; it involves the separation of the idea 
of motion from that of the thing moving ; it implies an effect 
without a cause; it is self-evidently absurd ; it has not one 
iota of evidence to support it ; and it is absolutely incapable 
of proof by all the evidence in the world. Upon the whole, 
it is one of the most inexcusable blunders into which the 
human mind has ever fallen-~inexcusable, because the 

+ propounder of the law of gravitation so imoressively 
warned his followers against it. 

The existence of an interstellar medium of some sort 
being thus demonstrated, our next step is to ascertain its 
real nature and that of the influence it exerts upon the mo- 
lecules of matter so as to cause them to gravitate. This 
medium must be material—‘‘ a conviction which,” as the 
late Sir H. Holland remarks, ‘‘can only be escaped by 
affirming the case to be one lepeugeehensiite altogether.” 


medium supom, the,| to 
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would then 
considered 


-: Your eorrespondent,-Mr. Shaw, is of opinion, however 
that views ow this matter are ‘‘ entirely erroneous.” 
He holds that even if each molecule were composed of atoms 
in rapid, vibration, and if the ether icles on one side 
of it were considerably dense than fhose upon the 
site, side, the atoms of themnolecule, after impinging again 
he ether,.would rebound with exactly. the same, e at 
both sidesas long as the pressure of the ether were on both 
sides thé‘same. “Although, h¢ argues, the number of eth 
particles on one side.the molecule mae Se in excess of the 
number on the other side, still the ty of these latter, 
ing in excess of the velocity of the former, the atoms 
fo) the surface of the molecule must rebound from both 
sides with the same energy, for action and reaction are, by 
Newton’s third law, equal and opposite. I frankly acknow- 
ledge the force of this remark ; but there-is an important 
‘feature in the case which Mr. Shaw has omi to take 
into consideration. Mr. Shaw’s objection would be valid, 
and indeed fatal, if it were true that all the particles of ether 
contiguous to the molecule impinged a against its 
surface. But they do not. Besides those which impinge 
against the surface of the molecule, there are others which 
do not impinge. The ether is, by a composed of 
particles moving in all-directions. veh ery many of 
them move to and fro, ¢.¢., vibrate parallel to the pre An 
of the molecule. These may be considered as not mores 
at all in relation to the atoms forming that surface. e 
may consider these particles to be at rest. Now the ques- 
tion is, supposing that the atoms forming one surface of the 
lecule impinge against a greater quantity of 








Any medium occupying space and conveying motion from 
jon to body must necessarily be conceived of as ma- 
rial. 


But how does it cause gravitation? Is gravitation due 
solely to the influence of this medium upon the molecules 
of gross matter—to ethereal currents or ethereal pressure ? 
or does each molecule contain within itself those means of 
as pe necessary for its gravitation, using the ethereal 

uid much as a fish uses the water in swimming? My own 
opinion, as you are aware, is that each of these suggestions 
is of no avail. The cause of vitation, in my opinion, 
resides partly in the molecules themselves and partly in the 
surrounding fluid. Each molecule is composed of parts or 
atoms in intensely rapid vibratory motion. The atoms im- 
pinge forcibly against the medium, and the gravitation of 
he molecule results from the fact that they rebound with 
eater energy from one side than from the other, because 
he particles composing the medium are not uniformly dis- 
tributed in space. Each molecule is thus constantly en- 
deavouring to recede from the denser parts of the medium 
towards the rarer. 

But this theory (which I have stated at length in my 
previous letters) is, like most other theories, open to several 
objections, some of which have, others of which have not, 
been urged by your contributor and correspondents. These 
I purpose to notice, not in the order in which they have 
been stated, but in that most suitable to my own con- 
venience. 

I must first reply to all assertions of your contributor to 
the effect that no difference in density is possible in the 
medium unless under the influence of what he calls ‘‘sta- 
tionary vibrations,’’ which depend, he tells you, upon the 
reflection of waves along the column intercepted between 
ar two molecules. This, if true, is fatal to my theory. I 
will have nothing to do with reflection of waves nor sta- 
tionary vibrations, since it. is simply impossible (as I have 

roved, to my own satisfaction at any rate, in my former 
etters) that waves can be reflected between the vast majo- 
rity of our molecules. Sesing, therefore, that my theory 
assumes that, withont reflection of waves, there are diffe- 
rences of density in the medium, it becomes necessary to 
_ the incorrectness of your contributor’s assertion. 
This can be easily.done. We both insist that the medium 
is composed of elastic particles in rapid motion in all direc- 
tions. If this be so, it is evident that the particles can be 
uniformly distributed in space only when each particle of 
the medium moves at the same velocity as every other par- 
ticle. Communicate, in any way, additional motion to a 
number of particles in any part of the medium, and the 
mutual distance apart of these particles must necessarily be 
in excess of that of fis pacticles of the rest of, the medium. 
The density of the medium at any part depends entirely 
upon the velocity of its particles at that part. No one can 
doubt this who seriously considers the matter. No onecan 
doubt that a vibrating molecule, by communicating addi- 
tional velocity to the ether particles around it, must exert 
ad causing the ether in its immediate 


1 uence, 
neighbourhood to be. less dense than that at a great dis- | p 


tance from it. No one.can deny that the layer of ether 
particles immediately contiguous to the byte molecule 
must, upon the whole, move more rapidly than those of the 
second layer, those of the second faster than those of the 
third, and so on ; so that the final result of the vibration of 
the molecule is to cause the ether to become arranged 
around it in concentric spherical layers of unequal a 
(See on this subject an admirable little work by M. Emile 
Ssigey, “On the: Unity of Natural Phenomena,” Boston, 
je M. Saigey, like your contributor, advocates the 
—<— of Ph ee bom ol _ kg views on the influ- 
of a vibrating molecule npon t ensity of the ether 
are identical with my own, which, be it p anecbery were 
formed before, and not after, ing M. Saigey’s work.) 
vient to observe. that the inflaencs exerted by a 
mo 6 upon the densi e 
po ncage # a mp o ity surrounding 


inverse square of the distances’ 
| the molecule—the very thing required by ths law of 
| epee If, therefore,.it can be s aN red 


must of necessity. 
towards that part of the ether which is ry ay mene 
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matter, in the shape of ether particles, than those forming 
the opposite surface impinge against (supposing each atom 
to move at the same average velocity, and remember we are 
dealing only with those ether particles that.are moving 

el to the surfaces of the molecule), would the atoms 
orming both surfaces, after impinging against the medium 
rebound with the same energy? I submit that they would 
not; that they would rebound with the greatest en 
from that part of the ether which is the most dense. An 
I think that if Mr. Shaw consid:rs the matter in the light 
of the above remarks, he will be of the same opinion. It is 
a simple case of collision between elastic bodies, the laws of 
collision being, as Mr. Shaw mneee Peay better than I 
do, being based upon Newton’s third law. I acknowledge 
that there was some {inaccuracy of expression, and even 
some inaccuracy of thought, in my former statement of the 
case; but fortunately my argument, in spite of the error, 
remains intact. My main contention was that each mole- 
cule tends to move towards the rarer parts of the medium, 
because its component atoms rebound with greater energy 
from the denser parts than from the rarer, in obedience to 
the same laws of collision which compel a little glass marble 
to rebound from a very large one with greater energy than 
it rebounds with after impinging against one but little 
larger than itself, oes that it strikes both with the 
same velocity. To this statement I still adhere. No one 
feels more acutely than I do the justice of Mr. Shaw’s re- 
mark that this question ought to be treated mathematically 
and I only wish I possessed the requisite mathematical 


mac % 
I con toe notice a remark made by your ppecauentent, 
Mr. Sheward, to the effect that he would be p to hear 
how a vibrating molecule can transmit a message of power 
in no time, the attraction of gravitation being to all intents 
and purposes instantaneous. This shrewd remark is fatal 
enough 4 your contributor’s theory, which would attribute 
vitation to the reflection of waves between the attracting 
dies ; for although it may not be true that no time is 
required for the action of gravitation, it is true that if the 
henomena depend upon any message conveyed between the 
ies, that message must travel, as Laplace showed, some 


like to know what your contributor thinks of this matter. 
As for its bearing upon my own theory, I think it must be 
allowed that it has no weight at all. The action of gravi- 
tation depends, according to my theory, not upon 
or any influence being continuously conveyed from one 
lecule to another, bu' oars Soe of the parts of the 
molecules upon the immediately adjacent ether, which is 
permanently around each centre of disturbance, 
t.e., each vibrating molecule, in concentric spherical strata 
of unequal density.. Gravitation may be practically instan- 
taneous in its action, and my theory may evvertielegs be 
true. 
I have one “more objection to notice, and one which is 
thore likely to prove fatal to my theory than 
receding ones. It not yet erred 
your contributor or by your correspondents, yet it is 
obvious, and I will go so far as to say an inswperable, diffi- 
culty to any.theory which aims at reconciling 
vitation, as at present worded, with the theory 
orces are ‘‘ modes of motion.”’ is this : 
vitation be proportional to the mass of bodies, it cannot 
be the result of molecular vibration, since if it were the result 
of molecular motion it would vary with the en of that 
motion, and not merely with the number of in the 
attracting body. This is self-evident, for one molecule in 
rapid motion would affect the medium to an infinitely 
greater extent than one million of molecules which did not 
move at all; anda million molecules vibrating with a very 
feeble energy would exert considerably less attractive influ- 
ence than same number in intensely pe No en 
Your contributor’s assertion that the pos disturbance 
of the medium is p to the of disturbing 
i us is 


his statement that, if Rung A gry to 





us. 
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my theory 

would more than a cold one under similar 
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millions of times faster than the waves of light. I should | the repulsion 











—has, on my theory, nothing to do with its 
ee be bed, which results, not, as I 
ve and , from the motions of the 
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component parts. But’the converse of -your contrib 
assertion does hold good. A hot--body wouldy to 
, attract another og Reed een energy + 
if it were of low tamperature.” Iam” 
therefore, to admit that my thedry does not agree h the 
law of gravitation. In this respect, however, it stands upon 
the same ground as the theories,of M. Saigey, Nigy 8 
Dr. Guthrie, and of your contributor himself. All of these 
emen hold, as I de (whether Mr. Crookes’ name ought 
added is somewhat doubtful), that gravitation is” 
caused by radiant molecular energy, which clearly i 
that the attractive en varies, not merely with the number 
of radiating molecules, but with the energy of their motion— 
it upon the heat of bodies and not upon their mass. 
The theory that gravitation is due to molecular motion does 
not, as I have said, agree with the law of gravitation. But 
does it agree with the known facts of gravity? Donot both 
theories explain the facts? and does..not.the theory—the 
law—that gravitation varies with the mass of a body; go a 
little beyond the evidence? Has the radiant molecular 
energy of the sun or the planets been known to vary within 
historical times? and if not, how can we predict what would 
if it did vary? How van we predict that, some 
i of years hence, when the heat of the sun is but half 
of what it is now, its attracting energy will be exactly what 
it is at present? A similar question might. be asked with 
reference to terrestrial gravitation.. The radiant molecular 
energy of the earth not, within historical times 
peer ppreciable variation. Both 





trial gferitelton gre éxplajned no } mad sea 
gravi are explai no less com 
the theory that the phenomena depend upon molecular. mo- 
tion than by the received law. But with regard to the case 
of bodies a i ther on the earth’s.surface, the 
case is different. We can increase and decrease at pleasure 
be nctuowiodged tbat, sccomling 0s my theory, Mil holy 
ow » according to m »& 
ought to attract another with greater energy than it would 
se eeciaconka with sack berliee. T nonddentie predicted. that 
experiments with suc ; 
the results of observation would accord with my theory. 
In this I was disappointed. Mr. Crookes informed me some 
twelve months since that he had performed ts 
with heavy metallic masses 5: ded in vacuo, and found 
that a heated mass, instead exerting more attractive 
e ae another body than it did when not heated, 
ona id not attract it at all, but repelledit. My theory 
does not explain this; neither does the law of’ gravitation. 
Might there not be influences at work in tly of both 
the theory and the law, which will account for it? I think 
there are such. When, for instance, a heated body is sus- 
ld body, it causes one side of the latter to 
hotter than the opposite side. Now it 
me quite possible that.this increase of temperature 
body under consideration may account for 
i to recede from the heated body. Your contri- 
butor himself admits that if a were to emit waves on 
one side only, it would be re) ina contrary 
to that in w the waves are emitted. ‘The experiments 
alluded to—I am not aware that any account of them has 
been published—were made in vacuo, so that we cannot 
attribute the eo of the body to the effect of the im- 
of the heated molecules against the surrounding air ; 
as I have already hinted in one of my former letters, 
there may be another medium more subtle than the air but 
less sabtie than the ether, which is concerned in causing the 
molecules of the to cohere. Might we not attribute 
forming th heated part of te surface agua thie medium? 
ormi 6 hea’ of its surface agai i ium 
This may look like disproving facts by argument but I 
think it must be allowed that my theory is not to be hastily 
rejected because of its non-agreement with the verbal state- 
ment of the law of gravitation. If it is not inconsistent 
with any known fact, it deserves, I submit, a careful con- 


sideration. 

Thanking you most sincerely for your almost unexampled 
fairness in Rowing me to state at iength my views in oppo- 
sition to the opinions of your contributor, and apologising 
for my inability to state them in fewer words, 

I remain, Sir, yours very traly, 
THomas Inwoop POLLARD. 
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STRENGTH AND FRACTURE OF CAST 
IRON. 


To THE EpIToR OF ENGINEERING. 

S1zr,—I have read with interest the letters of your 
ts in regard to the position of the neutral axis 

in bars subjected to a bending stress, Iam doubtful, how- 
ever, if the form of fracture helps much -to.indicate this 
, a8 I should think the position of the neutral axis 


will during ; 
ag my experiments I find that the of 


fracture 
straight or curved) pointe out conclusively the position of 
Somes regard to the centre of tpan of bar. I have 


Ap Mechanics”’ states that 
the neutral axis traverses the contre of gravity of the sec- 
tion, which, in such bars as on, place it 
at the centre of 4 4 soem 

August 10, 1876, © Wd MEL 
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LOCOMOTIVE FOR THE DOM PEDRO II. RAILWAY}j0O! 


CONSTRUCTED AT THE BALDWIN MOT 
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CYLINpDERs : . WHEELS :—continued. 
Diameter ee Total wheelbase of locomotive . . .. 22 8 
Stroke of pistons 2 0 .. - - and tender 44 38 
Length of steain ports 1 4 Diameter of driving axle journlls . .. OO 7 
| Width , >» wee le: | Length k “ 0 8 
»  Ofexhaust ports . ‘ ° ; ‘ -.. Diameter of main crank-pin bearing . 0 4 
Travel of valves ‘ 0 5 | Length a » ein a oe we 
Outside lap of valves 7, 
| ee re pei: EO) eae ees Se, | ee 
Exhaust nosslee—double, variable. | Outside diameter of smallest ring of boiler. . 4 3 
| | Thickness of boiler plates (iron) . «. + © Te 
Waests : | Numberof tubes . . . «. 159 
Diameter of drivingwheels . . . «. 4 = 6 Length _,, SAF eae eis ae eek Pe ales. 
- truck wheels . ‘ ‘ Te 2 6 Outside diameter of tubes . Fite 0 - 
Distance between centres of front and rea: Length of firebox inside ; 6 Nines 
Cg oe gt el BO | I i as oe eee 2 14 




















MOTIVE WORKS, PHILADELPHIA, U.S.A. 


scripin, see Page 155.) 





OF BRAZIL, AT THE PHILADELPHIA 








BoILer :—continued. 
Depth ; ‘ ' : ‘ 
Thickness of firebox plates (copper), side, 

back, and front sheets 
Thickness of flue sheet . ’ ’ 
= crown sheet (steel) . . 


” ” 


. . ‘ 


Square feet of grate surface . . 16 
» y heating surface in firebox 103 
” ” ” ” tubes 937 

Total square feet of heating surface . 1040 

Tenper: 

Number of wheels ; - ‘ ; - 8 

Diameter ” . ry . . . 
» tender-axle journals . oh agus 

Length ” . . . 

Capacity of tank nace 


— 


Fr. Ix. 
5 34 
0 02 
0 04 
0 03 
Fr. Ir. 
2 4 
0 3} 
0 7 
2000 gallons 











EXHIBITION. 

















WEeIGuHT: Le. 
Weight of engine in working order 80,000 
me + on driving wheels 68,000 
» of tender, empty 20,000 


MATERIALS : 

Boiler, J. L. Bailey and Co.’s “ Pine” Iron; Firebox, Hendricks 
Brother’s Copper; Tyres, Standard Steel Works’ Crucible Steel ; 
Engine, Truck, and Tender Wheels, Ramapo Wheel and Foundry 
Company’s Double Plate Chilled Wheels; Flues, W. C. Allison and 
Sons’ Lap-Welded Charcoal Iron Boiler Tubes; Injector, William 
Sellers and Co.; Steam-Gauge, Buffalo Steam-Gauge and Lantern 
Company; Brass and Copper Piping, Benedict and Burnham Manu- 
facturing Company; Staybolts and Tank Iron, Catasauqua Manu- 
facturing Company ; Jacket Iron, W. D. Wood and Co.’s Patent 
Planished Sheet-Iron; Head-Light, Philadelphia Railroad Lemp 


Works. 















































Aue, 25, 1876.] 


ENGINEERING, 








WATER WORKS, ANCIENT AND 
MODERN.* 
By E. H. p’Aviapor, 
(Continued from page 108.) 

WE have now reached a point at which it will be 
convenient to describe the two most.important water 
works of modern times obtaining their supply from 
springs—I mean those of Paris and Vienna. I have 
purposely omitted mentioning the great and im- 

rtant works executed in the United States of 

orth America, where the English principle of 
catch-water reservoirs is mostly applied. I have 
also said nothing about the distribution of water. 
To have described the American works would have 
merely increased examples and lengthened my 
papers ; to discuss the subject of the distribution 
of water with the fulness it deserves would have 
implied a second series of lectures. I leave this to 
abler pens, and at once take up the supply of water 
to Paris where I left it, namely, at the end of last 
century. I described the deficiency of the quantity 
supplied up to that period. It was only 70 years 


ago under the first Empire that serious steps were ( 


taken to removeit. The Canal de l’Ourcq was com- 
leted in 1809. It is 96 kilometres (about 60 
Cnglish miles) long, and obtains its supply from the 
two small streams the Ourcq and Benvroune, which 
it brings down in an open channel to the collecting 
reservoir at La Villette. By means of this canal 
Paris was supplied with 24 million gallons of drink- 
able water daily. But the government and muni- 
cipality had the unfortunate notion of constructing 
the cut wide enough to use it as a navigable canal, 
intending thus to kill two birds with one stone. 
The water was therefore exposed to every possible 
pollution, and has gone on from bad to worse with 
the increase of the traffic on the canal, and the 
addition of the water from the river Marne, which 
conveys a very large portion of the boats trading 
to Paris. This increased the supply to above 20 
million gallons daily, but did not improve its quality. 
Notwithstanding these drawbacks the water rates 
began to pay from the very day of the opening of 
the Oureq Canal. From the ridiculous sum of 
385 francs in 1800 they rose to ‘229,833 francs in 
1810, and have increased rapidly ever since. Up to 
a very late period the pumping engines (which had 
been repeatedly renewed and enlarged), the two 
little aqueducts of the Northern Springs and of 
Arcueil, and, lastly, the Canal de l’Ourcq, were the 
only sources of the Parisian water supply ; the total 
quantity distributed was only about 38 million 
gallons daily, and the quality was much worse than 
the quantity. The discovery and introduction of 
better water for drinking and household p 
were urgent, and from 1864 to 1867 M. Belgrand, 
the able chief engineer of the drainage, sewage, and 
water supply of Paris, commenced the construction 
of two great spring-water aqueducts. The springs 
chosen were those of the Dhuis in the department 
of the Aisne, and those of the Vanne, near Sens, in 
the department of the Yonne, It was originally 
intended to collect the water of the Somme-Sonde 
as well, but this plan had to be abandoned, as 
the proprietors of the land through which the line 
passed brought forward such enormous claims and 
raised so many difficulties, that the purchase of the 
or ge necessary would have far exceeded the esti- 
mate. 
I have more than once mentioned the favourable 


pen of Vienna with regard to water supply. | 
e 


study of the prolonged researches made by the 
French engineers within a radius of 100 miles of 
Paris, to discover a set of springs at all equal to the 
demands made upon them, co this opinion. 
Paris is surrounded on every side by fertile plains 
ne low ams = forests are limited to those be- 
onging e State, every square yard of ground is 
made to yield its utmost b the pa holders, there 
are no mountains, moors, lakes, or glaciers able to 
store a supply of water, We can, therefore, hardly 
be- surp: that the French engineers were 
unable to arrive at a perfect solution of the 
question of their water supply; they did all they 
could within the limits assigned by nature. 

The springs of the Dhuis and those of the Sur- 
melin supply pure water of 18 deg. of hardness 
(French graduation) equal to about 11 German. 
The level of the springs is 128.5 metres above the 
Sea, that of the reservoirs at Ménilmontent 107.85. 
The total fall ef. the aqueduct, which is 134 kilo- 





2® A course of delivered at the Austrian Institutio 
1876. These papers now appear in print for the first time. 





metres long, is therefore only 20.63 metres, But 
this fall is not equally distributed over it; the 118 
kilometres of natural fall have a gradient of 1 in 
10,000, while the remainder, which consists of in- 
verted siphons (pipes under pressure), has a gradient 
of 0.55 per 1000. The cross section is egg-shaped 
1.10x0.70, the masonry of ashlar being only 20 
centimetres or about § in, thick, and the whole 
section is coated by a layer of Portland cement 2 
centimetres (¢ in. thick), The entrados of the arch 
is similarly covered down to the springing. The 
level of the water was estimated at 30 centimetres 
(1 ft.) below the keystone; this would have been 
equal to a flow of 40,000 cubic metres, or about 
8,800,000 gallons daily. But in fact the supply 
obtained hardly exce 25,000 cubic metres, or 
5,500,000 gallons, The total length of the tunnels 
is 9 kilometres, and at the commencement of each 
there isan overflow carrying the waste water into the 
nearest valley. The same precaution is adopted at 
the upper ends of all the inverted siphons. The 
latter consist of cast iron faucet and spigot pipes 
1 metre (39.1 in.) diameter, and 21 to 25 centimetres 
4in,to 1 in.) thickness according to the pressure ; 
this exceeds the thickness adopted in Vienna by 30 
per cent. 

The Dhuis water runs into the reservoir at Ménil- 

montant, which is constructed in the grey marl of 
the hill of the same name. It has a capacity of 
22,000,000 gallons, besides a basement used for 
storing the Marne water, and capable of containing 
6,500,000 gallons more. The plan of this reservoir 
is a large semicircle of 188 metres diameter, joined 
to a rectangle 188 metres by 42. Im order to 
facilitate repairs it is divided into four parts by 
cross walls which communicate at their intersec- 
tion with a tower pomining. four flights of steps, 
one for each compartment. 
1.90 m. (about 6 ft.)thick ; the reservoir being covered 
by cross vaults resting on 620 piers, each 0.60 m. 
or 2 ft. square. The vaults are 5.40 m. span, and 
only 0.90 m. or ¢ rise, the arches being constructed 
of two rings of brick together 0.28 m. thick. This 
very bold construction has been justified by the 
result, andthe absence of cracks or settlement is to 
be attributed tothe excellence of the materials used, 
and to the immense care and minute supervision 
exercised during construction. The vaults are 
covered by a layer of earth 0.70m, thick over the 
crown, and the whole of the interior is lined with 
a coat of Portland cement 1 in, in thickness; the 
maximum level of the water being at a level of 5 
metres above the floor. 

The Dhuis aqueduct cost, exclusive of purchase of 
ground and springs, 12,§, million francs (464,000/.), 
the reservoir 3,500,000 francs (140,000/.). 

The Vanne aqueduct, which is barely completed, 
is much grander, cost more money, and was intended 
to supply no less than 107,000 cubic metres, or 
about 23} SN her daily. Several springs 
near Sens which been used by the Romans for 
the supply of that town were purchased by the 
municipality of Paris, The remains of a Roman 
aqueduct of about 20 kilometres in length prove 
that the medieval legend, p rting to account 
for the existence of the beautiful fountain in the 
principal square of Sens, is not worthy of much 
credit. Once upon a time—says the legend—there 
was a king of Sens, who, like most of the kings of 
that period, had an only child, a very beautiful 
daughter. He promised her hand in marriage to 
the one among his subjects who should execute the 
most wonderful work. A wealthy young man ap- 
peared as a candidate and offered to cover the town 
_— with gold, substituting gold chains for the 

eavy iron ones. A second lover appeared, less 
wealthy but more ingenious’; this one offered to 
construct a secret ‘pai from: the royal country 
seat of Vareilles into the town. At the expiration 
of the period allotted to the rivals, the richer one 
had not completed his task, for his wealth was ex- 
hausted in vain efforts to cover the huge with 
gold; But the second led the king into the square 
of Sens, and the princess at a given signal turned a 
cock which allowed a jet of clear water to rise many 
feet into the air, to the astonishment of ‘the be- 
holders. The ingenious young man had constructed 
a conduit from the Vareilles springs into the town, 
and of course received the: ’s hand as a re- 
ward, and inherited the kingdom after the death of 
her father. 

Whether this legend be true or not, the in 

uestion have long been well known. ‘ Their 
ators the sea is 89 metres, the aqueduct has an 
average falling gradient of 0.13 per 1000, viz., 1 in 
10,000 in the conduit, and 0.60 per 1000 in the in- 





he retaining walls are | 'T 


engraving just referred to, a Table of 


el | locomotives in_the United States oe Pe 
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verted si or lengths under pressure. The 
three gs, which it was at first hoped would 


suffice, did not by any means ently supply as 
large a quantity of water as doe Guitnde adams te 
; it was found necessary to bring in the re- 
maining springs of the same group, but as the 
latter are at a lower level than the former, a pum 

ing machine had to be erected to raise their supply 


i 


into 
asa 
and : nses 
_ methods —_ Prenprnin and neither A. a 
is fully applied ; but the arrangement was the o 
possible pe under the circumstances, 4 
cross section of the Vanne aqueduct is quite 
‘inside, its diameter being 2.14 m.; the 
masonry is 0.30 m. thick at the springing, reduced to 
0.20 m. at the crown and centre of invert, and is of 
asblar masonry laid on hydraulic lime mortar. Atsome 
few points where a considerable lateral thrust of the 
ground had to po tower vy the abutments were 
strengthened. inner coat of cement extends to 
10 centimetres above the theoretical highest water- 
line, and the extrados of the arch is also covered with 
cement, The total length of the aqueduct is 
137 kilometres, 630 metres—of which 58.5 kilo- 
metres are in cutting, 35.5 kilometres in tunnels, 
25.80n arches, and 17.8 in inverted siphons, The 
length of tunnel and arching is therefore enormous, 
The siphons consist of two. cast-iron pipes ‘42 in. 
in diameter. 

Instead of the 234 million gallons expected, only 
about 17 reach the reservoirat trouge, which is by 
far the grandest work of the sort ever executed. It is 
at a level of 64 metres above the sea, and covers an 
area of 38,745 square metres, or about 9} statute 
acres, being 287 metres and 135 metres broad. 
his reservoir is constructed in the chalk formation 
and consists of two stories, of which the lower one 
is 5.50 metres high, and has a capacity of 44 mil- 
lions of gallons, while the upper story is 3.10 metres 
high, and has storage for 25 million gallons more. 

‘The two new’ Paris reservoirs have; therefore, to- 
gether storage room for nearly 100 million gallons ; 
sufficient for 24 days’ supply for two millions of in- 
habitants. In this ct. they present a splendid 
example worthy of imitation, and their oe is, 
in proportion to the ion, more eight 
times as great as that of the Vienna reservoirs. 
ne ee i te tS ge hee ae 
servoirs nm. repeated! t+ upon 
principal authorities, and the work will doubtles 
soon undertaken, thus removing the one and 
only weak point of the water works, 

(To be continued.) 
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LOCOMOTIVES AT THE PHILADELPHIA 
EXHIBITION.—No, III. 


Tose of our readers who have examined the two- 
e Table containing the leading iculars of the 
locomotives at the Philadelphia Exhibition which 
accompanied the first article of the present series 
(vide our number of the 7th ult.), will have noticed 
that by far the most extensive exhibitors of locomo- 
tives at Philadelphia are Messrs. Burnham, Parry, 
Williams, and Co., of the well-known Baldwin 
motive Works. Altogether this firm send eight 
engines to the Exhibition, and it is of two of these 
—namely, a locomotive for the Central 
of New Jersey, and a freight engine for the 
Dom Pedro II. Railway of Brazil—that we propose 
to speak in the. present article, 

Of the iocomotive for the Central meen of 
New Jersey we gave a two- engraving with our 
number of the 4th inst., while elevations and 
cross sections appeared on pages 98 and 99 of the 
same number... We also gave on the two-page 

egret 

dimensions of the engine and its tender, it will 
be unnecessary therefore that we should repeat these 
dimensions here. In many respects the locomotive 
under notice: resembles that by the Danforth 
Locomotive and Machine Company, described 
in our last article, but there are differences of detail, 
to many of which we shall refer in due course. Like 
the other engine to which reference has just been 
made, that for the Central Railroad of New Jersey 
is constructed for burning anthracite coal, and it has 
the enormous F cing surface essential for successfully 
ing with that fuel. The use of anthracite in 

we 
believe-in 1847 on. the Phi ading 

i the first four 





Railroad, large engines es 
for using it having been built by Mr. Ross Winans, 
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and placed on the Philadelphia and Reading 
line in that year. These engines had | fire- 
grates 2ft. 10 in. wide by 6 ft. 3 in. long, giving 
an area of 17.7 square feet, but this area 
was not sufficient, and the engines did not 
steam freely. In later engines also built by Mr. 
Winans, the grate area was increased, and ultimately 
the grates were made 7 ft. by 3 ft. 6 in., giving an 
area of m 4 uare feet, a size which proved satis- 
factory. e earlier anthracite burning engines, 
too, considerable trouble was experienced from the 
melting of the firebars, and to get over this difficulty 
an inferior coal was used, this coal forming a con- 
siderable quantity of ash and cinder, which, to some 
extent, protected the bars, the fires being cleared 

carefully, so that too much of this protecting 
cinder was not removed. This, however, was at 
best but an unsatisfactory mode of working, and to 
avoid the inconveniences attendant upon it, Mr. 
Millholland, the locomotive superintendent of the 
Philadelphia and Reading Railroad, designed and 
introduced the form of water grate which is now 
universally employed on American anthracite burn- 
ing locomotives. As shown by the section given on 
page 98 anée, this grate consists of anumber of water 
tubes 2 in. in diameter extending from the front to 
the back water space, the slight inclination at which 
these tubes are placed being sufficient to maintain a 
good circulation through them. The firebox of the 
engine under notice is 2 ft. 93 in. wide, and the 
grate is com of eight water tubes besides three 
solid round , each of which takes the place of a 
tube. Of these bars one is placed in the centre and 
one on each side, as shown in the section on page 98 
ante, and each bar is slipped into place through a 
tube which traverses the hind water space as shown 
in the longitudinal section of the engine.* These 
solid bars can thus easily be withdrawn for the pur- 
pose of clearing the fire. 

The boiler shell and firebox are made of Messrs. 
Hussey, Wells, and Co.’s homogeneous cast steel, the 
sides plates of the firebox being but } in. thick, while 
the back plate is ,,in., the crown plate jin., and 
the tube — $ in. As is usual in American 
anthracite burning engines the front plate is flanged 
outwards so as to carry the tube plates slightly 
forward and protect the ends of the tubes from the 
direct action of the fire. The firebox crown is stayed 
by transverse girder stays, each of which is con- 
nected by sling stays to the firebox casing. We 
have already commented upon the tendency to dis- 
tortion of the casing arising from the use of these 
sling stays, and in the engine under notice, as in 
many other American locomotives, transverse stays 
are introduced between the sides of the casing just 
above the firebox, to resist this distortion a to 
relieve the strain which would otherwise fall upon 
the top rows of ordinary stays at the sides of the 
firebox. In some American lines—as, for instance, 
on the Pennsylvania Railroad—sling stays are now 
being abandoned altogether, the fireboxes being 
found to stand much better without them. 

The boiler of the engine we are describing is of 
the form known in America as the “ wagon top” 
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the grate is large in proportion to the weight of 
fuel burnt upon it, a this is a feature which is to 
be remarked in the case of some other American 
anthracite burning engines, although not in all. Of 
course theoretically a smaller chimney is required 





type, a form which has the advantage of giving a 
large steam space, as well as an easy connexion | 
between the firebox casing and the barrel. This | 
type of boiler has been 
some of his double bogie engines, but with this excep- | 
tion it has not, so far as we are aware, found its way | 


into English practice. Referring to the longitudinal two-page Table of locomotive dimensions which we 
section of the engine under notice, it will be seen | published with our number of the 7th ult., the ratio 


that the firebox casing carries a large dome, the shell 
— the plate outwards all round the opening, 
as ro e top of the dome is made of an 
iron, as is usual in American practice. The back 
late of the firebox casing is stiffened by vertical 
-irons, and connected to the crown by diagonal 
stays, similar diagonal stays being used for support- 
ing the smokebox tube plates. ‘The tubes are made 
of charcoal iron and lap-welded, th> makers being 
Messrs. W. C. Allison and Sons, The general pro- 
porticns of the boiler are as follows : 
Ratio of firegrate surface to total 
surface 


Ratio aap eaten tetinentaas 1 
Ratio of area through tubes to firegrate 2 me 
1 


Ratio of area through chimney to fire- 
grate area te oy ose we : 22.45 
The small size of chimney in proportion to the 
grate is noticeable, even when it is remembered that 


* See the two- ing published with number 
oil hacdia 


: 44.37 
: 8.51 





opted by Mr. Fairlie for | being less and the volume o 


being strengthened at the hole for this dome by chimney of the anthracite burning engines at the 





with anthracite than with bituminous coal, the 
quantity of air required per poe of fuel burnt 

the escaping gases 
less also; but American practice on this point ap- 
pears to vary greatly, and as will be seen from the 


tween the firegrate area and the sectional area of 


Philadelphia Exhibition varies from 1:16.04 to 
1:30.95. In the same way the ratio between the 
flue area through tubes and the firegrate area varies 
from 1: 4.39 to 1:11.96, a great range of propor- 
tions which it is difficult to justify. The ratio be- 
tween the firegrate area and the total heating sur- 
faces of the anthracite burning engines also differs 
considerably in the different examples exhibited, it 
varying from 1 : 26.1 to 1 : 66.12. e ratio 1 : 26.1, 
however, exists only in the case of a small mining 
tank engine, the smallest ratio for a large engine 
being 1 : 36.9. 

Returnin - aps the engine under notice, it will be 
seen from ings that the chimney is a plain 
cylindrical tube yer with any spark catcher 
at the top, the only peas arrangement 
being a conical screen of wirework extending from 
the base of the chimney to the blast nozzle. The 
latter is a si nozzle 4}in. in diameter, and it is 
situated near the bottom of the smokebox and sur- 





rounded by a petticoat pipe. It may be noticed 


here in speaking of the smokebox, that the steam 
pipes which conduct the steam to the cylinders are 
of cast iron, this being a special feature of American 
coer Of course such pipes have not the flexi- 

ility of the copper pipes almost universally used 
here, and if the joints were rigid it would be very 
difficult to fit them into position. To get over this, 
these’ cast-iron fom are generally made with 
spherical joints at the upper end, while at the lower 
end each pipe has a flat face bearing upon a joint 
ring of es triangular section, the outer 
surface, however, being spherical and fitting a 
corresponding spherical seat in the steam branch 
of the cylinder. The employment of these joint 
rings gives the power of making small adjustments 
la y, and the whole arrangement affords an 
amount of flexibility both for adjustment and for 
expansion and construction, without which cast- 
iron steam pipes could not well be used. . 

The engine under notice is mounted on four- 
coupled wheels and a four-wheeled swing truck, all 
the wheels being of cast iron with steel tyres. Of 
the details of the cylinders, frames, and working 
gear we do not propose to speak here, as many of 
these are common to other engines turned out 
at the Baldwin Locomotive Works, and we shall 
deal with them hereafter when we shall publish de- 
tail engravings of them. We may, however, say 
few words respecting the cab and the arrangement 
of the driver's footplate, As will be seen from the 
longitudinal section of the engine the firebox extends 
almost close up to the trailing —_— so that the 
firing has to be done from the tender. The driver, 
however, does not stand on the tender but on the 
footplate at the side of the firebox, as shown in the 
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cross section on page 98 ante. The cab has not 
only a closed front but also a closed back placed 
level with the trailing buffer beam, a door on each 
side giving access to the side footplates just men- 
tioned. As shown in the longitudinal section a 
light casing plate connects the back of the cab with 
the boiler. The foot-boards on which the driver 
stands are about 6 ft. 3in. above rail level, and they 
can thus be carried over the trailing wheels, while 
doors at the front of the cab give access to narrow 
footplates or ‘‘ running boards,”’ as they are called, 
which are carried along the sides of the boiler at 
the same level. We have mentioned these matters 
because they are details in which American practice 
differs materially from that in Europe. 

We must now speak of the locomotive for the 
Dom Pedro II. Railway of Brazil, of which we - 
lish a two-page engraving this week, and of 
which other views are also given on pages 156 
and 157. Under the longitudinal section in our 
two-page engraving is also given a Table of the 
principal dimensions of the engine, together with 
notes as to the materials employed in it. The Dom 
Pedro II. Railway is a line of 5 ft. 3 in. gauge, and 
the engine we illustrate—which is intended for 
working goods traffic—is of a type known in the 
United States as the ‘‘ Mogul” pattern, a type in- 
troduced by the builders in 1867. As will be seen 
from the engravings, the engine has six-coupled 
wheels and a two-wheeled ‘ pony truck” at the 
front end, this truck being of the swing-bolster type. 
The springs of the trailing and driving wheels are 
connected by np poman beams, as are also those 
of the front pair of coupled wheels and the truck, so 
that great flexibility is obtained. The driving wheels 
are without flanges. 

The boiler is of the flush-topped t with a 
very large dome, the opening for the dome being 
strengthened by flangin the barrel late outwards, 
as in the engine last described. The front tube 
plate and the back plate of the firebox casing are 
stayed by diagonal stays, these stays being carried 
an unusual distance, so that they cross each other 
near the middle of the length of the boiler. The 
firebox, with the exception of the crown sheet, is of 
copper—the only copper firebox at the Exhibition— 
and although the engine is intended for burning 
bituminous coal, it is fitted with a water-tube grate. 
The manner in which the solid bars are arranged 
for dropping the fire is shown in Fig. 2, page 157. 
The principal proportions of the boiler—which agree 
fairly with English practice—are as follows: 

Ratio of firegrate surface to total heat- 
ing surface ... i ‘il .. 1: 64387 
Ratio of firebox surface totube surface 1 : 9 
Ratio of area through tubes to firegrate 
area ... _ « ace w. 1:54 
Ratio of area through chimney to fire- 
grate area... oat ‘* «- 1 3 10.15 

The remarks made as to the general details in the 
case of the engine last described will apply also to 
the engine now illustrated, while the leading fea- 
tures of the arrangement are so clearly shown by 
our engravings, that it will, we think, be unnecessary 
to add to the explanations already given. We may 
remark, however, that the “ Mogul” type of engine, 
of which the locomotive now under notice is a re- 
presentative, is one which has earned a high reputa- 
tion in the United States, where it is largely in use. 





THE PHILADELPHIA EXHIBITION. 
WE republish below an article from the Boston 
Boening Transcript of July 20, which describes in 
considerable detail the ewes Po ter Mr. Archer, 
at that time Commisioner at hiladelphia, and Mr. 
MacIntyre, Commissioner of Victoria. We have 
commented upon this incident on 
From the moment Professor 
commissionership of the British Department, complaints, 
laments, and protests rose from the British and colonial 
exhibitors ; and as straws indicate the direction of the wind, 
so stray remarks led any observant visitor to see that a 
triangular duel would sooner or later he fought between 
the British and Colonial Commissioners, and,between the 
British exhibitors and Professor Archer, who, in virtue of 
office as executive commissioner of the mother country, in- 
sisted on taking precedence of all colonial commissioners, 
though he by no means adopted the paternal kindness and 
anxiety to bring them forward and notice that lish 
—_ officials are always expected to evince when deali 
with the branches of the parent tree. Seeing’ therefore 
that they received no kind consideration, and held direct 
commissions to the United States from their own govern- 
i i ipe to assert — 





another page. 
Owen mon the chief | against 





attachés. The colonial commissioners were puentiag eote 
this neglect of European recognition, brought on 

the fault of the authority that should almost have demand 
it for them ; and as the excursion train left Pittsburg, and 
the professor intimated to the commissioner for Victoria— 
a gentleman, by the way, of the highest possible position, 
both as to wealth, political power, and education—that he 
disapproved of after-dinner speeches, and especially of any- 
thing said of the courtesy of the railroad company, it was 
evident that an explosion was not far distant, for the British 
colonists are as a rule jolly, honest, happy souls, who like 
and appreciate kindness, and like to both return and acknow- 


ledge it. 

Would the professor himself propose a suitable vote of 
thanks? No one could tell. ednesday passed in silence. 
Thursday’s dinner was, if possible, better than that of the 
day before, but the offspring of the British lion were still 
muzzl Friday dawned, and its dinner, the last one of 
the excursion, came on the table ; what remained of it after 
two hours was removed, silence still reigned, and the band 
struck up ; at the end of the first air the Declaration of 
Sideoentonee was made by Victoria. The British executive 
commissioner was , defied, and set at nought, Mr. 
ew oe was actually proposing a vote of thanks to the 
Pennsylvania Railroad Company, in defiance of the great 
professor’s direct mandate. Should such insubordi- 
nation pass without challenge? Perish the thought, the 
Pennsylvania Railroad, the. Centennial, Victoria, any- 


‘* The cardinal rose with a dignified look, 
He called for a candle, a bell and a book ; 
In solemn anger and pious grief 
He solemnly cursed,’’ &c. 

The speech was uncalled for. Mr. MaclInt had but 
lately arrived, and, the professor hinted, did not as yet 
fully recognise his position. He [the ‘ professor’’] had sat 
up until half-past one the previous night, and with a com- 
mittee [sup to be his three clerks | had carefully drafted 
an acknowledgment of the party to the Pennsylvania Rail- 
road. Mr. Masiatens had omitted many things; for in- 
stance, he never alluded to the fact that another company 
might have been inconsiderate enough to make them pay 
for their own dinners. He [the professor] deplored the 
oceurrence, and almest moved for a retraction and an 
apology. Then the storm burst. Remembrances of the 
lon: —— injuries done by the carelessness, negligence, 

clerical pomposity of the British office at the Centennial 
to the colonial departments crowded to the brains of the 
colonial potentates ; whilst the foreign section not relishing 
being led, at any rate, asa matter of course, by the pro- 
fessor, delivered him over to his enemies. 

Mr. MacIntyre had sounded the keynote of independence, 
and he rung the note defiantly ; he did iknow his position, 
and it was exactly and precisely the same as that of the 
great professor. Every colonial commissioner there was 
independent and commissioned direct to the United States 
Government, and he maintained his right to speak or keep 
silence as best suited his taste ; he never thanked a gentle- 
man or a company who had given him a dinner for not 
charging him, and he never would. 

Mr. Laidlaw, secretary of Canada, indorsed all the senti- 
ments of the Victorian commissioner, and though the three 
British clerks stoutly dissented, Mr. Laidlaw continued to 
speak in favour of colonial Centennial independence. Dr. 
Oscar Salomon, of the Zeitwng, Berlin, declared that no 
one had a right to shut another’s mouth, and the un- 
pleasantness that was then occurring had been caused by a 
course of conduct that had been too often previously pur- 
sued. Dr. Salomon being known to be a young gentleman 
of brilliant attainments and possessing a power of oratory 
of a most acutely incisive nature, was thoughtfull 
**brought up standing” or, more truly speaking, pla 
sitting down by his friends, and what in addition he thinks 
of the great professor may be found in the columns of the 
Zeitung, Berlin. 

Where the matter will all end, who can tell? but in this 
very hot weather, grievances cannot be suppressed. 








SAFETY VALVE CONSTRUCTION. 
To rug Eprror or ENGINEERING. 

S1r,—Safety valve construction is now ing much of 
the public attention, and with the view of cumiutamiog 
Mr. C. Randolph’s letter on the subject, I venture to offer a 
few remarks which may be the means of assisting manu- 
facturers to guard t the sticking tendency of valves 
so frequently met with in the course of practical engineer- 
ing, and which sometimes end in some unfortunate dire 
eahantiy. Mr. Randolph has pointed out the mischievous 
consequences arising from the load not being centrall 
poised w the u surface of the valve. To 

i this is , but it is not enough. The sticking 
tendency has generally its “7 a more subtle principle, 
which I will endeavour to explain in this letter. 

Fig. 1 represents a lorge drawer with short guides. 
Your readers must be familiar with the sticking tendencies 
of such a drawer, which requires considerable dexterity to 
open or shut without —, sticking ; and if an attempt 
Sheet. be made.to e it easier in its guides, this does 
not lessen the evil, on the contrary, the drawer becomes a 
more inveterate sticker than ever. 

Fig. 2 re nts a small drawer with long guides in 
Pp tion to the breadth of drawer. Your experience of 
such will be a marked contrast to that of Fig. 1; the 
sticking tendency having diminished, if not altogether 

re 3 ts a large safety valve ; it is designed 

ig- 3 represents a ve; itis on 
the same principle as drawer No. 1, with the or 
ion to the di valve, 

and lik ——- ea Galena 

Again referring » $ you observe wer 
the valve spi Coste in a position above the level of 
the valve face, and the spindle is connected to the valve by 





means of a pin P, which forms a kind of hinge; A A are 
notches cut out as is usual in the valve wings, cc are 
sharp corners formed by cutting out the notches. I will 
now describe the sticking tendency of this valve. 
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The valve spindle being centred above the level of the 
guiding wings, and free to move on the hinge or pin P, the 
pressure under the valve has a tendency to open it only on 
one side, and the case becomes aggravated if you consider 
the load off the plumb, as is the case when the ship is listed 
to one side or the other. The sharp corners cc sink into 
the metal forming the valve seat and the valve becomes 
—— a 
é en a valve goes off the centre of the seat, as it will do 
if only three feathers or wings are employed, the result is 
the same as if the spindle of the valve was not in the 
centre. For example, a valve seat is bored out exactly to 
6in. diameter, and the valve wings are turned exactly to 
fit a hole 5}§ diameter; one would naturally expect this 
valve to be ys slack in its seat, but if you try the experi- 
ment you will find it at least } slack in the seat and free to 
move vs from its proper centre, and thus ina position to lift 
only on one side and stick the valve. Fig, 3 is by no means 
an exaggerated specimen of safety valve construction ; on the 
con’ 7, it is a very common type certified in the official 
declarations as being in ‘‘ their judgment sufficient.’’ 

It has been said that marine boilers are comparatively 
free from oe. But to suppose this is due to the 
efficiency of the safety valves as at present constructed is a 
delusion that passes away with the first ray of sober 
inquiry. The public safety has depended more on the free 
instinctive use of the easing gear than on anything else. 

The dotted lines on Fig. 3 show the valve spindle centred 
on a lower level than the top of valve wings or guides. 
By so lowering the centre much of the sticking tendency is 
removed, Some makers prefer the valve and its spindle to 
be in one casting. This makes the best valve, provided the 
load is direct and the spindle sufficiently strong. 

Yours respectfully, 


GEORGE COCKBURN. 
Glasgow, August 21, 1876. 


To THE EpIToR OF ENGINEERING. 

S1r,—I offer my humble experience, if it will be of any 
use in assisting to clear up or prove the cause of the valves 
being fixed in their seats on board H.M.S. Thunderer. In 
allthe steps taken to find out the cause of the valves being 
fixed there is still one very important cause which has been 
overlooked by all who have written to the several engineer. 
ing journals and newspapers. 





From a long experience which I have had in the actual 
boring, turning, and fitting of valves into their seats, also 
turning and fitting the lead weights on the top of the valves, 
I have had an opportunity of observing the following: 
Some years back, whilst I was making four safety — 


I bored the seats and fitted tLem in the cast-iron boxes. 
then turned and fitted in the valves, which had three 
feathers for guides, allowing them what I thought eno 
clearance for the valve to be turned round on the seat 
hand ; the valves were in, and the first lead weight 
oy Rape en 


750 Ib. on each 


valve, were 
put on, and the valve spindles passed up through them into a 
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cap on the valve boxin the usualway. Itthen occurred to 
me that there must be a ad great Seviguan. strain on the 
top of those valves, and I t ought that such an enormous 
weight could not be properly supported by a piece of gun- 
metalflike the valve, which was only $in. thick, as in sketch, 
and 6 in. in. diameter, so I arranged the valve-box so that 
I could place 12 ft. of 2-in. iron bar under the valve itself, so 
that I could get a good and equal lift from an iron block as 
fulcrum—from what I remember the short end of the lever 
was about 12in., and the long end 11ft. With this length 
I could not lift the valve and weights, at the same time I 
should have more than lifted that with the valve-box 
added. I then slung a piece of iron on the lever, and with 
my own strength assisted to bring the lever down, and 
raise the valve slowly for about # in., and then it jumped 
up the remainder of the lift quite freely. I then let the 
valve down, and tried with the jaws of a large spanner to 
turn the valve round on its seat, but could not until I put 
a 2 ft. length of gas pipe on the handle of the spanner, and 
with my whole strength at the end at last did turn the 
valve only about one-third round. By this time I could see 
there was something dreadfully wrong. I got the cover off the 
box, and all the weights off the valve, but to my surprise the 
valve was, if anything, a little slacker fit than it was when 
first put in; but when I examined the seat.and.the feathers 
of the valves I found they both had been in 
cutting each other. The reason of this I found was that 
the enormous weight of lead was. wholly resting on the 
centre of the valveat A in sketch, and that weight pressed 
on the top of the valve, and what may be called spread the 
feathers out, and pressed them against the seat of the 
valve, and held it fixed. So here was a practical proof that 
expansion by heat had nothing to do in fixing this_yalve. 
From this I would rather believe that the valvesof H. MS. 
Thunderer were in the above condition than I would that 
they were fixed by unequal expansion. One thing I noticed 
that when the valve jumped up quickly. it was on account 
of the lever being in the centre of the underside of the 
valve, and taking all the weight it allowed the feathers to 
spring back to their former position, then when: the lever 
was taken away the valve came down on the seat, and the 
weight again spread them out against the seat, and would 
hold them tight. ‘To remedy this, also to prove what held 
the valve, I turned the lead away so that it had the surface 
to lay on the valve at B, but then the feathers rubbed 


against the seat slightly, therefore I was obliged to take 
some off the feathers and make them easy. 
Experiments carried out in the above direction may show 


why the valves of H.M.S. Thunderer would not act. 


I am, Sir, yours res ally 
Amers R. MARTIN. 
134, Railway Arch, Shoreditch,'August 21, 1876. 


MARCHANT’S STEAM PUMPS. 
To THE EDITOR OF ENGINEERING. 

Srr,—An article in your edition of the 18th of August is 
devoted to a preliminary trial of my steam pumps as taken 
under uncontemplated conditions of steam supply at the 
Portsmouth Dockyard. 

I may be allowed to say that I am no more responsible 
for the use that has been made of the tabulated results by 
those who have communicated on their private responsibili 
with ‘‘ London, provincial, or untechnical papers,’”’ than 
am for your manner of treating a trial so made under 








circumstances of supply which had neither been calcula’ 
on or provided for. I desire to enter into no controversy 
on the subject matter of your article.on the steam pumps, 
because the trials in progress will either refute or confirm 
the view you take of the matter. But I do claim that as 
what you have published is calculated to do me serious, 
although temporary, injury, that you insert this letter in 
some prominent place, so that it may be to some extent a 
corrective of at 9 injury, and that intelligent men may 
suspend their judgment until a trial has been made under 
the conditions contemplated. 

The tabulated list with which you were supplied contained 
the statement that the steam supplied to the pumps was at 
74 lb. of vacuum and a temperature of 180-deg., also that 
the arrangement calculated on was for steam at 15 lb. over 
@ vacuum (or twice the density) and 212 deg. of temperature. 

_ That the trial was made under such uncontemplated con- 
ditions ought at least to have beenstated. The6 indicated 
horse power‘referred toas the work on the pumpsincluded the 
delivery of the full pressure to the, boiler at 120 revolutions, 
although you assume the contrary, and necessarily do so to 
make pad your line of argument. It requires eyesight to 
see the stone in the good horse’s foot that lames it! 

_ On the theory of your article a cloud could not exist 
in suspension, for it is not its temperature but its constitu- 
tion that keeps it floati Destruy that constitution by 
too little of vapour to hold the water in suspension, and it 


descends as rain, expressing the water jam which arises. 


from too little vapour to hold the water in suspension, which 
is = what happened with,less than half the steam I had 
provided for in the pumps to carry the water in the intended 
suspension. 

Info ing the tables of trial under such circumstances 
I pointed out the stone in the good horse’s foot ; you ignored 
its existence, and characterise the horse as a one, be- 
cause he was in no condition to run ly. That stone 
will shortly be taken out of his foot, the result will be 
forwarded to you without any neeessity to call your attention 
to its existence. 

Were I only a struggling inventor, who had devoted 
years of labour and a private fortune to the attainment of 
what to me isan evident and proved result, I should expect 
liberal treatment and consideration at the hands of pro- 
fessional men, to the time of a fair trial, on the basis of the 

taakeh. 
such aspect I ask your insertion and reference to this 
letter. Ha’ done me an injury by the publication and 
comments on a trial made under wncontemplated conditions, 
and forwarded for your present information, with the stone 
in the good horse’s foot shown to you, but: inno way even 


hard contact and | W 


ted | the same state at the begi 





alluded to in your article, I submit that in asking your 
publication of this letter in your next edition, I am only 
asking for such counteraction to the da done as it may 
be in your power to effect, and therefore that both in the 
sense of liberal action and justice you will do me this favour. 

I have the honour to be, Sir, your obedient servant, 

BR. M. Marcuanr. 
40 and 41, Kirby-street, Sy wy London, Aug. 22. 
[We publish Mr. Marchant’s letter as he requests, but 
we do not quite understand why he should ‘“ contemplate’’ 
that the ex steam supplied to his, pumps from a con- 
cncing Sar should be at atmospheric pressure. We 
also believe him to be greatly mistaken in imagining that 
the total power expended in driving his pumps when the 
engine is in fall work is 6 horse power only. Perhaps he 
can send us @ set of diagrams from the pumps and 
steam cylinders simultaneously.—Ep. B.]} 


_———_————————_—$—$—$————————— 
REILLY’S WATER CASING FOR BOILERS. 
To THE EprTror oF ENGINEERING. 

S1r,—At the request of several extensive users of steam 
boilers who have read your deseri of, Mr. Reilly’s boiler 
and casing in ENGINEERING of July 7th last, I arranged 
to attend the experiments w were carried on at the 
chair works of Mr. Reilly, in Manchester, on Tuesday and 

cdnendeg: the 15th and 16th inst., and to give as gee a 
report of the matter as I could, so that men in charge of steam 
engines and steam boilers, with the assistance of a little 
arithmetic and perseverance, could understand how the 
experiments were conducted, and grasp as far as possible 
the deductions from the same, which are as follows : 

Every facility was given to me to inspect measure, 
weigh, and observe the two days on which the ex- 
periments. were cond , and Mr. Evans, of the Man- 
chester Boiler Insurance Company, checked all the weights, 
quantities, and enpeeeeens and I am satisfied that 
all these may be relied on, having checked and observed 
a considerable number of them m on both days. 

I am also satisfied that no priming occurred, for the steam 
left the boiler at a very low rate of evaporation, and at 
atmospheric pressure, through a 9-i phy law lay hori- 

rose-vertically 


zontally for a length of about 12 ft., ; 
Pipe, st under the 
ow the 


ps ve 30 ft-, and at the pases A * - 
vertical pipe, a gas pipe was 

steam from the surface of the pipes in the form of 0 
escape, which took place at the rate of about 1 lb. weight in 
five minutes. ast 

On Tuesday, August 15th, the feed water was sent into 
the casing by a pump from a tank holding one oubie yard, 
and the coal was sent to the furnace in a barrow containing 
each time 1681b. in weight, and the coal used on this day 
was dusty “‘burgy.’’ Thirteen barrowfuls went to the fur- 
naces, oa cog seenned ot - hemp sonar of the 
experiment, and there were of ashes containing un- 
consumed coal in the form of coke, which I value as equal 
to one-fourth their weight of coal; this will give the total 
weight of coal consumed on this day equal to 2018 Ib. 

The water consumed was 13 cubic yards, and its mean 
temperature 76.5 deg. Fahr., at which temperature one cubic 
foot weighs 62.31Ib. ; we have, therefore, as the weight 
of water evaporated, 21867.3 lb. in eight hours, the height 
of water in the glass gauges of the boiler and the casing were 
the same at the conclusion as at the inning of the ex- 
periment, and the fires were as nearly as could be in 
ing and end of the experiment. 

This will give for the weight of water evaporated per 

ound of used from 76.5 deg., the temperature of the 
eed water at 212 ., the temperature of evaporation 
10.836 1b., and when this is reduced to the standard of 
comparison used by engineers, that is, to the feeding tem- 
perature of 212 deg. and the evaporating temperature of 
212 deg., the latent heat of which is 966, we get the weight 
of water evaporated per pound of coal equal to 12.353 lb. 

The rate of consumption of coal per square foot of grate 
per hour was 10.51 1b., and the combustion Mig” imperfect. 

The pressure of steam in the casing was 21 lb. by the 
gauge, and if the water in the'whole casing was of the tem- 

rature agreeing with this pressure it would be 261 deg. 

ahr. The pressure in the casing supplied the boiler wit 
water as desired by the use of a stop valve. 

The mean temperature of the hot gases escaping to the 
chimney was 312 deg., and the temperature of the atmo- 
sphere 85 deg. If the hot gases could have been reduced 
to SS dex, so, we should have had all the heat that the 
coal could produce conveyed to the water, if combustion 
had been perfect, which was not so, as before stated. 

If 12 lb. of atmospheric air combined with 1 lb. of coal 
of good quality combustion would be perfect, but in order 
to allow this to mix with the gases from the coal it has 
been found experimentally that not less than 24 lb. of air 
per pound of coal is required in a boiler furnace to uce 
the best results, the hot gases, therefore, after combustion, 
are diluted with uncombined atmospheric air. 

If the furnaces in these experiments were supplied with 
air, say, at 12 lb. or 18 lb. or 24 lb. per pound of coal, then 
it will follow that the evaporative value of the coal from 
and at 212 deg. will be as under, if the mean specific heat of 
the escaping gases be taken at .24. 

12 lb. of air give 12.358+ .7332=13.086 Ib. 

18 12.853 + 1.0716=13.425 ,, 

24 99 12.353 + 1.3536==18.707 ,, . 
Where each addition to the weight of water 12.353 Ib. in- 
creases with the quantity of air supplied. os 

The second experiment was conducted in a similar manner 
on Wednesday, the 16th inst., and the coal used was from 
the same heap but hand picked, and the experiment lasted 
7 hours and 35 minutes, which equals 7.583 hours. ‘ 

The coal sent to the furnaces was ten barrowfuls, and 
92 Ib. were returned at the conclusion; the ashes weighed 
117 Ib., and were valued as equal to half their weight of 
coal, which gives as the total consumption during this ex- 
periment 1529.5 lb. of hand picked — 


9 


in the glass gauges and the fires in the furnaces béing the 
same at the close of the experiment as they were at the 
commencement, the weight of water evaporated will there- 
fore be 18503.1 1b. The weight of water ane per 
— < coal ly pit an oy eo 212 Fy will be 

, 5 an e wei evapora’ und of coal 
from and at 212d will be 13.76 Ib. “bes 

The pressure in the casing to-day was 16 lb. by the gauge, 
agreeing with a temperature of 252 deg. Fahr. 

The mean temperature of the hot es passing to the 
chimney was found to be 279 deg. ‘and the Fompanabene of 
the air 85 deg. Fahr., and as before taking the same weight 
of air passing into the furnaces per pound of coal, we have 
the evaporative value of the coal as follows : 

12 1b. of air give 13.76+ .6366= 14.3966 lb. 

18lb. ,, 13.76+ .9158=14.6758 lb. 

24lb. ,, 4, 18.76 +1.205 =14.965 lb. 
Where each addition to the weight of water 13.76 1b. in- 
creases with the quantity of air supplied. The weight of 
coal consumed per square foot of grate per hour in this 
experiment was 8.95 lb., a very low rate of combustion. 

The following are comparative experiments on the eva- 
porative value of 11b. of coal, in pounds of water evapo- 
rated from and at the standard of 212deg. Fahr., the unit 
of evaporation being 966 British units per pound. 

Rankin h Ib 


” 


fessor ine, hand-picked W \. 

coal Re dal Sab ons mn 14.2 
Professor Rankine, hand-picked Welsh 

coal ‘f: bse sas pry a 138.56 
Newcastle experiments, 1858, Hartley 

coal sy... os aa a as 12.91 
My, Reilly, August 15, 1876, dusty os 

. pe FE oa “i ees nh 12. 
Mr. , August 16, 1876, hand-picked 

from “* as i rt ih 13.76 
Mr. Reilly, as per Mr. Ashton’s circular, 

wit “oe ’ i 


- If the last experiment, as vouched for by Mr. Ashton, be 
true, it comes within six cent. of the absolute evapora- 
tive value of the best known. 

Let the users of steam boilers examine this important 
matter, and experiment on higher rates of combustion, and 
at higher pressures where convenient. 

There is no secret about the process by which these high 
‘rates of evaporative value are obtained, as it is simply a 
igoecticn of good combustion and sufficient heating surface 

absorb the heat from the hot instead of allowing it 
to pass up the chimney, combined with a slow rate of com- 
btistion. Isee no d reason why ’s economiser, 
or other plan of extending the heating surface, should 
notgive under similar circumstances to Mr. 


's casing. 

The experiments with Mr. Reilly’s boiler would have been 
much more ry if the hot gases had produced their 
own but this is not the case, since they enter the 
same flue, the hot gases pass through from two other 
pecan Baga Bh oy long — . Ba a at a 

m pro! o -or eg., and then pass 
up an nine chimney, which is about 60 yards high. a 

It must be noted that the rate of combustion, £95 Ib. per 

re foot of grate per hour, is favourable to the increase 
of the evaporative value of the coal. 

The area of the two a of Mr. Reilly’s boiler is 
24 ft., and the total area of heating surface 1521 square feet. 

Yours truly 
; THomAS BALDWIN. 

50, Cedar-street, Waterloo-road, Manchester, August 17. 





THE STRENGTH OF BAND SAW BLADES. 
To THE EDITOR oF ENGINEERING. 
S1r,—The following js,the result of a set of tests made 
on Reiehle Brothers’ testing machine at the Philadelphia 
Exhibition, of eight specimens of Perrin’s bandjsaw blades. 





























Three of the samples brazed joints made by Richards, 
London, and Kelley, of the Atlantic Works, Philadelphia. 
BR *. 

.| § ‘ «| eas Le 

; i) os bediats 
fl a| 4 3}qt) 7 
Zz a & |5s| 6 & a 
Ib. Ib. 

1 | .0846| 1.05 | # | 7600 | 209,193 

2 | .0353| .620) #2 | 4000 | 82,765 

8 | 0365) .745) 48 | 6000 | 220,649 - yim 

4 | .0837| 1.062| 37 | 3000 | 83,828 { wed at thejotnte 

Broke, across 
5 | .0310| .625) 43 | 2280 | 111,090 } ate of the 
olnt, 

6 | .0810| .490|) 4 | 2000 | 181,660 

7 | 0835] .280| y, | 2000 | 213,210 

8 | 0810} .094| &, | 485 | 166,430 

~ From the above probably most men will prefer to draw | 


their own conclusions ; but inasmuch as the thicknesses are 
nearly the same, all the blades made from No. 19 gange 
steel, variedonly by the grinding and smoothing down the 
joints ; to reduce the strength to the average for each 
vs in. in width would place the matter in shape to render. it . 
more readily applicable, and in this form the strongest un- 
joined blade was 500 lb. for each ?,th, 323 Ib, the weakest, 
and theaverage 446lb Whilethrough the joints the strongest 
was 250 lb. for each ¥,th in width, the weakest 176 lb., and 
the average 206 lb. The fact that when a band saw blade 
is strained to 175 lb. for each 74 in. of its width it is being 
strained to about the limit of its 


; may be know ~ 
ledge of some value to the 


makers and users of band saws, 





The a temperature of the feed water was 79.22 deg. 
Fahr.; and 11 cubic yards were used, the height of the water 


. Yours, &., L fed 
Joun E, Swzer. »-; 
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CARLILE’S SEISMAGRAPH. 


Tue instrument of which we give engravings on the pre- 
sent and opposite pages has for its object the record of 
shocks received by, or the oscillations produced in, any ve- 
hicle, such as a locorotive or railway carriage when in mo- 
tion. It is the invention of Mr. H. Carlile, Memb. Inst. C.E., 
and managing director of the Diinaburg Vitebsk Railway, 
and bas been designed by him chiefly for making periodical 
records of the state of the permanent way on that line. 
When used also on different vehicles run over the same 
portion of line, it also becomes a means of checking the 
relative steadiness of the motion of these vehicles, a use 
to which it can be applied with great advantage. Its ac- 
tion depends upon the inertia of a weight suspended in space 
by an elastic medium attached to a point of support. If 
such point be shifted suddenly in any direction, the sus- 
pended body, from its inertia, retains for a moment its 
original position—after the point of suspension has been 
shified—and oniy gradually takes up the new position due 
to it through the alteration in the position of the point of 
suppo't, but with an amount of force varying according to 
the dist»nce through which, and the velocity with which, 
the point of suspension has been disturbed. 

If by means of a mechanical arrangement this force be 
rendered available for moving a pencil at right angles to a 
straight line, which the pencil, when at rest is describing on 
a strip of paper, the pencil will make a corresponding mark, 
and there is at once a record of the movements of 
the point of support referred to. It is only necessary then 
to attach the point of support to the vehicle, the oscillations 
of which are to be investigated; and to provide that the 
strip of paper shall travel at any certain rate, corresponding 
either to that of time, by means of clockwork, or to that of 
velocity of the movement of the vehicle, by means of 

t put in motion by the wheels of the vehicle, 
formed, which not only shows the 
the vehicle, but points out the time 


the 

an arrangemen 

and a diagram will be 

various oscillations of 
place where, such oscillations took place. 

i and 7, on the present and op- 

perspective views of this in- 
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strument, taken from opposite corners. The instrument is 
generally carried in a strong box, to the bottom of which it 
is firmly fixed, but which has in this instance been removed, 
so as to expose the instrument completely to view. 

A is a strong cast-iron plate, about 13 in. by 12 in. in 
size, which forms a base upon which the different parts of 
the instrument are fixed, and which can be screwed to the 
bottom of the box above referred to; B a firm upright of 
cast iron, firmly screwed to the base-plate A; C is a brass 
cylinder containing a mass of lead, and attached to a light 
brass barrel D. This barrel is suspended at one end by 
means of a strong ring Q rivetted on to it, which works in 
the universal joint E, the four screws forming the axes of 
wheels which are shown at F. The weight C and the 
barrel D are turned true to one axis, and have another point 
of support at G, where, through means of a pin fixed in 
the weight and carrying a cross lever, to the ends of which 
are attached the spiral steel springs H, which again are 
hung from the end of the straight steel spring I, attached 
firmly by means of four adjusting screws K to the upright 
B, the weight and barrel are suspended, so as to be free to 
move in any direction round the universal joint at E. In 
the centre of the weight, and firmly attached to it, is a pro- 
jection L (Fig. 1) furnished with a hole extending into it. in 
the line of the axis of the weight and barrel. This projec- 
tion moves with the weight, but limits its movement by 
means of the metal ring M, within which the projection 
plays, and which is concentric with the axis of the weight 
when the latter is at rest. 

The ring is firmly attached to the base-plate A. The 
amount of play it allows to the weight is about 1} in. in 
every direction from the axis, and which is sufficient for 
showing oscillation of ordifary character. At N there isa 
strong pin attached to the end of a short lever, which, by 
means of the spindle O and the handle P, can be inserted 
into the hole im the centre of the projection L, so as to lock 
the weight and prevent any movement in it when the in- 
strument is not being used. 

In Fig. 1 the weight is at rest, but in Fig. 2 it has been 





depressed, so that the projection (L in Fig. 1) is in contact 
with the lower part of the ring M, The ring Q (Fig. 2) 
is turned out at the end remote from the weight C, so as to 
form an annular flat surface of about 3 in. in width, and 2} in. 
outside in diameter. When the weight is in its normal 
position of rest, this annular surface lies in the same plane 
as the centres of the four screws F, which belong to the 
aniversal joint. It is therefore evident that, whatever mo- 
tion be given to the weight about the universal joint, the 
one half of the annular surface will be turned at a cor- 
responding angle in the direction towards C, and the other 
half, at the same angle, in the direction away from C. 
This annular movement is taken up and converted into a 
longitudinal one by means of the steel dise R (Fig. 2), 
which always presses against the flat annular surface in the 
ring Q. This disc R is mounted on a spindle, which is 
supported at the one end S, on the rocking lever T, and at 
the other plays in a hole in a support, which extends from 
the base-plate at U into the body of the barrel D through 
a hole cut in its lower side, sufficiently large to admit of 
free play of the barrel without its coming into contact with 
the support. The centre of the disc and its spindle coin- 
cide with the axis of the weight and barrel when at rest. 
For every movement of the weight the disc receives 4 
motion in a line passing through the pin in the rocking 
lever at S, and the hole in the support within the barrel, 
which line is, although not quite straight, yet sufficiently 
so for practical purposes. The disc R is kept pressed against 
the annular surface in the ring by means of the steel spring 
V, which ie attached to and turns on the axle W, and com- 
municates its pressure to the head of the disc spindle S, and 
can be adjusted by the set-screw X (Fig 1), connected with 
the index and graduated are Y, to regulate r 
against {the annular surface as desired, and : 
make the instrument more or less sensitive to oscillation. 
Interposed between the head of the disc 8 
the lower end of the spring V, is the rounded of ¢ 
lever Z, which turns the perpendicular axle a, 80 
municates motion to the lever 6. The lever 5 has s 
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CARLILE’S SEISMAGRAPH. 


FIG 2. Y 
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hole at its extremity, in which works a screw r for attaching 
the lever to the connecting rod c, which gives motion to the 
arm d carrying a pencil e. The arm d is mounted on the 
perpendicular axis 7, which is surrounded and moved by a 
spiral spring, so as to bring it back to its original position 
each time it has been moved by the connecting rodc. The 
object in baving the slotted hole in the extremity of the 
lever b, which is attached to the connecting rod c, is to be 
able to adjust the arm d, so that it shall either show all the 
oscillations indicated by the weight C, or only such parts of 
. them as exceed a certain limit, which limit can be assumed 
at pleasure. 

The necessary adjustment here is effected by means of 
the set-screw S, the end of which presses against a stud 4 
on the arm d, so as to move the connecting rod c towards 
the lever 4, thus moving the screw r, which connects both 
connecting rod and lever, out of contact with the lever, and 
enabling it to traverse such distances as may be thought 
proper, without producing any movement in the connecting 
rod and the pencil. To regulate this adjustment with ac- 
curacy, there are an index g, which is fixed, and a gradu- 
ated arc s, attached to the arm d. 

The strip of paper i, upon which the pencil is pressed by 
means of the spring &, is moved in the present instance by 
& system of rollers and clockwork. One of these rollers / 
makes a complete revolution in five minutes, marking on 
the paper every minute by one prick, and every five minutes 
by two pricks of a needle point. This roller has its motion 
communicated to it by the clock through a spring friction 
arrangement, to enable the roller to be moved by hand in 
adjusting the paper, if necessary, without interfering with 
the going of the clock. The paper is delivered by the roller 
®, which is loose, and is rolled up by the roller m driven by 
a clockwork of its own. The small lever o is for putting 
the clock and paper in motion, and stopping them when re- 
quired. The clock p gives the time of day. The paper 
used in this instrument is 1} in. wide, but otherwise similar 
to that used for Morse’s telegraphic apparatus. 

In order to make use of the instrument, it must first be 
decided whether it is to show all oscillations, i.e. vertical 
and horizontal, or the vertical ones only. In the former 
case the instrument must be placed, as shown in Fig. 1, 
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with the axis of the weight and barrel in the direction in 
which the vehicle is moving. The box containing the in- 
strument requires merely to be placed on the floor of the 
carriage, &c., the oscillations of which are to be tested. 
Should it be required to register the vertical oscillations 
only, the box must be placed so that the axis of the weight 
and barrel shall be at right angles to the line of the direction 
of the vehicle, and, to prevent any lateral oscillation which 
might occur to the weight, two wooden blocks, ¢ and u 
ig. 2), are to be placed one on each side of the weight 


These blocks allow a slight play to the weight, and are 
furthermore each mounted with a piece of leather to decrease 
any friction between them and the weight. By adjusting 
the set-screw g the slight lateral motion thus allowed to the 
weight will not be shown in the diagram. The degree of 
sensibility of the instrument required is then adjusted by 
the screw X. 

The roller ? and the clock p being set to the time of day, 
and the clockwork put in motion by the lever 0, the weight 
C is unlocked by the lever P, and the instrument is in 
operation. The time the clock commences to go must be 
marked on a strip of paper, and, on the completion of the 
diagram, the time can be further marked at such intervals 
as may be thought proper. 

We have at present before us a series of ten diagrams of 
the oscillations of locomotives which have been taken with 
the instrument just described. These diagrams are not of 
a nature that could well be reproduced by an engraving 
unless that engraving were made the fall size of the originals ; 
and as this would occupy far more space than we could 
spare we must describe the diagrams verbally. They 
have all been taken over the same portion of live of rails. 
and within the course of six consecutive days, so that, as 
far as the permanent way is concerned, it may be assumed 
that all things were equal. The instrument was in each 
case placed over one of the trailing wheels of the locomotive 
tried, The word “station” marks the beginning and the 
end, and the arrow the direction of the journey. The dates 
are also given. The time taken to perform the journey is 
marked at the bottom of the diagram, the figures represent- 
ing the time of day in hours and minutes. In the diagrams 








1 to 9 inclusive, both vertical and lateral oscillations are 
shown; diagram 10 shows vertical oscillations alone. The 
degree of sensibility of the instrument, and the limit of 
oscillation not recorded, are the same in all cases, The 
average speed of the locomotives during the journey is also 
mentioned on each diagram. The train taken was in every 
case the same, and weighed 79 tons. 

Diagrams 1, 2, and 8 show the oscillations of a six-wheel 
goods engine, run at the speeds of 20 miles, 21.95 miles, 
and 27.56 miles an hour respectively. This engine has 
wheels 4 ft. 7 in. in diameter ; they are all coupled, and one 
pair of them is behind the firebox. The engine is of the 
ordinary English type of goods locomotive, with inside 
cylinders ; it is adapted for goods trains of moderate speed, 
and has a wheel base of 15 ft. 5in. These diagrams show 
very strikingly the effect of the increase of speed in pro- 
ducing oscillation. A nearer examination of them shows 
also that the same parts of the road have always been 
instrumental in producing, at the different speeds, similar 
lines of oscillation, though the oscillations are shown diffe- 
rent in amount, The greatest amount of oscillation has 
taken place at about the middle of the time occupied by the 
journey, which would, under ordinary circumstances, cor- 
respond with about the half-way point between the end 
stations, 

Diagrams 4 and 5 show the oscillations of another class 
of goods engine, viz., a slow speed engine of the German 
and Russian type. It has six wheels coupled, 4 ft. in dia~ 
meter, and all the wheels are placed in front of the firebox, 
the wheel base measuring 11 ft. 8 in. The speeds of the 
engine were 13.33 miles (its normal speed) and 22.22 miles 
an hour respectively. A comparison between Diagram No. 2, 
taken at a speed of 21.96 miles per hour, and Diagram 
No. 5, taken at a speed of 22.22 miles per hour, shows that 
in this case the short-wheel-based engine from which the 
latter diagram was taken had an advantage as regards 
steadiness, particularly at points where curves were tra- 
versed. In the absence, however, of very precise informa- 
tion as to the respective state of repair of the two engines, 
and concerning other points in the design beyond the mere 
position -of the wheels, it would be impossible to deduce 
absolutely definite conclusions from this result. 
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Diagram 6 is taken from an engine of a very similar 
type to that which afforded the last mentioned diagrams 4 
and 5, but with this particular exception, that the height 
of its boiler above rail Jevel (6 ft. 6 in.), is about 1 foot less 
than that of the boiler of the other engine. 

The diagram shows scarcely any oscillation at all, except 
near the middle of the journey, where there has evidently 
been a bad place in the road. It may be here stated that 
the gauge of the railway upon which these experiments 
were made is 5 ft. Of course it is not professed that this 
diagram shows all the oscillations made by the @ngine. 
In this, as in all the other diagrams, all small oscillations 
up to one and the same limit are left out, as only tending 
to complicate the figures. 

Diagram 7 shows that, as is well known, for steady work- 
ing a locomotive must be not only well designed, but 
kept in good order. The diagram is taken from a loco- 
motive of exactly the same type and make as that which 
afforded diagram 6, both locomotives being run at practically 
the same speeds, viz., the former at 13.4 and the latter at 
18 83 miles an hour. In the former locomotive, however (as 
was also the case with all the locomotives excepting that). 
the diayram of which is now being dealt with, the wheels, 
and in fact all the parts, were in thoroughly good conditivn ; 
but in this one the wheels were in bad condition, owing to 
defects in the tyres. This locomotive was generally not in 
good working order, and was destined for the repairing 
shops, 

Diagram 8 shows the oscillation of a locomotive of the 
mixed goods and passenger class»with outside cylinders, 
four coupled driving wheels, one pair of them bebind the 
firebox (diameter of these wheals 5 ft. 6 in.), also a pair of 
leading wheels 8 ft. 6 in. in diameter. The wheel base of 
this engine is 14 ft. The speed here was about the nominal 
one, viz. 29.26 miles an hour, and the oscillation is, as will 
appear further on, chiefly lateral. 

Diagram 9 shows the oscillation of the same engine, run- 
ning at a speed of $2.4 miles an hour, and diagram 10 those 
of the same engine running at 83.8 miles an hour. In this 
case, however, the instrument was adjusted to show vertical 
oscillations only, The diagrams 8, 9, and 10 are uncom- 
monly like each other as to the position of the oscillations, 
and might almost be taken for one and the same diagram 
drawn to their different scales, showing, however, that not 
only, as is exemplified in diagrams 8 and 9, does speed play 
a most prominent part in producing oscillation in a locomo- 
tive; but, as appears from the diagrams 8, 9, and 10, the 
instrument has been faithful to its record of the oscillation 
to which the engine was subjected, either through its own 
action, or the inequalities of the road. 

We trust that experiments may be made with Mr. Car- 
lile’s “‘ seismagraph” on some of our English lines, and if so 
we shall probably have something to say concerning the 
results. Used with judgment and care the instrument is 
capable of affording very valuable information, and its de- 
tails have been well worked out. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
A Leeds Foundry destroyed by Fire-——On Tuesday 
evening last a fire broke out in the iron foundry of Messrs. 
Holroyd, Horsfield, and Co., millwrights and{engineers, and 
before it could be got under the whole of the upper storey, 
with its contents of valuable models, &c., was entirely 
tted. The damage is estimated at about 6000I., apart 
rom the damage caused by water in the lower part of the 
building. 
Capital Expenditure of the Midland Railway.—It ap- 
rs from the statement of accounts issued to the share- 
olders of the Midland Railway Company that, during the 
year ending June 30th, 1876, the capital e diture on 
works in this district has been as follows : Skipton, new 
curve, station, and sidings 15,5381. ; new station at Keigh- 
ley 13681. ; land at Frizinghall 2489/. ; land at Bradford 
25,708/.; new station, bridge and sidings at Calverley 
31651. ; new connecting line at Holbeck 10041. ; extension 
of bonded stores at Leeds 15301.; new sidi at Allofts 
and Methley 11001,; new sidings, &c., at borough, 
Royston, and Wath 35001.; new goods line and station at 
Masboroughs Rotherham, and Holmes 10,500/. ; additional 
line at Brightside 7871. ; new engine shed, bonded stores 
and sidings at Sheffield 16,4571. ; sidings at Woodhouse 
Mill 5722/. ; new sidings, &c. at Staveley, i n, and 
Whillington 12,1001. ; bridge, gasworks, and sidings at 
Chesterfield 22551. ; new cottages at Clay Cross 31251. ; 
= pee passenger station, &c., at Ambergate Junction 
2091. 


Proposed Corporation Expenditure at Leeds.—At a 
meeting of the Leeds Town Council on , it was re- 
solved to apply to Parliament next session for a bill to 
enable the corporation to borrow 250,0001. far exten- 
sions ; to borrow 100,000l. for extensions of the water- 
works system, to buy Hurslet Moor for an additional park, 
and to o power for effecting a large number of street 
improvements. 


Samuel Fox and Company (Limited). — The annual 
report of the directors of this company shows that the 
goons rofits have been 28,0801., or with balance brought 
orw: 48,219/. available for the usual dividend of ten 

cent, besides adding 14,0002 to the reserve fund. The 
irectors state that the Stocksbridge Railway (which runs 
from the Deepcar Station of the Manchester, Sheffield, and 
Lincolnshire system to the works of this company) is 
ney approaching completion, and will soon be available 
or traffic. 





Serious Fire at Hull.—On Tuesday night the saw and 
planing mills ot Meoeme | Hylton and Son, Hull, Le 
en’ destroy: damage being estimated a 
about 20,0001 Thee was a destructive fire on the same 
premises two years ago. 

Reduction in the Price of Low Moor Iron.—The price 
of Low Moor iron has just been reduced 1/. per ton, n g 
Lemar my boiler plates 241., sheets 261., and tube strips 26/ 
per : ‘ 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. — 
MrppLEsBRouGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a fair 
attendance on * at Middlesbrough. Prices were the 
same as last week. No business worthmentioning was done. 
In spite of the well-meaning but, ridiculous attempts of 
saubinieded and interested to. write up the condi- 
tion of trade, the real state affairs in the district is 
melancholy, and is causing the gravest apprehensions and the 
greatest uneasiness in commercial circles. For this reason 
monetary matters the attention of people 
attending the iron market yesterday. 

The Affairs of Thomas Vaughan and Company.--On 
Wednesday last a meeting of creditors and others in 
in the extensive i of Thomas Vaughan and 
Company, was held at Darlin; The pi | were 
private. The official information afterwards communicated 
might be considered diplomatic, but it certainly was not 
voluminous. The object of the meeting was to consider 
pte pay open hy ith Vaughan cna Com ao 
carrying on the works o omas Vaug 
under a trust, and the result was stated to be that the 
committee would continue their labours. We have not 
heard that the difficulties which we pointed out weeks ago 
have been removed. 

The Affairs of Raylton, Dixon, and Co.—On Monday a 
meeting of the creditors of Raylton, Dixon, and Co., ship- 
builders, Middlesbrough, was held at the Hotel in 
that town. Mr. Belk, the solicitor for the debtors, was 
most anxious that the proceedings should ‘be consid 

rivate, but the ee Dail at —— be 
en rt of the meeting, appends an officials 
ment Ssespeteshe ing the real position of the affairs. The 
liabilities of Dixon and Co. are set down at 170,6111, After 
several suggestions and some conversation, it was 

to accept a composition of three shilli in the 
pound, payable over six, twelve, and eighteen months, in 
equal instalments of one shilling at each period. 

The Finished Iron Trade.—Nothing new can be said 
about this branch of industry. Until financial confidence 
is restored there cannot be any improvement. 


NOTES FROM THE NORTH. 

Gtascow, Wednesday. 
Glasgow Pig Iron Market.—The market was flat on 
forenoon, and lower prices were accepted. A 
considerable quantity of iron c hands at 56s. 4d. and 
56s. 3d. cash, closing buyers at latter, with sellers at 
former prices. No business was in the afternoon, 
and the prices remained unc . Messrs. William Baird 
and Co, reduced the price of-their No. 1 Gartsherrie iron 
1s. per ton, and their No. 3 Gartsherrie and Nos. 1 and 3 
linton 6d. per ton; and Messrs. Merry and Cuninghame 
reduced all their brands 6d. per ton. On Friday forenoon 
the market opened at 56s. 3d. cash and 56s. 4}d. fourteen 
days, but it was easier in the afternoon, when 56s. lid. 
cash and 56s. 3d. one month were accepted, closing rather 
sellers at the lower quotation. There was a steady market 
on Monday forenoon, with a limited amount of business 
done in warrants at 50s. 1jd. to 50s. 3d. cash, closing 
with sellers at the higher price. The afternoon market 
was quiet and no business was reported; buyers offered 
56s. 34. and sellers asked 56s.4d.cash. When the market 
opened yesterday forenoon business was done at 56s. 4d. 
fourteen days and 56s. 3d. cash ; thereafter 56s. 3d. four- 
teen days was done, sellers pomsining at that price, and 
buyers at 56s. 14d. prompt cash. The afternoon market 
was quiet, and prices remained as in the forenoon. This 
forenoon the market was in quiet with business done 
in warrants at 56s. 2d. cath, osing sellers over at that 
notation, bayers 56s. 14d. No business was reported in 
the afternoon and prices remained without any change. The 
reductions that have taken place in shipping brands do not 
amount to more than about 6d. per ton overhead, but they 
are taken by buyers as an indication that other reductions 
may follow, and some orders have been held back that 
seemed likely to have been given out some sae when 
another impression prevailed. The lowest ebb does not 
yet appear to have been reached. Special brands are now 
in large bulk in makers’ hands, so much so, indeed, as to 
prevent rw 4 early advance, unless some trade 
should strike up. Last week’s shipments amounted to 

9711: tons as against 11,656 tons in the i 
week of last year. There are 115 blast furnaces in opera- 

tion as against 114 at the same time last year. 


The Malleable Iron Trade.—Manufactured iron still re- 
mains very dull and inactive. The demand keeps much 
below the supply and the result is that prices cannot be 
maintained. Ship plates are now at the lowest price ever 
known, and even under these circumstances, the demand is 
of the most meagre description. 
woes woe Re ae ae ery is sapemes that the 

ing of the foundation stone of this impo engineering 
undettakin, will take place next month. The basin when 
finished will have the following dimensions: Length, 650 ft. ; 
breadth, 400 ft. ; extent of water area, 7} acres ; range of 
tide, 10ft. ; depth of water on sill at high water of spring 
tides, 22 ft. ; at high water of neap tides, 18 ft.8in. ; 
at low water, 12 ft.; height of quay walls from foundation 











to coping, 33ft.; and width of entrance, 60ft. In con- 
nexion with this dock, the Glasgow and South-Western 
Railway Company are out an elaborate series of 
arrangements commensurate with the very extensive coal 
trade that is looked forward to. While laying out an 
abundant railway accommodation, — hese ofa a 
system by which wagons will be t 
level, and, after having been di » will be run back 
ary a low level. One of the advantages of this system is 
that horses will be entirely dispensed with. Five hydraulic 
hoists by Sir William Armstrong will be erected here. The 
engineer for this dock is Mr. Thomas Meik, C.E., Edin- 
burgh, and the contractor is Mr. Scott, of Newcastle. 


Board of Trade Appointment.—Mr. J. Key, the engineer 
who has for some time been manager of the Goole En- 
gineering and Shipbuilding Company (Limited), has been 
appointed first-class engineer surveyor to the Marine De- 
partment of the Board of Trade. There were a thousand 
applicants for six appointments of various , and Mr. 

ey obtained the first appointment, which is not only a 
valuable one, but which shows that Mr. Key is a dis- 
tinguished member of his fession. He received his 
training at Whitebank Engine Works, Kirkcaldy, under 
his uncle, the late Mr. John Key, who established an im- 
portant engineering and shipbuilding business at that place. 


I: t Admiralty Shipbuilding Order. — Messrs. 
John and Co, have just contracted with the Admiralty 
to construct six corvettes of steel and teak wood. The 
announcement of the fact has been received with gratifica- 
tion all over the , and particularly in Govan, where 
the penn nage of the company is situated. The names of 
the vy which have just been approved of by the 
Admiralty, are as follows: Comus, Champion, Carysfort, 
Cleopatra, and Conquest. They are to be single- 
serew steel and iron corvettes of 2300 tons each. 


Shipbuilding Contracts at Port Glasgow. — Messrs. 
Russell and Co., shipbuilders, Port Glasgow, have recently 
closed a contract to built an iron sailing vessel of about 
1200 tons ; and the same firm have also just laid down the 
keel of a ship of somewhat similar dimensions. It is 
understood that ‘a contract has also been closed lately by 
another Port @ w shipbuilding firm for a Glasgow 
house to build an iron sailin ing vessel of 1700 tons, at the 


hemp ay low figure of 13s. 10s. per ton. This 
vessel is to be fitted with four masts. 


in upon a high 





Coa. mn lowa.—The Iowa, Coal, Railway and Manufac- 

ing Company has, during the past year, constructed a line 

34 miles in length from the Chicago and North-Western 

Railway, near B: ro, Lowa, to its mines in Boone 

ee The new line is intended chiefly to move coal from 
e mines. 


Potsonous GasEs In S—wERs.—Mr. Carter, the coroner 
for East Surrey, continued an inquest last Monday on the 
body of a man who had lost his life on the 9th inst. in a 
sewer in the New-road, Battersea, owing to the escape of 

from some heighbouring chemical works. The matter 
ca + excitement in the district, and has been 
ht before the i , who were repre- 
attheinquiry. It appears that on the day named three 
men went down the sewer at 8 a.m., and worked in,removing 
the deposit of sand, &c., without experiencing the slightest 
inconvenience. But on returning after dinner they found 
the water hot, and emitting large quantities of sulphurous 
acid gas. Twoof the men escaped, but the third fell a 
victim to the gas. The water of the sewer was described as 
covered with a scum, which down in lumps from 
Wallace’s sulphuric acid works, and the effect was stated 
as nearly ‘‘ cutting the throat,”’ the gas escaping like the 
effervescence of a newly-opened ginger-beer bottle. It 
seems that this has been going on for some time, {and occa- 
sionally was so bad as to prevent the men working in the 
sewers. A medical witness stated in evidence that at times 
all the street grids in the neighbourhood emitted dense 
fumes of sulphurous acid gas, and owing to this a public 
meeting had been held to protest against the nuisance. The 
Metropolitan Board have taken the matter up vigorously, 
together with the Local Board of Wandsworth. 


Rearing Macurinx Triats.—The Royal i 
Society’s trials of reaping machines, in’ ted by rain on 
Friday and Saturday, were concluded on Monday, The 
a (151.), second prize (107.), and or (52.), 
for the best machines, with self-delivery in sheaf, were 
awarded to R. Hornsby and Sons, of Grantham, Lincoln- 
shire. Two other machines of Messrs. Hornsby were 
highly commended, and one of the Johnston Harvester 
Company commended. For the best reaping machine, with 
self-delivery in swathe, the second prize (10/.) was awarded 
to the Beverley Iron and Wagon Soneuam, the first prize 
(20/.) being withheld, as the swathes were not so 
laid as they ought to be. For the best combi mae 
and mower, without self-delivery, the first prize (15/.), 
second prize (10/.), and third prize Gl) were a to 
machines . Hornsby and , and another machine 
of the same firm was hig . Forthe best one- 
horse reaping machine, the first prize (151.) and second 
prize (10/.) were awarded to . 

machines 


ectly 


for a ri eng A ; 
reaper of William Mattison, of Leeming Bar, Bedale, 
Yorkshire, was hi commended. During four days 
rome Messrs. Aveling and Porter’s combination of a 
Crosskill reaping machine, with a traction cngine, proved 
its ability to reap wheat and barley, both light and laid 

well as on level land, and pice 


society’s special gold medal. Messrs. Aveling 
illustrated and ibed 
a described by us on page 
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THE PHILADELPHIA EXHIBITION. 

Tue abrupt recall of Mr. Archer from Phila- 
délphia in the midst of his career as a British 
Commissioner has surprised every one, and probably 
none more than the person chiefly interested. This 
event affords a good occasion for reviewing the 
principal features that have marked the progress of 
the Commission from its first organisation to the 
present time. 

These events may be summarised as follows: 
1. The action of the Government in making a large 
grant for the purpose of properly and officially re- 
presenting Great Britain at the Philadelphia Exhi- 
bition. 2. The appointment of Mr. Owen to the 
post of Executive Commissioner, 3. The supersed- 
ing of Mr. Owen, and the establishing his assistant, 
Colonel Sandford, in his place, with Mr. Archer to 
help him. 4. The recall of Mr, Archer; and 5, the 
appointment of three honorary British Commis- 
sloners—two of them Americans—presumably to 
take Mr, Archer's place. Probably before the con- 
clusion of the Exhibition, and the subsequent. busi- 
ness connected with it, there will be some more strik- 
ing points to add to the foregoing, and these we will 
notice as they arise. 

Every one applauded, and with reason, the liberal 
action of the Government in making a large grant 
of money to defray the official expenses at the 
Philadelphia Exhibition. A parsimonious adminis- 
tration had shown a miserable spirit of economy in 
this respect at the Vienna Exhibition, and it was 
only with the greatest care and good judgment, 





combined with private aid and a ss 

nt, that the Commission pulled through at all. 
But at Philadelphia it was to be different. There, 
whatever reluctance British manufacturers might 
show in coming forward as exhibitors, the Com- 
mission at least should be worthy of the two 
kindred countries. 

And everybody who had the success of the 
English portion of the Exhibition at heart felt 
satisfied when it was known that Mr. Philip C. Owen 
was going to act as Executive Commissioner; 
every one felt assured that, thanks to his experience 
and ability, the interests of British exhibitors would 
be fully upheld. How entirely this wise selection 
of the Government was appreciated in America, 
was only realised during the period of Mr, Owen’s 
visit to that country when he rendered such 
efficient aid to the American executive, and which 
led to the complication that resulted in his retire- 
ment. This retirement was followed by the ap- 

ointment of Colonel Sandford and Mr. Archer as 

r. Owen’s successors, and here the troubles of the 
Commission began. At the time of these appoint- 
ments we protested strongly against the grave error 
of selecting two gentlemen, who, however t 
their general abilities may be, were unsuited for a 
position requiring special qualifications and previous 
experience, and the oo which we urged were 
so fully shared by English manufacturers, that 
many of those who had undertaken to exhibit, failed 
to do so, whilst more, who are represented at Phila- 
delphia, regret the a they have taken. Sub- 
sequent events have fully justified the criticisms we 
passed ; the Commissioners found themselves unable 
to cope with the difficulties they encountered, 
although these difficulties were comparatively light, 
and although they were supported by ample funds, 
and encouraged by the kindly feeling of the 
Americans. British ‘exhibitors complained with 
reason of the lack of the care and assistance they had 
a right to expect from their Commissioners, and 
Americans were disappointed, because instead of the 
Commission maintaining the prominent position 
established by Mr. Owen, it sank into insignificance. 
Even worse, however, than this, rumours of internal 
dissensions among the Commissioners were freely 
circulated in the Exhibition, and Mr. Archer, upon 
whom had devolved all the active work of the Com- 
mission, rendered himself unpopular among the staff, 
the exhibitors, and other Commissioners. Nor did 
matters in this respect improve ; on the contrary, the 
ill-feeling gathered strength, and on one occasion at 
least resulted in an open rupture between Mr 
Archer and Mr. MacIntyre, the Victorian Commis- 
sioner, We reproduce the history of this rupture on 
another page as reported in an American paper. 
The following extract from an article in The Colonies 
also indicates the spirit with which the action of the 
Commissioners is regarded in Australia - 

TasMANIA.—This department is under the supervision of 
one of the most intelligent and i ndent commissioners 
that our Southern Colonies have sent here, and really inde- 
pendence counts for a great i in America this year, as 
there has been a lamentable falling short of the fostering 
care and pride in bringing forward the offspring of the 
British Lion on behalf of the British Commissioners, which 
when English gentlemen are placed in representative 
positions of power and trust abroad, I have, I am happy to 
say, always seen and heard of; and but for the spirited 
conduct of the Victorian and C ian Commissioners 
in asserting their independent commissions to the 
United States, the Colonies would have been very little 
heard of, or thought of in Americas . . 1... 5s. 
That most of the Colonial Commissioners when they return 
home will nigh deeply at the way they have been treated 
by the mother country’s commissioners is quite ap t 
but it would have saved a probably prolonged feeling of 
irritation on the subject in the colomes if they had at once, 
as one of the Victorian Commissioners and the i 
one have already done, asserted their absolute i 
of any authority in the Exhibition, when they found that 
one of the gentlemen appointed ap; to have neither 
the tact nor ability to take them by the hand, as every 
one he would have done. 

Now this spirit of hostility thus needlessly created 
was about as mischievous a piece of work as could 
possibly be conceived. It was not to be reasonably 
expected that the colonial exhibitors who, quite in- 
dependantly of English aid, had contributed to make 
a striking and remarkably praiseworthy show at 
Philadelphia, would have felt satisfied had their re- 
spective Commissioners allowed themselves to oc- 
cupy the subordinate position to which Mr, Archer 
desired to consign them, Had Mr. Owen’s policy 
been carried out, had the British Commission acted 
towards the Colonies with the consideration to which 
they were entitled, had St. a House been 
made the common centre at which England and the 
Colonies could meet on equal grounds, if in short 








the Colonial Commissioners had been treated with 
ordinary tact and delicacy, these deplorable dif- 
ferences, which have made us ridiculous at ‘Phila- 
delphia, and the memory of which will not be quickly 
effaced, would never have taken place. Besides these 
graver matters there have been, of course, a number 


of minor troubles—the bad taste displayed in the 
catalogue, the complication with Mr. ing, which 
resulted in his abrupt return, and so forth—to which 


we —e a a allude now. 

i y increasing complications the British 
Commission has advanced to its present stage, 
marked by two startling and recent events, The first 
of them was the recall of Mr, Archer, Without any 
wy we intimation, this gentleman received advice 

rom head-quarters at home, that his presence in 
Philadelphia was no longer necessary, coupled with 
instructions to return home immediately, not to the 
London office of the Commission, but to Edinburgh, 
that he might resume undisturbed his duties in the 
museum there. The questions naturally arise: was 
this abrupt official action necessary, and was it 
wise ? further, has not the Government ineffectually 
endeavoured to correct the error it made first in 
appointing Mr. Archer to a for which they 
now find he was not qualified, without due con- 
2 aga of the consequences to Mr. Archer him- 


So abrupt a summons to abandon an honourable 
position could only be justified by the weightiest 
reasons; and we feel assured that no such causes 
existed to warrant this summary course. It was plain, 
as we pointed out long since, that Mr, Archer was un- 
suited for the post; but those who elected him are 
responsible for the error they made. It is un- 
fortunately too true that he browbeat exhibitors, as 
for example in the Lincoln and Bennett show-case 
matter, instead of treating them with proper courtesy ; 
it is true he quarrelled with the Colonial Com- 
missioner, who declined to approach him in a 
sufficiently humble spirit ; but granting, for the sake 
of argument, that there have been shown the 
extremest degrees of inefficiency, want of tact, and 
arrogance, would this justify a course which cannot 
fail to damage Mr. Archer during the remainder of 
his career, and to mark him as the Abruptly-recalled 
Commissioner? We say decidedly not. If the 
reasons were sufficient to justify the Government in 
relieving him of the burden of his position, it should 
at least have been.done gradually and quietly, in- 
stead of suddenly and conspicuously, N o amount 
of complimentary official letters can remove the 
harm thus done, no explanation can explain it away. 
Whether the real reason of this course will be ever 
—— known, we cannot predict, but we presume 

. Archer will scarcely accept the present position 
of affairs mutely. It is clear that the duties of the 
Commission were not so light that the active 
member of it was not required, for it should be re- 
membered that Colonel ‘Bandford shines chiefly, if 
not entirely, as an ornamental functionary, and the 
work to be done at the close of an exhibition is, as 
every one knows, at least as heavy as that at the be. 
ginning. Nor is such a recall as that of Mr. Archer 
to be satisfactorily ascribed to his unpe ularity. 
Only a short time since, a question as ed in the 
House upon this point received a decided negative 
in reply. We have therefore to look to the other 
side of the Atlantic for the initial action which, 
transferred to London, dictated or influenced Mr. 
Archer’s removal, Intothe reasons for this action we 
will not now inquire deeply ; they will undoubtedly 
be called for in the future ; meantime it is enough to 
say that the joint executive scheme has failed, 
and that Colonel Sandford remains the sole Com- 
missioper, with no one to participate in the glory 
—or the blame—which will accrue when the reckon- 
ing day arrives. 

We now come to the final phase of the British 
Commission —that is up to date. In order to pay a 
ie eg to the hospitality shown by American 
to English visitors, two prominent Philadelphia 
citizens, namely, Mr. G. W. Childs, the editor of the 
Philadelphia Ledger, and Mr. Drexel, the well-known 
banker, have been made honorary British Commis- 
sioners, and Mr, meee Ws the English Consul, 
has been also invested with the same dignity. To 
our mind this is the crowning blunder of the series. 
As in the case of Mr. Archer, we ask why? The 
reason given above is too weak to bear investigation. 
rae to us no honour derivable from being 
attached to the administration at St. 's House. 
Or if there be an unseen compliment involved therein, 
it is evident that the selection of any two American 
gentlemen must give offence to a thomend others, 
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urses have been as open, — whose 
thies are as warm to Englishmen as these two, 
coipanet for the fag end of a season into British 
Commissioners. Did Colonel Sandford, or Mr. 
Trendall, who is active under the shadow of his 
chief, assume that three honorary Commissioners 
are equal to one recalled one ; or did they, fearful 
of their own ability, suggest for their greater 
security that this honour (?) should be conferred 
upon these gentlemen co ous for ability, tact, 
and knowledge of the world, and who, moreover, 
would not seek to snatch at any of the Commis- 
sioner’s somewhat blighted laurel-branches? As in 
the case of Mr. Archer, itis fair to assume that their 
appointments were suggested from Philadelphia, and 
the real cause we leave to time to explain. 

We suppose it will be our duty before the shutters 
are finally closed at St. George’s House, again to 
record further mistakes. We have already pointed 
out that at no previous exhibition have such favour- 
able opportunities existed for promoting goodwill, 
and strengthening ties between English-speaking 
nations, and we fear that the occasion has been lost 
without recall. 


ROUSSEAUD’S AUTOMATIC RAILWAY 
SIGNALS. 

In our impression of the 26th of May we gave a 
description of Rousseau's automatic signals, and in 
our issue for last week we published a letter from 
‘J, M.,” in which he embraces the opportunity of 
describing an improvement, termed the ‘ Rousseau 
absolute safety” system. 

We have carefully read through ‘‘J.M.’s” remarks, 
and we see no reason to depart from, or to modify, 
the opinions expressed by us in our first-named 
impression. Those opinions are based mainly upon 
the system described, viz., the ‘single signal ” 
system; but it would seem that the “absolute 
safety” system differs from it only in that it is a 
duplicate system having two signals instead of one, 
each of which are dependent for their interaction 
the one upon the other, so that at all times one of 
them shall exhibit the danger, or that which in case 
of the failure of the other is tantamount to the danger 
signal, Both systems alike are worked upon the 
momentary current principle, and although we 
readily recognise the advantages which the dupli- 
cate system enjoys over the single system, their 
basis being the same, we cannot agree with our cor- 
respondent in its absolute safety. 

In an article which will be found in our impression 
of the 18th inst., we have expressed our views on 
the subject of automatic railway signalling, and 
having in view the high issue at stake, we cannot 
enforce too strongly the principles there enunciated, 
viz., that the agency by which the safety signal is 
produced must be, and remain, active during the 
existence of such signal. This cannot be obtained 
with any momentary current system, and without 
it, whatever care may be taken in working the 
signals, however fully and ——— the regulations 
for working them may be drawn, however well the 
apparatus itself may be constructed, no such system 
can be pronounced safest of its kind. Here in 
England, independent of those ordinary casualties 
inherent in every mechanical or electrical applica- 
tion, we are accustomed to regard with jealousy the 
effects which atmospheric electricity may have upon 
apparatus of this character. It may be, as stated in 
our correspondent’s letter, that ‘‘ twice only has the 
effect of atmospheric electricity been felt in the 
lines in use,” . . . “ but in neither case did the 
signals change ;” but here at all events it is found a 
more frequent visitor, and one whose effects are not 
so thoroughly disposed of by lightning arresters, or 
lightning protectors, as would appear to be the 
—— of “ J. M.” 

e are unable to =a the misconception 
under which our correspondent considers our ques- 
tion as to what would be the result were the wire in 
connexion with the commutator a (Tig. 1, p. 428, 
vol, —— become severed during the time the train 
is travelling between a and a’, tobe put. The rssult 
is that clearly put by our correspondent himself. The 
signal would stand at a// clear for a following train, 
which train would be unable to alter it, and it would 
remain so until the electrical communication was 
restored, Of course it would be for the driver, or 
for the guard, to look to the safety of the train if he 
performed his duty, as he probably would, did he 
notice the defective action of the signal. It is not 
thus, however, that the merits of a system must be 
considered. Any omission to perform its proposed 
duties, or anything leading up to such, must be re- 











garded independently of any redeeming qualifica- 
tions to be Sptained’ from other sousenes If it is 
possible for the signal to be retained at all clear 
when it is required to stand at danger it is a defect 
in the system itself, and must be so regarded by 
every disinterested mind. 

Nor do we think the system we have discussed, 
nor any other system, can be gauged entirely by 
the fact that it has been successful in performing its 
work without casualty for a period of three years 
over a short section of line over which the trains 
number 158 a day. On an ordinary day the number of 
trains passing in and out of the Cannon-street station 
is close upon 750, and on Whit Monday last the 
number was 851. The whole of these, or very nearly 
the whole, have to cross each other’s ew by and 
they are worked entirely by the block system ; but 
although this enormous c has been so far worked 
in this manner without accident, we should be far 
from saying that it proves the system to be immacu- 
late, and absolutely safe. No doubt the signalmen 
are all our correspondent describes—sober, intelli- 
gent, wide awake, and not absent-minded ; although 
it is questionable if they ‘receive a good e 
for so being. The freedom from accident is no 
doubt due in a great measure to careful supervision 
and control, to the care of the engine-drivers, and 
many other causes incident to a well - managed 
system. 

There seems to our mind a strange contradiction 
in the statement of our correspondent that ‘‘ The 
‘all clear’ signal is only given to the engine-driver 
in the single system by seeing the signal work, and 
in the double system by seeing the ‘ clear’ signal on 
the second post. In all other cases it is to the 
driver a danger signal continually set.” In the one 
case the man has to regard a signal standing at 
clear as danger, and not to proceed until he sees it 
turned to danger, whilst in the other he is to pro- 
ceed only when it stands at clear. Use is second 
nature, and no doubt men accustomed to the road 
and to the signals would find no difficulty in recog- 
nising which was which, but to the uninitiated there 
does not seem that clearness and simplicity desirable 
to provide against error. 

regards the form of the signal we fear our 
correspondent has somewhat misunderstood the 
direction of our remarks, which clearly have reference 
to the application of the system to existing signals 
in use upon English lines. We offer no objection 
to the form adopted by Mr. Rousseau ; but we fail to 
follow him in his reference to the Abbotts Ripton 
accident, which resulted solely from the signal arms 
and wires having become clogged with snow. Now 
we have not raised the point before, but as attention 
has been directed toit, we must say it is not so clear 
that the employment of the Rousseau, system would 
have been so effectual in preventing it, as in the 
opinion of our correspondent, for it is questionable 
if a signal such as that employed by Mr. Rousseau 
would not have been so coated with the snow as to 
have thoroughly obscured the signal within the case. 

It must not be thought we are in accord with our 
correspondent in his view of the relative advantages 
of automatic and hand signalling. Where block 
signals are in use, and worked by hand, there must 
be a concurrence of irregularities to produce mischief, 
and even admitting that negligence or omission may 
exist at one station, it is highly improbable it will 
exist at the next. The one station holds the other 
in subjection, and this for his own security. Nor 
must it be thought our engine-drivers are indifferent 
to the working of the signals, which are to them 
personally, independent of their duty, a means of 
protection. By whatever means signals are worked, 
these men are fully alive to the necessity of their 
being worked as they ought to be. 

The Rousseau system is no doubt as perfect as 
many systems of hand block signals, but we cannot 
agree with our correspondent in its absolute safety. 
It is a step in the right direction, but it is not 
established on principles such as we can advocate 
for the sole protection of the traffic of a line of rail- 
way. 





THE TAY BRIDGE. 

Tue formal inspection, last week, of the works 
connected with the Tay Bridge by a number 
of the members of the Cleveland Institute of En- 
gineers, and the of the ,near completion 
of the undertaking, have drawn towards it a feeling 
of interest and ty Jon of Po shall here —— 
to ify by a description o resent position an 
ies ae § ~' the bridge, and the important rail- 
way scheme to which its construction is necessary. 





The first stone of the Tay Bridge was laid on the 
Fifeshire side of the Tay in the month of July, 
1871. The estimated cost of the undertaking was 
from 200,000/. to 220,000/. The first contractors 
were Messrs. Charles de Bergue and Co., of Man. 
chester and London. It is almost needless to ob- 
serve that the object of the undertaking was that of 
connecting the important manufacturing town of 
Dundee with the North British Railway Company’s 
branch between Edinburgh and Tayport. It was 
expected that the —_ of this bridge would not 
te) Rf furnish the North British Railway Company 
with the shortest route between Edinburgh and 
Glasgow and Dundee, but would also ide an im- 
roved means of transit for the ugh traflic 

tween England and the east of Scotland, and 
would lead to the development of a large coal traffic 
from the west of Fife to Dundee and other towns 
in the shires of Forfar and Perth, besides con- 
tributing to a largely increased passenger traffic with 
the ancient episcopal city of St. Andrews. 

The length of the Tay Bridge is 10,321 ft., and in 
shape it is not unlike the letter S. It is the longest 
bridge over a running streamin the world. On this 
account its construction was looked upon as one of 
the most important engineering works of recent 
times, Nor was it in t of length alone that it 
claimed to be unique, and threatened to tax all the 
constructive resources of its builders. It was beset 
with even greater difficulties on account of the Tay 
being a tidal river, liable to enormous floods, and ex- 

to blasts of wind from east to west, which seemed 
likely not only to hinder the pro of the work, but 
to destroy such progress as had actually been made. 
But Mr. Bouch, the engineer, the contractors, and 
others who were directly concerned in its completion 
had full confidence in the practicability of the 
undertaking, and the advantages which it promised 
were so obvious and so considerable that when the 
needful Act of Parliament was obtained, and the 
scheme fairly floated, the shares for the required 
capital of 350,000/. were soon subscribed asa special 
and separate undertaking. 

As originally planned, it was intended that the 
bridge should consist of 89 spans—which, counting 
from the Fife side, were proposed to conform to the 
following arrangement—three spans of 60 ft., two 
spans of 80ft., 22 spans of 120 ft., rising 1 in 358, 
14 spans of 200 ft. on the level, reaching the centre 
of the bridge, which was to be 88ft. above high 
water, or 21ft. more above high water than the 
elevation of the first span on the Fife side, Count- 
ing from the centre of the bridge to the Dundee 
side there were to be 16 spans of 120tt., declinin, 
1 in 73, 25 spans of 60 ft., one of 160ft., and six o 
28 ft., the gradient being gradually reduced until 
the original level on the other side was attained, 
Since the contract passed from the hands of Messrs. 
de Bergue and Company to those of the present 
contractors, Messrs. Hopkins, Gilkes, and Co., the 
number of spans has been reduced to 85 by increas. 
ing some of the centre spans to 245 ft. 

n the construction of the piers the method 
adopted by Messrs. Charles de Bergue and Co, was 
to lay down in the harbour, which is quite dry at 
low water, two iron cylinders, each having at the 
base a diameter of 9 ft. 6in. and rising in conical 
form to a height of 8 ft., where the diameter is re- 
duced to 8 ft. 6in. On the top of these cylinders 
the pier was built of brickwork up to low water 
level, this brickwork being enclosed within cast- 
iron rings. The pief, weighing 80 tons, was then 
floated out between two pontoons, and by means of 
hydraulic apparatus was lowered into the stream. 

ext came the sinking of the pier down through 
the sand and gravel to the foundation, which 
varied in different —_ of the stream. For this 
purpose a diving-bell was placed on the top of 
the pier, and by means of an engine, a strong 
current of air was pumped down through a shaft 
3ft. 6in, in diameter, which was left open in 
the centre of the brickwork, the cylinder at the 
bottom being, of course, left open. In this way the 
water was forced out from beneath the cylinder, 
and the pier ually subsided. Having thus got 
the interior of the cylinder quite dry, three men 
athe to om ~ or a 
ordi diving while other two remained a 
the top. Those who went below dug out the sand 
and gravel, which was conveyed up through the 
shaft in buckets and passed out through a shoot. 
This process was continued until the rock was 
reached, and 


the whole space used for working was 
filled in with concrete consisting of five parts of 
gravel and sand and one part of cement. The work 
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of laying the piers became more difficult as the 
centre of the stream was approached, jutting rocks 
having been encountered on the Fife side of the 
water, and great boulders of stone, which had 
evidently been dislodged from the cliffs in front. 
Hence the contractors sometimes found when the 
cylinders were put down that they were partly rest- 
ing on a boulder of rock and y on a quicksand ; 
this caused the cylinders to get out of level, an 
some of them were overthrown into the water, and 
caused much trouble and anxiety. Attributing this 
mishap in some degrée to the fact that the cylinders 
on which the pier was built had been braced to- 
gether at the top and not at the bottom, the plan 
of bracing was reversed by the contractors, and the 
results were more satisfactory. On the other side 
of the Tay the bottom of the river was of pure 
sand, which rendered it unnecessary to employ ex- 
cavators in sinking. Water was forced into the 
columns under high pressure, and the sand was 
washed out from the bottom until the foundation, 
which was of blue clay, was attained. Different ar- 
rangements were, of course, adopted to meet the 
ever-varying circumstances of the work, but subject 
to occasional modifications these were the general 
principles adopted by Messrs. de Bergue and Co., 
while the contract was in their hands. 

On the death of Mr. Charles de Bergue, about 
two years ago, the contract for the Tay Bridge was 
transferred to Messrs. Hopkins, Gilkes, and Co., of 
Middlesbrough, who immediately proceeded to 
modify the plans and profit by the experience of 
their predecessors. ‘To form the piers, which are 
really nothing more than artificial rock foundations 
in their lower parts, an iron cylinder of 31 ft. 
diameter was built on shore, to the height of 
20 ft., and inside of this a brick lining, 14 in. 
thick, was constructed without any bottom, After 
the brick lining has been introduced, the caisson 
is built with iron as before to.the further height 
of 20 ft., but as the latter is only a temporary 
portion of the structure, no brickwork is intro- 
duced. The upper half is then fastened to the 
lower half by a number of bolts which are afterwards 
removed, and the connexion between the two 
parts severed at pleasure. The cylinder is then 
40 ft. high and weighs about 200 tons. In this state 
it is floated out to its place in the middle of the 
stream between two heavy barges specially con- 
structed for the purpose. When it has been towed 
to its site the caisson is lowered by specially con- 
structed hydraulic apparatus, retaining its posi- 
tion between the barges or pontoons all the while 
until it is securely founded on the bottom of the 
river. The carrying girders are then withdrawn, 
and sand pumps, aided by the divers, are employed 
to pump out the sand within the pier, the divers 
going down below to guide the hose by which the 
sand is brought up from the bed of the stream. 
the sand is gradually pumped out from below, the 
cylinder sinks down by its own weight until it 
reaches the gravel bed about 18 ft. under the bed 
of the stream. The whole space inside wy) we: for 
the first 20 ft. from the bottom is then filled up 
with concrete in Portland cement. ‘The next stage 
in the interesting process is the removal of the bolts 
which connect the temporary with the permanent 
part of the erection, and after the former has been 
withdrawn it is removed by the pontoons in the same 
way as it was carried to the p where its duty 
has been discharged. Upon this removal teking 
place, a level platform 31 ft. in diameter, rising 2 ft. 
above the river bottom and resting with its lower 
base on the gravel, is left as the foundation of the 
superstructure, which has afterwards to be raised 
to the height of over 80 ft. The obstacles arising 
out of the imperfect and unsuitable character of the 
bottom of the river have been so far got rid of, 
that there has not been any necessity to drive piles 
for more than four piers since the present con- 
tractors entered upon the work. 

On the top of the level foundations thus obtained 
a brick pier of hexagonal shape is built 27 ft. in the 
direction of the current, and 16ft. in the direction 
of the bridge, the latter being at right. angles. 
The brick pier is also built on shore to the height of 
22ft, At this height it will reach above low water 
after being placed on the top of the artificially con- 
strueted foundation already described. The con- 
struction of the brick piers is proceeded with in the 
ordinary way for a certain number of hours each 
day, according to the facilities afforded by the tides. 
Four courses of ashlar stone 5 ft, in thickness carry 
the pier from the brickwork to about 5 ft. above 
high water, from which it is carried to a further 





height of 80 ft. by six cast-iron columns, the four 
centre ones being 15 in. in diameter, and the two 
outer ones—up and down in the direction of the 
current—about 18in. The girders forming the 
superstructure are also put together and rivetted 
on shore, after which they are floated out on two 
barges on the top of the tide, and deposited there- 
by on the top of these spans 5 ft. above high water. 
They are afterwards raised by hydraulic power, and 
the piers themselves are simultaneously built up 
until the underside of the girders reaches a height 
of 88 ft. above high water. The weight of each of 
these spans is about 180 tons. 

For a long time very little progress was made in 
the work of construction on account of the experi- 
mental character of the operations and the frequent 
accidents that befel. Daring the last eighteen 
months, however, very substantial progress has been 
made. The work has been more thoroughly systema- 
tised, difficulties have been more readily overcome, 
and the laying down of a set programme for each 
week and for each month has enabled the con- 
tractors to estimate with ———- accuracy 
the date of completion. That date has been placed 
at only a year hence, but as the contractors’ san- 
guine estimates may seem to others impossible of 
realisation, it may be well to describe exactly the 
present position of the undertaking. Beginning 
then on the south or Fifeshire side of the Tay, we 
find that piers Nos. 1 to 15 are completed, and the 
superstructure on the top, although not quite fixed, 
in position. The platform and the longitudinal 
sleepers are being laid for the rails and planking, in 
order to get as many men as 
at as many points as possible, Pier No. 17 is in 
course of construction, and so also is pier No. 18, 
although neither of them appear as yet above the 
water, Piers Nos. 22 to 26, both inclusive, are 
completed, and the superstructure fixed in position. 
Pier No. 27 is nearly finished. The latter pier 
brings us to the first of the piers of 245 ft. span, 
the first of which on the south side is called No. XIV. 
This and the two following piers, which are 
numbered XIII. and XII., are finished up to high 
water, and the girders are placed on them at that 


height, ready for being elevated to the top. Pier | tracto: 


No. XI. is nearly finished between high and low 
water. For pier No. X. the foundation is being 
sunk to the lower part of the pier. We then come 
to No. V., which is also in course of being sunk, 
Pier IV. is being filled with concrete, andjfinished up 
to high-water mark, where it will be ready to receive 
the girders. Piers Nos, II. and I. are finished up to 
the top, and the girders are being hoisted to their 
definite position. The Roman numerals adopted 
in the numbering of the foregoing piers have been 
adopted because of the reduction of the number of 
piers from 88 to 85, and the disinclination of 


As|the contractors to disturb the numeration of the 
ote already constructed at either side of the river. |- 


iers, we come on the Dundee 
side to No. 46, which is finished up to high water, 
and the girders placed in position. From Nos, 47 
to 57 the piers are finished to the top, and the girders 
erected. The girder between Nos, 57 and 58 is not 
yet placed, but No. 58 is ready, and from Nos, 57 
to 89 the piers are all in position. Altogether the 
contractors calculate that the bridge is fully two- 
thirds advanced towards completion, while in point 
of time they look upon the progress already made 
as five-sixths of the whole. It is intended to begin 
the use of electric lights, with the view of counter- 
acting the effects of the short evenings that will 
soon interpose to hinder the 
and night and day shifts will be carried on, so that 
the operatiou on shore may keep with the work 
on the river. At the present time, moreover, the 
work is so arranged that every month one of the large 
spans is finished and placed in its position, and there 
seems nothing to prevent the completion of the ten 
spans yet remaining to be executed within twelve 
months, except unforeseen contingencies, which will, 
of course, be as far as possible provided for. For 
the sake of ter security the line will be laid 
from one end of the bridge to the other with 

rails. About five hun men are now employed 
on the undertaking, and some operations, such as 


ving the centre 


the filling in of concrete, are being carried on both | ; 


day and night. 
The progress made with the other works accessory 


to the Tay Bridge scheme is not quite correspondent | © 


to that of the bridge itself. ‘The North British 
Railway Company are layi i 
from from Leuchars, about five miles distant from 
the bridge on the south side, and this branch is 


ossible at the work, | as 


pan of the work, alo 


down a line of rails | ici. 


nearly finished. On the north side of the Tay the 
bridge runs into a tunnel along the docks, and comes 
out again on the other side near to the East 
Caledonian Station. Here the principal station of 
the North British Railway Company will be con- 
structed underground, but the works, which promise 
to be rather extensive, have not yet been begun, and 
it is feared that they will not be sufficiently advanced 
to enable the bridge to be formally opened for 
traffic when it has been handed over to the railway 
company by the contractors, 





THE EXPLOSION ON BOARD H.MS. 
Reyes THUNDERER. 

T the beginning of the sixth week of their service, the 
jy — on the bodies of the forty-five men who were 

led by the explosion on board H.M.S. Thunderer on the 
14th July, have on Monday last, the eighth day of their 
sitting, commenced that part of their investigation which 
relates to the cause of the explosion. The inquest has been 
from time to time adjourned to enable scientific witnesses 
to get up their evidence and to afford time for the construc- 
= of a ery of the exploded al Fa the preparation 
of several diagrams ry of the arrangement of 
the boilers, steam pipes, stop valves, and safety valves that 
have to be ref to in the examination of witnesses. The 
inquest is being held at Haslar Hospital before one of the 
= — ng Pg FA aoe trogen law 
agent, suppo! - m Fletcher, as engineer 
assessor, and by Me Ww. H. Garrington, the coroner of 
Portsmouth. 
_ The Admiralty arerepresented —: Staveley Hill,Q.C., 
instructed by Mr. Bristowe, and the contractors are repre- 
sented by the Hon. A. Thesiger, Q.C., and Mr. Bullen, in- 
structed by Messrs. W. Ford and Son. Mr. Jenkins, C.E. 
brother to one of the deceased, had a seat beside the counsel 
represen’ several of the relatives of the deceased 
Captain Waddilove, captain of the Steam Reserve, who 
gave evidence on the first day of the inquest, was recalled 
and cross-examined by the Hon. A. Thesiger. Captain 
Waddilove in March, 1874, was appointed to the command 
of the Steam Reserve at Portsmouth. TheThunderer was 
then in Portsmouth Harbour, having in the spring of 1873 
come round under steam from Pembroke, where she was 
built and engined. He believed she was brought round 
under the c of her manufacturers—he was not pre- 
pared to say that she was brought round by the Govern- 
ment o: . Admiral Houston Stewart was then Con- 
troller of the Navy. 
Mr. Thesiger here put in the following letter to the con- 

rs : 


** Admiralty, 8.W., April 5, 1875. 
“‘Gentlemen,—I beg leave to inform you that the Ports- 
mouth — saaeitilty ef keg . to — aed of - = 
responsi eeping the engines o e 
Thunderer in order from the present time until they are 
properly tried and - 
‘**2. It is, however, to be wom understood that you 
will be, as usual, responsible for the proper performance 
and efficiency of the — for twelve months after a 


are accepted by the iralty, observing that they wi 
not be eeeapted until ws bow been tried at the measured 
mile, when the ship has completed. 
“Tam, tlemen, your obedient servant, 
W. Houston Stewart, Controller. 
‘‘ Messrs. Humphrys, Tennant, and Co., 
** Deptford Pier, 8.E.” 

Captain Waddilove, in answer to further gueviiene by 
Mr. Thesiger, said that between April, 1873, and the 
time of the trial, in 1876, the responsibility of kee the 
engines in order was by the Government. e term 
Steam Reserve included ove ey not actually in commis- 
sion. A ship in the Steam e might have her engines 
and boilers entirely in the hands of the contractors, and 
her hull and its fittings entirely in the hands of the dock- 

aod, Berane Or a chief ineer and a small staff 
to assist in looking after her, to acquaint themselves 
with her construction and the working of her engines and 
boilers by the time when they would come under their sole 
one. ing this time, if the ship is out in the stream, 
the Captain of the Steam Reserve pore ship-keepers, 
and is responsible for looking after so far as ent- 
ing fire and goes. If she isin the basin 


tance from the Steam Reserve for the performance of any 
ae i, but ve be Br ggewes Aun the hands of 

e dockyard as er hull, » oi rom any special 
order, in the hands of the manufacturers of the boilers as 
to that, it being the duty of the Captain of the Steam Re- 
serve topay attention to her swanteel iitiaigs, with a view of 
suggesting any alterations he might think necessary before 
the ship is too far advanced to enable it to be done. During 
that period all examination of engines and boilers would be 
carried out by the officers or contractors until the 
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of the Steam Reserve, Chief-Inspector of Machinery, Chief 
Constractor, and-Chief Engineer of the yard would take 
part. If the officers of the Reserve were satisfied every- 
thing was right they would take c of the engines and 
boilers, and from that time were solely responsible for 
them. He had been speaking of an ordinary case, in which 
the contractors were left in charge of the engines. The 
period which ela before the official trial of a new ship 
took place varied very much. Since witness had been at 
Portsmouth, the Orontes and the Assistance were tried 
nearly as soon as they came to the port. The Thunderer 
was over three years, and the Shah was about two and a 
half years. She was tried this summer. The Shah’s ma- 
chinery was under the contractors’ charge up to the time 
of her trial. Messrs. Humphrys and Tennant supplied the 
engines to the Assistance, and those of the Thunderer were 
supplied by the same contractors. They had supplied en- 
gines and boilers to a large number of Her Majesty's ships, 
and as far as he knew always given perfect satisfaction. 
In the ease of the Thunderer up to the moment of the ex- 
me he was confident of a successful trial. Captain 
addilove added that his confidence was partly based on 
his observation of the great personal attention which Mr. 
Robert ov paid to the trial. The only vessels en- 
gined by the Messrs. Humphrys which had come under his 
notice at trials were the Assistance and the Thunderer. 
His general impression was that if they got their engines 
from Messrs. Humphrys and Tennant they were safe. The 
Shah was not one of Messrs. Humphry’s ships, and he did 
not know how long she was ready for trial before the trial 
was ie. The machinery had been partially ready and 
partially tried, and had been postponed to alter the pitch 
of the screw. The interval was abouta twelvemonth, and 
during that time the contractors had full control of the 
engines to do what they liked with them. So far as the 
Thunderer was concerned, he did not know whether Messrs. 
Humphrys were ready for the measured mile at any time 
since 1873. He believed they were ready when he came 
into office, but he had no personal knowl . During the 
three years between 1873 and July, 1876, the responsibility 
of keeping them clean would fall upon Mr. m and 
then on Mr. Slade, the chief engineers. Mr. Robson ceased 
to be chief engineer of the Thunderer about May or June, 
1876. (It subsequently appeared that Mr. Slade was ap- 
inted to the Thunderer on the 20th of May, 1875). He 
ancied, but he would not say as a fact, that the reason why 
the trial of the Thunderer was so long postponed was to 
get the weights on board and the general hull fittings of 
the ship completed. By weights, he meant guns and coals. 
The duties of the Steam serve were to be found in 
printed instructions. There are also printed instructions 
with respect to trials in the measured mile. 

The latter instructions were here read by Mr. Staveley 
Hill. The third and fourth raphs were as follows : 

** Prior to all trials at the mile of new engines and 
boilers or of those which have been extensively repaired 
each safety valve is to taken out by the Chief Engineer of 
the Dockyard and measured, and its weights weighed, in 
order that the exact load may be entered in the report. 

**The best trained stokers that can be selected from the 
Reserve or Factory are to be employed, and it is desirable 
that a sufficient number of such stokers should be retained 
so that as far as may be practicable the same men should 
attend all trials.’’ 

Cross-examination continued : He knew, at least he had 
been told, that the safety valves were opened out and the 
loads weighed during the time he was in the Steam Reserve, 
but the work did not come under his personal cognisance. 
He received a requisition on the 3rd of July informing him 
that the trial of the Thunderer was to be entered upon on 
Monday, the 10th July, The requisition came in to him 
worded as to whether the machinery and boilers were in the 
hands of the contractors or the dockyard authorities. The 
almost invariable course is for the contractors to keep the 
engines in order until the final trial on the measured mile. 
The Thunderer was an exceptional case as regards the 
control of the engines up to the time of the trial. It was to 
save the contractors expense that the control was taken 
out of their hands. He was aware of no other case in 
which the Government had taken the responsibility of 
keeping the engines of a ship in order prior to the final 
trial. After the requisition he did not see any portion of the 
engines, that is, he did not examine them. It was no part 
of his duty to do so. He was not aware that the persons 
who took out the safety valves to weigh the loads had made 
a written report. From the time of this requisition down 
to the time of the aan he did not take any personal 
cognisance of the machi . He didjnot at any time see 
the safety valves moved. He saw the steam escaping from 
the waste pipe on the Monday, the Wednesday, and on the 
morning of the explosion, from which he knew that the 
steam was escaping through some of the safety valves. 
He could not say that steam was ing from any 
pestieunt boiler on those days, as the steam from four 

ilers would come from the same waste pipe. The noise 
from the steam valves would vary with the es With 
respect to the Monday, Wednesday or th Friday he had 
no personal knowledge whether the valves of the exploded 
boiler were working or not when under steam. It was a 
fact that the vessel was under steam in September, 1875. 
She was three times under steam in that year. During the 
three days the vessel, including the engines, was in c 
of Government officials, and so far as he could seo, the 
engines worked satisfactorily, Upon the 5th of September 
he saw steam come from the waste pipe, but again he could 
not say from what boiler it came. As a matter of fact, he 
did not know that the contractors had ever been permitted 

i i safety valve after the weights had 


these there were a number of ship-keepers, wo men, 
and a navigating party, &c. we — on —_ Vednesday 
=e geek een a joint ina giving 
way. He did not know of his own knowledge by whom 
that joint was put in. Robson, who was chief engineer up 


to May, 1875, was now on board the Devastation in the 
Mediterranean. : ; ; 

Captain Waddilove, re-examined by Mr. Hill, with the 

permission of the coroner, said that between the time of 

the engines being supplied and peg oa the contractors had 

C) 

see 


every access to the boilers the ht proper. He did 
not believe that any application the engines had been 
made; but no formal application was required to be made 
through him, but through the Admiralty. With respect 
to Dockyard Regulation No. 3, witness said he did not 
know to whom the report would be made, but he thoughta 
report of the load on the safety valve would be preserved in 
the Chief Engineer’s office. . 

By the Coroner: The contractor on the day of the trial 
was on deck just as they started, but could not say whether 
he saw the steam escaping through the Meyred yt og 

In answer to a juryman, witness added that the ruptured 

boiler was used in 1875. Captain Waddilove wished also 
to remark, with reference to his statement that he never 
knew a case in which engines had been used by the Govern- 
ment officials before being finally received from the con- 
tractors, that the Shah had been for several days at Spit- 
head for torpedo trials, by permission of the contractors, 
Messrs. Hastons and Anderson, the boilers and engines 
being entirely under the charge of engineers belonging to 
the Steam Reserve. 
After an adjournment of 20 minutes, Captain Waddilove 
on entering the court said he desired to state that the 
Thunderer was also out under steam on the 5th and 6th of 
April, 1875, for gunnery practice. 

Captain John Crawford Wilson, borne on the Asia’s 
books, additional for the Thunderer, said he went on board 
the Thunderer on Friday, the 14th of July, for the first 
time. It was about half-past 12. He went round the ship 
with Captain Waddilove while the men were at dinner, after 
which the hands were turned up to a get the anchor up. He 
heard the chief engineer, Mr. Slade, report to Captain 
Waddilove that steam was up, and he saw the steam blow- 
ing off. The anchor was weighed a little before one o'clock, 
and the ship was proceeding across the measured mile. 
About that time he was standing at the fore part of the 
hurricane deck, on the starboard side, and he noticed that 
a few minutes after the ship got under way. Captain Wad- 
dilove ordered the indicators to be placed at “ fall speed.”” 
A few moments afterwards Mr. Humphrys came to where 
witness was standing, and informed Captain Waddilove 
that all was ready below. Captain Waddilove replied to the 
effect that he might work the engines as he thought proper, 
as the ship was free for navigation. Captain Waddilove 
introduced the witness to Mr. Humphrys, when he remarked 
that the ship was supposed to be going at full speed. Both 
Captain Waddilove and Mr. Humphrys corrected him, in- 
forming him that the indicators were only put at “full 
speed’’ for convenience, and that Mr. Humphrys would 
gradually work the engines up to full speed. He spoke to 
Mr. Humphrys for a few minutes, when the latter remarked 
that he hoped to get as good results out of the Thanderer 
as had been obtained out of the Devastation, but that the 
heat was so great in the stokeholes, that he doubted whether 
they would do so. The day was particularly oppressive 
and hot. After that Mr. Humphrys went away to the 
engine-room. In thinking over what Mr. Humphrys said 
to him, and as he had nothing whatever to do with the 
navigation or management of the ship, he thought it a good 
opportunity of ascertaining by a personal experience what 
the temperature of the stokehole was when the ship was 
driven at full speed. He therefore went down into the 
engine-room on cis way to the stokehole, remaining for a 
few minutes watching the port engine. He suddenly felt 
a violent explosion, and a whirlwind of steam and air 
which nearly threw him into the engine, and tore the cap 
from his head. After that yar bey in the most im- 
penetrable darkness, and a sort of stillness reigned for a few 
seconds, until the smothered cries of the wounded began to 
be heard. He fancied that he kept his head and tried to 
make for a hatchway, but after groping about for a time 
he found that he was getting entangled in the machinery. 
After a few minutes he noticed a —— of light, and 
immediately afterwards an officer, whom he had since ascer- 
tained to be Mr. Weeks, one of the engineers, rushed into the 
engine-room. He met witness, and led him to a hatchway. 
and then returned to the platform and stopped the engines, 
He saw every endeavour made to get the injured and dead 
on deck, and e means were used to get them on shore 
and to the hospital as comfortably as circumstances would 
admit. There was no want of men to do the work. Several 
that he sent to aid in getting the men on deck came back 
with the report that there were more men employed than 
could find room, and it was impossible for them to be of 
any service. He landed in the Royal oe vessel, 
the Miner, which had come near to ren assis tance, 

ing in her four desperate cases and two serious cases, 
the last that remained. There were some ladies on board 
the Miner, who gave up everything they could to the 
wounded men, and the military rendered ay assistance. 
Captain Heneage was in command of the . His — 
hand and face were scalded. Mr. Humphrys was down be- 
hind the cylinders at the time, and was more severely in- 
jured than witness was. ? y 

By Mr. Hill: He saw a quantity of steam blo off, 
which showed that it was well in hand. The ust 
steam came up the same pipe as the steam from the safety- 


valves, and 


from. 
Witness wished to @ on record a specific act of great 


thead. | bravery on the part of Mr. Weeks. He was the first man 


There were six 
on the morning of tri 


who entered the engine-room, and the first man who made 





Besides | up his mind, whetherrightly or wrongly, to stop the engines. 


e could not, therefore, say where it came | ¢ 


The engine-room was fall of boiling steam at the time, and 
the act was, therefore, attended with great 5 
James Lasseter, a pensioner of the Ro avy and a 
ship-keeper, produced a watch which he picked up some 
days after the explosion in the after stokehole of the Thun- 
derer. It had stopped at 16} minutes past one. To his know- 
1 that was the time of the explosion. 
taff-Commander Robert Jackson identified the watch as 
that of Chief-Engi Slade, who was killed. The watch 
was brought to him with a torn uniform waistcoat, a card 
in the pocket of which proved that it belo to Slade. He 
was a careful and a trustworthy officer. Thetime at whieh 
the watch stopped was about the time at which the explosion 


occurred. 

Edward Watts Thomas, an engineer belonging to the 
Thunderer, and a patient in Has Hospital, and who 
gave his evidence sitting, deposed that his duties were 
in the engine-room while the contractors were on board. 
His orders were to assist them, but not to interfere with 
them on any account. He had to notice if anything was 

‘ wrong, and to report it to the chief engineer imme- 
ly. About ten minutes past ons he heard a noise which 
put him in mind of the boilers of the main engines priming 
eavily, He then went to look at the separator, when he 
saw 2 in. of water indicated in the gau lass. He then 
put his hand to lay hold of the handle w ich opens the cock 
which blows the water out of the separator. The steam 
rushed out between the engine-room and the stokehole, and 
knocked him down upon the engine-room platform. He 
then felt as if a whirlwind of steam were rushing round 
him as he lay. Fora moment he thought it was the cylinder, 
over which he was standing, which had burst. He crawled to 
the after ladder in the engine-room—a distance of 40 ft.— 
on reaching which he felt the cold air rushing over his 
face, and he went upon the lower deck. He there met Mr. 
Cooper, and was assisted on to the upper deck. He received 
a great shock to the system, which made him exceedingly 
nervous. J 

By Mr. Staveley Hill: He came round with the shi 
from Pembroke. She arrived at Portsmouth on the 23 
of March, 1873. There were on board Mr. Maxwell, 
Messrs. Humphrys’ foreman, who put the engines in the 
ship, Mr. Humphrys, several men belonging to the con- 
tractors, the engineers sent round from the Portsmouth 
Steam Reserve, and the stokers. Mr. Robson was the 
chief engineer. The naval engineerswent watch and watch, 
and any repairs that were wanted were done by the con- 
tractors’ men. He could not say who was in charge, as 
Mr. Humphrys was on board. e only orders that he 
received were from his chief engineer. He was on board 
when steam was got up in April, 1875. Mr. Maxwell, the 
contractors’ foreman, was on board. He remembered that 
from the fact that one of the wheels came off the standing 
gear, and Mr. Maxwell put it on himself. Herecollected a 
man named Wilkins from the dockyard, in May, 1873, 
taking the weights off the safety valves. They were 
weighed and marked. The valves were taken out, the 
diameters taken, and a drawing made by one of the engi- 
neers. To his knowledge the valves had never since been 
touched by - one. They worked the safety valves twice a 
week —every Monday and Thursday—except when the boilers 
were closed with quicklime inside them. The contractors’ 
men came on board on the 20th of June; there were two 
men and a labourer. They remained up to the time of 
the explosion. Other men came at different times. 
All the boilers and engines were fitted by the contractors, 
except the steering and capstan engines. The contractors’ 
men looked after everything they had fitted. On Friday, 
the 14th of July, they lit up the fires to up steam, and at 
five minutes to ten, as Mr. Slade and he (witness) were on the 
engine-room platform, Mr. Slade said to him, ‘‘I must see 
how they are getting on below’’ (meaning in the stokehole). 
He called out for Mr. Harding, the contractors’ foreman of 
boilers. Mr. Maxwell was the contractors’ foreman of 
engines. Mr. Slade said to Mr. Harding, ** You can light 
up When youare ready.’’ Mr. Harding’s reply was, ‘‘ Oh, 
I have lit _ on time.” 

By Mr. Thesiger: Recollected Mr. Maxwell and his 
staff testing the boilers with water at Pembroke—60 lb. to 
the square inch. Mr. Robson and himself were present at 
the time. The engines were tested as well. It was done 
in dry dock some time before they came out. Whilst she 
was at her moorings in Pembroke steam was got up once. 
The pressure was 30 lb. to the square inch. For the 
purpose of bringing her from Pembroke to Portsmouth a 
steaming party was on board. Admiral Houston Stewart, 
Controller of the Navy, Captain Hewett, of the Devastation, 
and Mr. Bannister, Assistant to the Engineer-in-Chief of the 
Navy, were on board. During the he received the 
whole of his orders from Mr. Robson. ‘They left on Friday 
and arrived on the Monday. He did notsee Mr. Humphrys 
or Mr. Maxwell interfere in any way with the working of 
the engines. They Zonly came down occasionally -to ask 
if all was going right. Everything worked beautifully. 
During the eighteen years he had been in the service he had 
never seen anything work better. For about an hour and 
a half they went as hard as they could. They never made 
more than 69 revolutions ; on the 12th of July, 1876, they 
made 79}. On the voyage round all the boilers and 
an ili boiler were used. They had full steam power 
when they were doing 69 revolutions. After the Thunderer’s 
arrival at Portsmouth the contractors’ men took out the 
main slide, filed up the slide facings where they were cut, 
took the expansion slide cuttings off, oiled and tallowed the 
slides of the same, took man-hole doors off main cylinders, 
and tallowed and oiled them, and after that they went 
away. The contractors did all that was to he done. The 
engines and boilers, so far as his own know! went, were 


place 
gines were put in in A , 1875 
were supplied on a 





In April and September, 1875, the contractors’ men did 
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in any way interfere with the control of the engines or 
boilers The time he had spoken to was the 

the wae valves —— taken iy ated eps fi ine 
knew ti were per! arid in good 

order. On coaniiasiion of the safety valves by the ‘‘ — 
man’’ from the doc » he dri a hole in the 
bottom of the box to let out any water that might get in. 
The whole of the safety valves were in boxes, so 
that they could not see the actual working of them: [Mr. 
Staveley Hill stated that the boilers were treated with 
lime in September, 1873, June, 1874, and November, 1875. 
Six months was the ordinary time for keeping the lime in 
the boilers. As far he could see, everything was done by 
the contractors for the measured mile trial, and every one 
of the engineer officers was sure of the success of the trial. 

By the Coroner : He thought a man in turning the handle 
of the lever to attempt to raise the spindle of the valve 
might be honestly deceived, thinking that he had raised the 
valve, whereas in point of fact he might have left the valve 
in its seat. 

By Mr. Adams (brother of one of the deceased) : 
Thirteen and a quarter knots was got out of the Thunderer 
at one time on the passage from Pembroke to Ports- 
mouth. The valves were weighted at 30 lb., and they 
were working at the same pressure on the day of the ex- 
plosion. 

The inquiry was then adjourned. 


NINTH DAY—TUESDAY. 

At the sitting of the court this morning a gentleman 
presented himself to the coroner, and stated that he was a 
practical engineer. He wished to know whether he could 
appear on behalf of eight of the friends of the deceased, and 
whether he could be supplied with a pass to go on board the 
Thunderer and make an inspection of the exploded boiler, 
so that he might be in a better position to put questions to 
the witnesses, and that the public might know whether the 
fault rested with the Admiralty or with the contractors.— 
The Coroner explained that the gentleman before them was 
Mr. Walter Charles Church, of Victoria-street; London, 
who had personally applied to him for permission to go on 
board the Thunderer. As he understood Mr. Church was 
a scientific gentleman, he (the coroner) had no objection ; 
and he gave him his card, to enable him to go on board and 
take a cursory view, subject to the approval of the as- 
sessor. At that time Mr. Church did not represent any 
body. He now went further, and produced certificates from 
persons who had lost their relatives. He (the coroner) had 
no objection to Mr. Church putting any questions he might 
deem necessary. But as to the investigation on board the 
Thunderer, that was a matter in which he must consider. 
Mr. Church was late in the filed, for the fullest investigation 
has taken place. He (the coroner) might add that the 
Admiralty, the contracters, and the tives of the de- 
ceased were represented ; and though Mr. Church had told 
him he represented the public generally, he (the coroner) 
consid he represented the public. Mr. Church was a 
stranger here, or he should ask him whether the certifi- 
cates came spontaneously, or whether he had obtained them. 
—Mr. Staveley Hill suggested that if any questions were put 
at all, they should certainly be put through the coroner. 
As to making further experiments on board the Thunderer, 
a most careful inspection had already been made.—Mr. 
Thesiger d that it would be most undesirable to 
permit Mr. Church to question the witnesess, especially as 
all parties were represented. The contractors were very 
glad to see Mr. Jenkins and the other gentlemen who were 
relatives of the deceased. But when another gentleman 
appeared, who did not profess to be arelative, and who was 
not a professional gentleman in the sense of being either 
solicitor or counsel, it would, he thought, be a most object- 
tionable precedent to admit him to the inquiry, es y 
at the present stage. He (Mr. Thesiger) had an additional 
objection, because there had been certain unpleasant rela- 
tions between Mr. Church and the contractors, to which he 
he did not desire further to allude. He (Mr. Thesiger) 
would also like itto be known whether Mr. Church had been 
going round to people endeavouring to induce them to 
permit him to represent them.—Mr. Jenkins said up to the 
present time he had not the least fault to find with any- 

thing that had been done. Though he had watched the 
evidence most carefully, he had been unable to contradict 
anything at present. If it were pcp? for him to put 
any cross-questions to the witnesses, he should do so ; but 
there had been no necessity at present.—The Coroner said 
after what the learned counsel had said, he should feel it is 
duty not to permit Mr. Church to put.any questions to the 
witnesses, though of course he would be glad to see him 
there as one of the public. And in that decision he was 
fully supported by the jury.—Mr. Church said he was there 
to protect the contractors as well as the Admiralty ; and he 
considered it very unfair that he was not allowed to pat any 
questions. If Parliament were sitting, he would bring the 
a > House of Commons. <b this taegad 

- George James Weeks, engineer e avy, 
belonging to the Asia for service on board the Senden, 
said : On the 3rd of February, 1875, I first went on board. 
The engines and boilers were then very nearly in the same 
state as on the day before the accident. The times on 
which steam was got up in 1875 were on the 2nd, 5th, and 
6th of April. Onthe 2nd steam was up for two hours 
lena We dockyard. On the oe the, ship went, ont of 

for gunnery experiments; and on the 

steamed into harbour. On each of these occasions the 
two after boilers in the after stokehole were used. T 
boiler which 9 was used on the 5th and 6th, but not 
on the 2nd. - Maxwell, the contractors’ foreman, was 
on board on the 5th, but I do not remember any other 
occasion. He might have been there on other occasions, 
but I donot know. On the 14th September, 1875, 
Thunderer steamed out of harbour, but I was not on board 


he | did not stop 


the'ship from nine on Monday, the 10th, till eleven on Frida: 
night, the 14th. Mr. Stevens, an engineer, went out wit 
the Chief Inspector of Machinery. There were also on board 
the chief engineer, the five eers of the ship, Mr. 
Robert Humphrys, Mr. Maxwell and Mr. Harding (the 
contractors’ foremen), and about six men emplo by 
them. Mr. Maxwell first went on board on Thursday, the 
6th. Three men—two fitters and a labourer—had been 
working on board for the contractors. Others came by 
board just before the ship went out of harbour. From the 
11th to the Mth Mr. Humphrys was on board the ship ; 
atid whatever was done was by his orders. The ship steam 
out of harbour on the 10th, and made a preliminary trial 
for about two hours. [The steam log was put in, and 
various entries as to the pressure of steam on the boilers, the 
various orders given, &c., on the 10th, 12th, and 14th, were 
le On the Monday and Wednesday there were 33 fires. 
On Friday the entries were: ‘‘10.15. Lighted fires of 
main boilers. 10.20. Steam up in the main to 20 lb. to 
the square inch.” The number of fires lighted was 33. 
At eleven o’clock the steam was registered as 20 lb. on the 
boilers, and 15 lb. on the engines. With urd to the 
explosion the entry was made as follows: “‘ Friday, July 
14, 1.18 p.m. Starboard forward boiler in the after stoke- 
hole exploded, blowing out the front, from about the top of 
smokeboxes to top of boiler, destroying all moun on that 
front. Chief Engineer Mr. Slade, and Engineer Mr. Win- 
field, two leading stokers, and nine stokers killed. Mr. 
Thomas, engineer, one leading stoker, and thirty stokers 
were wounded, and sent to hospital. A watch was stationed 
at the engine-room hatches during the night.’’ This 
report was signed by the senior engineer, but the entry was 
made by the witness. Mr. Weeks then de at con- 
siderable length to what took place on board the Thunderer 
during the time she was lying at Spithead from the Monday 
to Friday, the 14th of July, the day of the explosion. 
With regard to the latter day, the witness said his duty 
was generally to attend all machinery not in the engine- 
room or stokehole, except that connected with the turrets, 
to keep the rough engine-room register, to arrange the 
duties of the stokers, and to assist the chief engineer on any 
duties not specially provided for. When not employed out 
of the engine-room it was his duty to be in it, and examine 
carefully round while the machinery was in motion for 
any defects or alterations, and report the same to the 
chief engineer. At six on Friday morning he arranged 
the stokers whd had been sleeping on board; and, on 
their coming into the engine-room after their breakfast, 
he gave each his duty for the day, and s2w him go to 
it. He wrote up the fair engine-room register, for the 
previous day, and at eleven o’clock went to the capstan 
engine. On getting there he found the steam was 
not turned on. He went to the after stokehole and 
asked Mr. Foot to get up steam directly. He said, 
“You must go to Mr. Harding directly. I shall not 
touch the stop valves.’’ Witness went to Mr. Harding, 
who said, ‘‘ You must have one of the 6 in. open ; for the 
fire is only just lighted in the auxiliary boiler.”” He turned 
away, as witness thought to give the necessary orders. 
This was in the forward stokehole. Witness then went to 
Mr. Winfield, the engineer in that stokehole, and told him 
that Mr. Harding had given permission to open one of the 
6 in. stop valves.. He said, ‘‘I shall not touch it, but I 
will see to it.”” Mr. Winfield went forward to Mr. Hard- 
ing, and witness to the capstan engine, so that witness did 
not see who actually opened the valve. But on reaching 
the capstan engine he found that the steam was turned on, 
and it was required almost immediately. He remained 
there till informed by the officers on deck that they had 
finished with the capstan engine. He saw it shut off, and 
went to the engine room. But on his way he went to the 
—_ engine, and saw that the man was attending to it 
properly. He gave the necessary directions as to careful- 
ness, and then went to the engine room. On reaching 
there, he inquired for Mr. Slade, and was answered by two 
or three people simultaneously, ‘‘ He was here a minute or 
two ago.’ Witness turned to go to the stokehole in search 
of him ; but thinking he had better have something in his 
hand to handle anything that might be hot, he went to the 
store room. He had step about three paces in the 
handing room passage, which was between the engine-room 
and the store room, and called to the storekeeper for a 
piece of cotton waste. Before he could bring it to me (said 
the witness) I heard a loud explosion, followed by a great 
rush of steam and a number of people crowding in the 
doorway. I on one side, and Thomas Jesse, leading stoker, 
on the other side, assisted them in thro the doorway. 
About six people, I think, had passed in when Mr. Maxwell, 
the foreman of the contractors, fell inst the doorway 
while endeavouring to in. I slipped past him into the 
engine room, pushing him towards the door at the same 
time. I felt two others me after this, and heard others 
going up the ladder. The darkness was intense. After 
stepping about two eevee the darkness seemed to clear a 
little, and it was followed by a dreadful quietness. Sud- 
denly the screams of the wounded seemed to be all round 
me, as though they were among the machinery. I felt my 
way to the stop valves of the starboard engines, and shut 
them, thus stopping those engines. While doing so I 
heard a voice make an exclamation which I have forgotten, 
and which was followed by “Stop the engines !’’ 
went to the port engines, and — them in a similar 
way. Up to this time I thought one of the foremost 
cylinders had burst ; but finding that stopping the engines 
the rush of steam, I went to the communica- 
tion valye in the after stokehole, thinking that probably 
eae between it and the — had burst. Onmy way 
I felt some one. On leading him past a lamp, I saw the 
lace on his sleeve, and I knew who it was. I it was 
Captain Wilson. I took him to the engine-room ladder, 
directed him how to get on deck, and went back to shut 
the stop valves I iginally intended. But the com- 





The next occasion was on the 10th of J of the present 
year. All the boilers were then used. i reteciasd on trend 


munication valve to the forward stokehole was the nearest. 





I then | and 





I therefore went to it. While shutting] it, Thomas Jesse, 
a leading stoker, came and assisted me. shutting it 
close, we went together across the engine teseh and shut 
the communication valve to the stokehole, I 
saw Jesse was turning it in the right direction, and, 
when it was about half shut, I went to the stoke- 
hole ladder. I slid down the handrail of this ladder, 
and landed on something. I knew it was not the bottom 
of the ladder ; but I ed about three paces towards the 
stokehole. On getting in a direct line with the doorway I 
was forcibly blown back by the steam and should have 
fallen, but I was holding fast by the rail with my right 
hand. I stooped down, and tried to crawl in, finding 
the steam affected the top part of my body. On 
my hand down I felt I was walking on the bodi 
of men. I could not crawl on that. I stepped forward 
again as before, and was blown back a second time, and 
compelled to go away, for I felt I was breathing heavily, 
and was almost exhausted. I then ran on deck to Captain 
Waddilove and asked for immediate assistance to remove 
the dead bodies, telling him at the same time I could not 
do anything until they were removed. He immediately 
ordered the assistance to be sent, and I gota 
drink of whisky and water and went below again. In 
running along I nearly fell over an injured man, who begged 
me to help him to lay down. I stopped for this purpose, 
and with the assistance of three others laid him down. I 
then pushed on to the engine-room ladder, and saw Mr. 
Harding, the contractors’ foreman, there, I asked him if 
he knew what had exploded, He said ‘‘ No, I have tried 
the See ladder, _ I 1) ™ oe I _ ane 
again. Iam going down here.” reaching the er 
leading to the stokehole, I saw Thomas Jesse and two 
other men whom I do not know trying to get one of the 
bodies up the ladder. I assisted them to getit onthe plat- 
form, and at this time the assistance Captain Waddilove 
had ordered came down, and I gave way to them. I then 
went down to the stokehole entrance The steam 
was still passing through it, but not as violently as before, 
though still sufficiently so to prevent my entrance, I then 
decided to go to the forward stokehole, and try that way. 
On reaching the top of the ladder I saw Mr. Newman, the 
Chief Engi of the Dockyard, and told him it was no 
use to go down, as it was impossible to enter the stokehole, 
and from the apparent direction of the steam I thought a 
main steam pipe had gone close to the bulkhead. I then 
went my way to the foremost stokehole, and at the top of 
the ladder saw Mr. Oliver, Chief Inspector of Machinery 
Afloat, who ordered me to go below and open the safety 
valves. Atthis time there were a party of men, among 
whom I recognised Geo Wells, leading stoker; and so. 
as not to interfere with them, I slid down the handrail of 
the forward stokehole. The furnace doors were open, and 
two bodies were lying close by. I went first to the forward 
port safety valve, and was in the act of opening it, when I 
saw Mr. Sugden, who came and assisted me. I also sawa 
leading stoker named Pope, and we three opened the safety 
valves in that stokehole. I then tried to enter the after 
stokehole from the forward ; but the steam, sulphur, and 
water passing from, apparently to me, the port forward 
boiler, in the after stokehole, prevented me. I have since 
found it was so. Knowing that the injury was now con- 
fined to the after stokehole, I decided to go on deck, and 
ask permission to work the engines for the purpose of 
drawing the steam away from the after stokehole. I left 
Mr. Sugden opening the sthokebox doors, and went to Cap- 
tain Waddilove for the necessary permission to start the 
engines. He gave me permission, providing it could be 
done with safety. I went below to the engine-room. 
Several people were there about this time. Among them I 
saw Mr. Maxwell, and I told him I had permission to work 
the engines. I opened the stop valve from the after stoke- 
hole, and I believe saw that in the forward stokehole 
shut. I would have started the port engines, but was told 
that men were lying among the machinery. I then had 
a hasty look around the starboard engines, and saw 
they were clear. Thomas Jesse, the ae stoker, 
assisted me to start them. Soon after doing this, the 
port telegraph was worked from the deck ; and knowing it 
was impossible to communicate quicker than by going up 
myself, I went to the pilot, Mr. Harding, and told him it 
was impossible to work the port engines until the injured 
men were cleared away ; but, as soon as possible, I would 
start them for work as he a I went to the engine- 
room again, and inquired if the port engines were clear of 
men, and was told ‘‘ Not yet.’’ I then went to the after 
stokehole, and found others had been there before me. I 
saw there a leading stoker named Wetherall, and told him 
to open the safety-valves of the two after boilers, which he 
did. I then, for the first time, became aware of the nature 
of the damage. I then saw if the port engines were clear, 
and went to start them. Mr. Maxwell, who was attend- 
ing the starboard engines, told me not to do so, as the 
steam was nearly all gone. I then went back to the after 
stokehole for the purpose of doing anything that might be 
required to insure the safety of the ship. hile there, an 
order was p for every one to go on deck. I obeyed that ° 
order, went on deck, and fell in the stokers to find out how 
many had been injured. Mr. Stephens mustered them for 
me. About four o’clock Mr. Oliver ordered me to ge below 
ascertain if the main stop-valve on that boiler were 
open or shut, and Mr. Moore, engineer, to accompany me. 
Iwentandsawit. It was thenin exactly the same position 
as that in which the ap haseoe it. In my opinion it was 
shut. Ithen took Mr. Moore to the stop-valve of the ad- 
joining boiler, and pointed out to him the difference in the 
position of the screw. It was evident from that that one 
was and the other shut, or nearly so; and from my 
knowledge of the valves, I was of opinion that that on the 
injured boiler was shut. I reported this to Mr. Oliver. He 
then went down with me, accompanied by Mr. Newman, and 
me ee ee tae the same opinion as myself. Mr. Oliver 
ered me to place sentries on the hatchways, and on the 
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Mr. Jenkins, said the duty of seeing the safety valves li 
would be with the engineer on duty in the stokehole on 
Mondays and Thursdays, and it would come to each in his 
turn. Sometimes the engineer lifts the valve or one of the 
stokers, in the presence of the ineer. Speaking for 
myself, I always do it.—Do the stokers know how to do it 
themselves without your being present ?—Not to my know- 
ledge. By myself have lifted about six times 
since I have been in the ship. I cannot say how many times 
they have been lifted altogether. They ought to be lifted 
twice a week when not closed with lime, and I believed t 
were. I should not think the boilers have been open half 
the time that I have been in the ship.—Captain Waddilove 
said lime was put into the boilers on the 23rd of September, 
1873, and they were opened for examination on June 6th, 
1874. > they were opened the valves ought 
to be worked twice a week. On the 24th of June, 1874, 
fresh lime was in put into the boilers. They were 
opened again on the 12th of March, 1875, and were closed 
again on the 9th of July, 1875; opened on the Ist of Sep- 
tember, 1875, and closed between the 4th, 5th, and 12th of 
November. Opened again on the 19th of June, 1876.—Mr. 
Jenkins : I take it then that more than half the time since 
the ship has been here the boilers have been closed, and 
then the valves would not be worked. Mr. Weeks con- 
tinuing : The weight on those valves is about 800lb. To 
raise those valves there must have been considerable force 
used. I should think a weight of 800 lb. might have been 
i a many times without causing some bluntness 
of the spindle suotneed. I should not call it ay ge 
It is a rubbing action ; and I think the valve could have 
been lifted as often as has been said without bape Le 
more impression than is on the point of the?valve produced. 
[The corresponding point — which the one previously 
spoken of rubbed was here produced and handed to the 
jury, together with a powerful magnifying glass, so that 
they might be able to see the action of one point upon the 
other].—Witness : The hydraulic test has not been applied 
since I have been on board. I donot know of any previous 
occasion when the stop valve of the exploded boiler was 
down when steam was up. I should say most certainly not. 
A man would risk his life to do it, for the boiler might 
explode before he had time to get away. I did not see the 
pressure gauge on the day of the explosion. I cannot 
explain how it was that there was a pressure on Wednesda; 
of 35 Ib. to the square inch, when the valves were load 
at 30 lb. My opinion is that there could not have been a 
free escape for the steam through the safety valve or that 
the steam gauge indicated incorrectly. The notes in the 
engine-room were mine, but those in the stokehole were 
brought to me by a leading stoker, named Pharoah. The 
range on the present gauge was from zero to 35lb. We 
have no means of knowing, when several boilers are being 
heated, whether the safety valve is acting on one boiler. 
After the water was blown out of the boiler on Wednesday, 
I don’t know how the remaining steam was got out; I had 
nothing to do with it.—Mr. Jenkins wished the witness to 
examine the valve of the opposite boiler to that exploded, 
and compare them, and account for the difference in the 
grinding of the two points.—Witness : I should say the 
abrasion on the point of one valve is more than the other, 
but if I had the spindle of the valve, which seems rubbed, 


—o it would be found not to have been 
rub so much. This is accounted for by the 
fact that when two surfaces rub together when 


one yields the other does not. After examining the 
spindles, the witness said one spindle and the point 
of one valve was worn more than the other, and the 
only way he could account for it was that one metal was 
harder t the other.—The Coroner: Do you intend call- 


ing any witnesses, Mr. Jenkins, to disprove the fact ?—Mr. | parti 


Jenkins : Oh, no; I agree that there might be a difference 
in metal, but not so perceptible as all that.—By Mr. Hill: 
When going round to attend to the safety valves, I never 
opened seven and negh the eighth. I should not think 
- officer would do so. During the week of the trial I did 
not do anything to the boilers or safety valves without the 
direction of the contractors. In April, 1875, the i 
and valves were being worked by and on behalf of the Dock. 
= To my knowledge, however, there was none of that 
uring the trial week. I should not have allowed any one 
under my control to touch any of the valves or boilers with- 
out the authority of the con rs. When I lifted the 
safety valves on the six occasions I have mentioned, I do 
not remember one requiring any more force than was neces- 


By Mr. Thesiger : It is a rule with ships, in commission 
that when one chief-engineer succeeds another all the 
miele ra! Seen for nein. That — = cer- 
opening of the safety valve. I was in 

the ship before Mr. Slade succeeded Mr. Robson.—Mr. 
iger: Is it mot the case in a ship like the Thun- 


. 


he had not. Such a 
man. After July, 1875, } 
the safety valve on the exploded e parts of the 
spindle of the other safety valve show more wear than the 
of the spindle of the exploded boiler. It - y= 
metal being softer than the other : 
prepared to say that it was softer.—Mr. Thesiger : 
upposing the metal to have been the same, can you give 
any explanation except that the valve of the exploded 
boiler must have been worked a less number of times ?— 
Witness: No. The less the valves are worked the more 
likely they are to stick. On the last occasion that the lime 
wi{ should call chipping, [The log:book, signed by the 
as I sho chipping. og- signed by the 
chief engineer, was produced, and it showed that the boilers 
were ‘‘ chipped, » 8c -”)} On the 2nd Octo- 
ber, last year (the witness said), the escape valves on the 
cylinders were examined. They are practically the safety 
valves of the cylinders, with the difference that the springs 
are outside and liable to become corroded. The saf 
valves are inside the box. On the 8th of July, 1876, by the 
log-book, I see “‘ eae were moved, and hydraulic gear, 
closed boilers, coaled ship, took on board 1175 tons of coal, 
including 100 —_ for trial, cman ot Ly valves in 
engine-room, anew gauge g’ in s separator. 
filled boilers with fresh water, prepared for steaming, cleaned 
machinery, &c., machi in good condition, no articles 
ne coal on board 1328 tons 18 - Ly yt = 
or the same purpose as preparing the ship for trial, in 
order to enable the contractors to take charge of the engine 
in a proper state for work. Some of the contractors’ men 
were on board a portion of the time that we were doing that 
work. As cageeds the trials on Monday and W. y, I 
cannot, of my own know , speak of the pressure upon 
the boilers. I can as the engines ; on neither day 
did the pressure exceed 30 Ib. I do not know who got the 
engines ready for trial on Friday morning, I do know that 
the lamps, and soon, were trimmed. I think Mr. Maxwell 
and Mr. Harding, the contractors’ foremen, were on board 
from 8 o’clock. Mr. Swanston will have a record of the boiler 
pressures on Friday, but Icannot sayif taken by himself ; the 
pressures on the engine were inly taken by himself, but I 
cannot the pressures on boilers were taken by him. IfI 
were conducting a trial I should keep the main boilers exclu- 
sively for the main engines, cutting off all the auxiliary stop 
valves. I cannot tell which of these auxiliary stop valves were 
present at any inter- 


closed or open. I do not remember bei 
e that morning before 


view between Mr. Maxwelland Mr.S 


the engines were started or upon the Thursday, but in the | gi.) 


week before Monday, 10th of July, when Mr. Maxwell came 
down with reference to these trials, I was present, but only 
fora short time, but I do not remember the conversation at 
all. I think I remember taki Maxwell to Mr. Slade 
in his cabin and leaving him t 

By Mr. Hill: Certainly no one of the men from the 
capstan engine went near the stop valves themselves, but I 
cannot answer for those at the steering engine, because 
when I went to the capstan engine, the steering engine was 
not at work, but when I left it it was at work, and the 
steam was kept on for the steering engine until the explo- 
sion, and at the time of the explosion, steam was rushing in 
from the broken auxiliary pipe. 

Mr. Hill then tried to re-examine the witness on Mr. 
Thesiger’s cross-examination, but Mr. Thesiger objected, 
and the information he wanted, in reference to the 
— lifting of the safety valves, was obtained through 

“by the Coroner: The duty of raising the cafety val 
e Coroner: The du' raising e ves 
/ performed by a stoker, one of those A work 


was ge 
under the eye of the eer. 

The Foreman: Did I understand you to say just now 
that it required Sugden and yo to open the safety 
valve?—No, but we were both there, and at that particular 
time, considering my exhausted state, and that the wheel 
was just within my reach.—At that icular time did 
it require two men to lift the valve ?—No it did not. 

By one of the rb There was no entry made in the log- 
book on the day of the explosion from 11 to 1.13, because I 
was at the capstan engine. I think the gai in the 
stokehole were all indicating 35 lb. on Wedn y at that 
icular time ; if one indicated 35 Ib. it is my impression 
that all would indicate 35 Ib. 

were indicating 


By the Jury: I think all the 
alike on Wednesda: . My belief e that they were all in 
good order. Sup the safety valves to have become 
seated (stuck) from their not being iodicall, 
would not prevent the valves rising at the neumal 
after they once been lifted. 


The inquiry was then adjourned. 

TENTH DAY—WEDNESDAY. 

At the request of the jury, George Wells, leading stoker, 
was called. He said the evidence which ed bean iven as 
to the surroundings of the case was quite correct. He was 
cups on bagels wllirtkp shapuion apoty be oupteted ied 
went on wi e 8 e repo 
to Mr. Slade, the chief engi . who said he wanted to get 
the trial over that if ible. He also told the witness 
to tell the stokers to best they could and he would 
not forget them. Witness picked out the best men for the 
measured mile, and sent the remainder down to light fires 
and stoke until relieved by the ‘“‘mile’’ men. At one 
o’clock they had generated steam to about 26 1b., when he 
noticed the steam Pe = the exploded boiler did not 
work. He called the tion of one of Mr. Humphrys’ 
men to the fact, but the man was busy at the time, and 
called out, ‘‘ All right; I'll see to i .” About 
five minutes afterwards the attenti 


pressure 


ety | afternoon at 1 o’clock and finished fton Thursda; 


lifted, it | o 





was broken the hand of the gauge was at zero. This 
place about a past 1lp.m. Thenall appeared 
* fase sit st oar es 
‘oreman no desire to 
ag of what — after the ion. r 
cross-examination the witness said that had he known 
the stop valve was shut he should, in case of emergency, 
have gone to it immedia: ly, and o it. Any one in 
the ship who had felt inclined could have examined the 
stop valve, and he should think no one would be so unfeel- 
ing as to ever close it down. Had he seen any bulging of 
the front of the loded boiler he should have attempted 
to draw the fires. He saw the safety valves lifted to let 
out the air when the fires were lighted, but he could not 
say whether those on the exploded boiler were lifted. He 
could not say whose duty it was to see them lifted, but 
they were under the charge of the contractors. The steam 
gauge in question worked right on the Wednesday. 
. Bramwell commenced reading his reporton Wednesday 
c just before 
the oo mere Hecondensed the substance of what he had 
said at the request of the coroner. The explosion was not 
caused by want of strength either in the front plate of the 
boiler, or in the uptake, or in the want of nuts upon the 
acrewed stays in the uptake, the stop valve being shut was 
not the cause of the explosion although it was contributory 
to it pro tanto, just as the lighting of the fire was. The 
cause of the explosion was the sticking of the safety valves, 
and the yd age = too great nicety in the 
making of them. e bulgings of certain parts of the ex- 
ploded boiler afforded undoubted testimony that there was 
an excessive pressure. We shall publish Mr. Bramwell’s 
report and the further evidence next week. 








x _ OTES FROM THE SOUTH-WEST. 
ailway Enterprise in the Forest of Dean.—Th 
a ag grog a and Whimsey Penge ys i the Cinderford 
Valley, is so far ing it is expected that th 
line will be completed by December next, when it is a. 
to open it. This railway will give an outlet to the 

ereford and Ross line, and is intended to carry passenger 

as well as mineral traffic. 


Storing Dynamite. — The directors of the Diamond Rock 
Boring Company, in whose tunnel, at Cymmer, a fatal 
dynamite explosion occurred some time ago, were summoned 
before the Bridgend magistrates, on Saturday, for having 
sobeyed the terms of their license, in storing more dyna- 
mite in the workings than was required for immediate use. 
The evidence of Major Majendie, Her Majesty’s Inspector 
of Explosives, was to the effect that the amount—200 Ib. 
was excessive, and the defendants were find 251. and costs. 


Launch of a Ship of War.—The Emerald, a composite 
corvette, intended for Her Majesty’s service, was launched 
at Pembroke Dock on the evening tide of Friday. The 
christening ceremony was performed by Miss Saurin. 

Labour in the Forest of Dean.—The men employed by the 
Parkend Coal Company in the Forest of Dean, have ted 
a reduction of 5 per cent. in their wages, and work has been 
resumed. 

Newport Alewandra Dock.—The steamer Elphinstone, 
1146 bey Ben ee drawing 22 ft. 3in., with tons of 
coal on » Sailed a day or two since from the Newport 
Alexandra Dock, an hour before high water, at lowest neap 
tide. The Newport tide table showed only 20ft. 3in. of 
water. The Elphinstone could not, it is stated in Newport, 

ve sailed from any other port in the Bristol Channel 
under similar conditions. 

een Port ot Page Dock Company.—The half- 
yearly meeting of thi ertaking was held at the Bristol 
offices, on Tuesday, Mr. P. W. 8. Miles, chairman of 
directors, presiding. al may reports of the directors 
and engineer, Mr. J. Brunlees, C.E., spoke confidently of 
the o of the Avonmouth Docks at the end of next 
month, the work being now practically complete. The 
chairman and Mr. Brunlees now explained, however, that, 
owing toa recent disaster, a delay of two months would 
be caused, about 130 yards of the eastern dock wall having 
subsided and inwards something like a dozen feet, 
owing to the foundations overlying the of an old pile, 
which extends to the opposite side, and caused a similar 
slip to take place in the west wall four years since. Extra- 
tion of the 40 ft, wall beiug laid’ 12 76 he ye 

of the > i a in firm 
hard sand, which was ee om some de: A 
ing any source of danger. It was stated that the directors 
had ly taken to speedily remedy the recent 
mishap by rebuilding the wall with 22 ft. foundations, and 
restoring the two warehouses which were partially wrecked 
p be bank giving way. The total loss was estimated at 
about 7000/., and the chairman said it would involve the 
necessity of the company’s ing to Parliament next 
autumn for power to raise additio " 
were unanimo yy bey ae The financial statement sub- 
a that the total expenditure to June 30th had 


Cattewater Harbour Commissioners. — At the last 
monthly ing of the Cattewater Commissioners, Messrs. 
Sparrow, , and Willis, deputation from the 
shjectio fags wea pg meme oo Sag yas 
0 ns mes on , &e. ap’ 
tion to the Loan CGpusinionans to borrow 30,000. to carry 
out the proposed breakwater and other works, was ap- 
proved and ordered to be forwarded. 

Bettws-y-Coed and Festiniog Railway.—At the Fes- 
tiniog tunnel (3872 yards in ), two of the three 
shafts are sunk to the full depth, and the third 
the required of 417 ft. ; about 160 yards of the tunnel 
are complete. other works on the railway are making 
good progress. 


without reveal- 
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PEYER’S STEAM TRAP. 

We subjoin an engraving of a form of steam trap, de- 
signed by Mr. Alfred Peyer and constructed by Messrs. 
Schmerber Brothers, of Mulhouse, this trap being arranged 
so as to discharge both air and water automatically. The 
apparatus consists of two chambers connected by a short 
pipe, at the bottom of which is a valve face fitted with a 

rotating valve, as shown on the plan. To an arm 
on this valve is coupled one end of a bent tube filled with 
liquid and hermetically closed, the other end of this tube 
fixed as shown. It follows from the arrangement 
adopted that if the bent tube be heated the liquid in it will 
expand, and so cause the partial uncoiling of the tube, this 
uncoiling movement partially rotating the valve and causing 
it to close the openings. The upper vessel, it will be noticed, 
is fitted with a screen, to keep dirt from getting to the 
valve, and to this chamber the pipes to be drained of 
water, &c., are connected. ° 
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The action of the apparatus is as follows:—-When steam 
is not admitted to the pipes or vessel to which the steam 
trap is connected the bent tube is of course cold, and the 
valve is entirely open. If now steam be turned on the 
air will first be discharged from the pipes, and then there 
will be a greater or less flow of water of condensation. 
This water being warm the liquid in the bent tube will be 
expanded, causing the valve to be rapidly closed. When, 
however, the water thus discharged has run out of the 
lower vessel the external air enters and cools the tube, 
causing the valve to be again opened, and so on. The 
apparatus is simple, and, we believe, acts promptly. 








GRINDING. 
To THE EprToR OF ENGINEERING. 

Srr,—In your valuable journal of the 7th ult., you 
did me the honour of inserting my communication respect- 
ing the use of the fan, for removing the particles of steel 
and dust formed by the use of the ‘‘ dry’’ grindstone in the 
manufacture of forks, razors, &c. ae to leave the 
subject in an incomplete state, I have availed myself of 
further opportunities for its investigation, the result of 
which I beg to submit for your consideration, trusting that, 
as it contains a suggestion which may be rendered prac- 
ticable by some one capable and desirous of removing an 
admitted evil, you may consider it suitable for the perusal 
of the readers of your journal. 

Referring them to the sketch accompanying my former 
communication, I must premise that in no instance have I 
found the cover, which should cause the air to approach 
the orifice leading to the fan, thoroughly effective ; in most 
cases it seemed to be regarded as a shelf, or convenience, 

which to place the articles intended to ae ape bem 
he only instance in which the grinder seemed to appre- 
y ys the year _ = one — a — in 
cover stop means of a piece th, to 
— — oon of sae more effective. . mn 
r) » however. in every instance t inders 
wore the large plain giaas les described in my last, 
to rotect the eyes, rm gw of these spectacles being two 
inches in diameter, and not one and a quarter inches as 
formerly stated ; and the reason why they are so careful 
with regard to this feature, while appearing to neglect the 


of contact of the article being ground with the stone, are 
 teptap ln aan ey ey my tema yey aly on 
so sensitive an intrusion of a body. 
While making peng nh at one gri apt ae I 
was, however, - to observe that fan wee Soe 
or the 


service, of immense im 


and was 

ground in the lane outside the building was covered for 
yards with fine sparkling particles of steel, di 

by the fan through an opening in the wall, while there was 

a sufficient accumulation of the red oxide of iron in the 

lane to suggest the possibility of adopting some means by 

and rendered 


which the particles of steel might be collected 
useful, 








TZ 
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The point, however, to which I beg to call your attention, 
is the following. I observed, while watching the grinder, 
that, even when the cover was perfect and properly ad- 
justed, the fan did not seem to obtain control over the 
whole of the particles caused by the process of grinding, as 
some seemed to be attracted by the surface of the wheel 
in its rapid revolutions, and passing round with it were 











discharged from its surface at a point near the position of 
the grinder, other icles in seeming to fly from the 
article being ground, on the side nearest to the grinder, and 


in such a manner as at once endangered his face. 
It occurred to me, therefore, that the rapidity with which 


the stone was revolving — be rendered useful by at- 
taching to the axle, by which it was supported and kept in 
motion, a small fan of 6 in. or 8in. in diameter, enclosed 


in a movable case, the said case constructed with a 
pipe attached having its orifice at a point between the man 
and the article being ground. The revolving with the 
stone, would discharge at the orifice a sufficient current of 
air to divert from the face of the grinder any particles that 
might endanger it without obstructing his view or in any 
way interfering with the free movement of his arms or 


There is nothing involved in the construction of the wheel 
to prevent such an arrangement. The grindstone, when 
new, is about 2 ft. in diameter and is used until reduced 
by. wear to about one-half its size when new, its width or 
thickness, however, is only about 2 in., and as the trough 
in which it revolves is fully 16 in. or 18 in wide, there is, 
as you will perceive, ample space for a fan such as I have 


described. 

The fan itself would have to be a fixture attached to the 
axle, but the case in which it is intended that it should 
revolve would have to be attached to the side of the trough 
Sots ta Soe porte held (egether'ty hinge a0. na 6 paras 

in two er by a so as to permi' 
of the easy removal of the stone, when the grinder wished 
to replace it in order to put in its position the “ ”* or 
“ glazing”’ wheels, in the use of which the action of the fan 
is not so necessary. 

I do not know that I can add more to a subject which 
has, in times past, attracted the attention of many ; 
rather hope, however, that the suggestion to which I have 
vent to your attention may be tried by some one 
with] means and opportunity; and to such a one I would 
venture to express a hope that he would also have made a 
properly-shaped cover of strong lasting material such as 
iron, and, if possible, with a shelf ; as a glance at the ac- 
companying sketch will show him that from its position the 
grinder is tempted to use it as a convenience. 

He will find that the fork-grinder has his proto in 
the ‘‘ needy knife-grinder’’ of poetic memory. “ ou 
stand a quart for a grinder?’’ said one to me. ‘‘No,” I 
replied, ‘‘ but I don’t mind giving something to your son,”’ 
a fine lad; the lad pocketed the money while laughing at 
his father, as if he thought he had ‘‘ done him this time ;’’ 
for a moment the father looked disconcerted, and then con- 
soled himself with the remark that ‘“‘ May be it will do him 
more good than it would me.” 

I am, Sir, yours res y 


Henry D. PLIMsOLL. 
Sheffield, July 28, 1876. 








THE MANUFACTURE AND ENDURANCE 
OF IRON RAILS.* 
By W. E. C. Cops. 

In 1857 the Philadelphia and Reading Railroad Com- 
pany, whose main line extended from Philadelphia to Potts- 
ville, Penn., with branches into the coal regions of Schuylkill 
County, made a contract with the Fairmount Rolling Mill, 
at Philad elphia, for the rerolling of some 4000 tons of iron 
rails. The essential features of the ment were that 
the old rails should be piled with pu iron and rolled 
into flats for the rail pile, which latter was to be of a sec- 
tion 7in. square, and after being heated and reduced 


rolling to a bloom of a section about 5in. by 6in., was 

be reheated before being finished into the rail of the T pat- 
tern, 4in. high, weighing 64 lb. yard. care was 
exercised in the execution of this contract, and the rails 


being distributed over all parts of the road gave general 
satisfaction by their excellent wear. Five years afterward 








former, is that the particles of steel, when leaving the point 


* Read before the June Meeting of the American Insti- 
tute of Mining Engineers. 





I | ordinary rail, the profit or gal 


the principal proprietor and of the Fairmount 
x Lacay wg- i tof the Reading Railroad, 
very e made under his supervision were 
still in — the tracks of ‘ i 

ass managemen’ 

fore directed to the procuring of more rails of the same 
quality wherewith to replace those worn out. Here he 
encountered some trouble, makers refusing to bid because 
of the details in the 5 tion ; the ired rehea 
being the objectionable feature, for which it was generally 
intimated would not be sufficiently remunerated for 
the increased labour, extra coal consumed, and the changes 
blished methods of working. Most 


rolled, without regard to 
of piling, heating, &c. 
he deemed the best article possible for the money. As a 
consequence, rails of all imagina’ es were in 
the tracks, some giving out in six weeks under a heavy 


traffic, the majority inside of a , and few lasti 
aout tenb 04 een ane. yom _ os 
Fug.7 Fig. 3. 
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So great was the dissatisfaction with the character of the 
iron rails the company were able to obtain, that in the latter 
part of 1866 they determined to erect i 
pompree wel ~o ob cua from England i small 

coming in coun’ 7m. in s quan- 
tities at very hg rices, and their use at that time was 
gee 24 t = pene ema My od considered, ror 
in planning for the engines and trains were 
ot oniaaieeh clan and teenth for the toting ot ee. 
Ground was broken at in the spring of 1867, and 
the first rail turned out in March, 1868. It was the inten- 
tion, from the inception of this project, to make a rail of 
the very first quality, and whilst it was not believed they 
could be made for any less cost than the market price of an 
was in the enhanced endu- 


rance of the product. e result has fully justified the 
wisdom of the policy, and the expenditure for the plant has 
been more than returned to them, directly by the dollars 


saved in being their own manufacturers ins of purchas- 
ing from outsiders, and indirectly, which is of paramount 
importance, in the ming ae Be the rail, requiring less fre- 
goeet ny of the tracks, and of course a reduction in 

e expenses for A 

The Reading Rallroad, at the expiration of 1875, owned, 
leased, and controlled 1550 miles of track and sidings. The 
transportation department requires for its business 404 
locomotive engines, some of them weighing 38 gross tons 
and the majority 30 tons; 14,975 eight and fonr-wheeled 
coal cars, equivalent to 22,740 four-wheeled cars; 3520 
eight-wheeled and $28 four-wheeled freight cars; and 310 
Ssgenrs on cars. In addition, the roadway department has 
in use for construction and repairs 687 four-wheeled cars. 
The class of traffic is peculiar, about 60 per cent. being 
coal, 34 od cent. freight, and AS ond cent. passenger; the 
nature of the trade being especially destructive to the per- 


manent way. 
The rolling mill constructed by the company consists of 
12 single puddling furnaces, with a yearly capacity of 6500 
tons of puddled bars ; 8 heating furnaces; and 2 reheating 
furnaces, capable of furnishing in the manner hereafter 
mentioned 20,000 gross tons of finished rails annually. It 
is more especially a re-rolling mill. The method 
for ing the rails was to work about two-thirds old rails 
with one-third new or puddled iron. Three pieces of old 
rails are piled on two layers of puddled iron, as shown 
Fig. 3 in the accompanying sketch, and heated and rolled 
into 3 in. and 44in. by lin. flats ; these form the body of 


the pile (Fig. 4), being piled so as to break joints, 7 in. high. 
piece is rolled from a 9in. square of these 
same flats (Fig. 2) heated and rolled into a 9in. wide 


~ Agee thick, —- about 22 per cent. of the whole pile. 
rail pile thus e up to a section 9 in. square is ro 

in three-high 23in. rolls, until reduced in six to a 
bloom 7in. wide on the base, 5in. high, and 5in. wide on 
the top. The bloom would somewhat naturally assume 
this shape in course of reduction, but it was more particu- 
larly given to distinguish the head part of the bloom from 





the is then carried hot to a reheating 
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i evident in the rolling on the two-high 
train that rail comes from the last a 
colder than it would if rolled on —— rolls, frot 
the fact of meee oe bei —_ = fl rolling 7 
ing over the rolls instead o i rough a groove, 
and hes quuahiepable heat is lost. ‘The colder the rail is 
rolled in the last few passes the denser and harder will be 
the metal. In this way an extremely sound rail is obtained, 
with a good wearing surface. All the rails are stamped 
or embossed with the year of their manufacture, and as 
they are placed in the tracks the month is also stam 
upon them. No old rails are sold by the company, but 
worn out or used up are returned at once to the mill, 
and from the stamp upon each rail we get the date of its 
birth, and, knowing the time of death from its return, we 
can compute the life of the rail. In the annual reports o' 
the p t of the Reading Railroad Company, since 1868, 
will be seen a statement of the wear of the rails manu- 
factured by the company. From this we learn that out of 
9000 tons of rails made and placed in the tracks in 1868, 
the first year the rolling mill was operated, only 4500 tons 
or 50 per cent. had been returned at the close of the year 
1875 as worn out, leavi - In 
1869, the second year, 17,000 tons were rolled and put in 
the road, out of which but 4000 tons or 24 per cent. have 
been condemned as used up, and returned for rerolling, 
leaving 76 cent. still in use. As itis probable that 
some of the rst two years’ make, although too much worn 
to be of service in me main we Tale ee | oy he 
be in the sidings, instead o: ing sen e 
ees estimate is made of the tonnage carried, but pass- 
ing to the third year, 1870, the product being 17,500 tons, 
we find only tons or 17 per cent. have been condemned 
as worn out, and taken from the tracks, leaving 83 per 
cent. of this year’s make still doing service after six years’ 
use, having carried some 50,000,000 gross tons. 
It should here be stated that at the expiration of the year 
just mentioned the weight of the rail was in 
Ib. to 68 Ib. yard, more metal being 


with ex 
product 


creased from 
T'making it still more lasting, The 
tion o' ing it still more ing. e 
of 1871 was 19,000 tons, 92 per cent. of which can 
now be found in tolerable condition, after having borne five 
years’ traffic; and of the product, 20,000 tons, of 1872, 


onl. cent. have been worn out under a tonnage of 
hooks” Since 1872 the make has ave: 15,000 tons 
per annum, but owing to the remarkable urance of the 
rails previo made all the new rails manufactured in 
1873, "74, and "75, have not been laid in the track, and the 
percentages of removals are not quite so accurate as those 

mentioned. This generally would seem to show 
the uniform excellence and durability of the rails turned 
out by the described. 

Lao in 1B6) it was decided to make ome particular tests 
of rails man in the usual , with the exception 
of leaving the old railsout of the piece, and substitu- 
ting some special brands of a won , worked alone for this pur- 

In January, 1870, ils were p) in the down 
God: of tha main tins above Reading, near the rolling mill, 
where they would be required to carry most of the immense 
tennage from the coal regions, and where they could be 
frequently observed by the writer, and their wear carefully 
noted. e method of ing these rails will now be de- 

i Referring to the sketch, Fig. 1 represents a pile 

, puddled against soapstone, com- 
pressed in the rotary squeezer, and rolled into flats 4} in. 
and 3} in. by } in., and piled, breaking joints, 8 in. wide by 
6 in. high ; this is rolled into flats 4} in. and 3 in. by 1 in., 
and formed into a pile of a section 9 in. square, as shown in 
ig- 2; some of piles were rolled flat or horizontally, 
others on edge or verti into head-pieces, or tops, 
wide by 2 in. thick. of the rail pile (Fig. 4) 
up of 44 in. in. flats, ro from a 

i ieces of puddled 
shown in Fig. 3. The rail'pile (Fig. 4), thus made 
section 9 in. , is rolled into a bloom (Fig. 5) 
i d 6 in. high, with the head at 
a reheating furnace, wash 

f rolling in the two-high rolls to the rail 
rolling of some of the piles for the heads (Fig. 2) on 
i welds vertical instead of horizontal 

for the of com the 


In the horizon’ oon Pang whe failures 
ination. The best res: ts followed from the 
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¢ | mixture of 60 


cold-shortness an a tensile strength 
of 65,200 1b, the red-chort 60,700 Ib., and the cold-short 
'52)500 Ib. These were again in two lots, those 
ie Sore rolled flat, an¢ those 

and t , including 
Sotually carrie! by each kind 
as follows : 





Rails with Heads 


Kinps oF Iron. Rolled Vertical. 





tons. 
22,819,300 
28,789,361 
33,472,600 
30,040,670 


Red-short, average ... 
Neutral ” 
Cold-short _,, 
Total 
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From this we gather that the cold-short irons rolled on 
edge show on the average the most endurance. The parcel 
of rails doing the best was removed after six years of ser- 
vice, during which time 55,000,000 tons over them. 
One of these rails carri 
taken from the tracks before being absolutely worn out, to 
be placed on exhibition at the Cen Exposition. The 
hard, fine grained, cold-short irons are more durable than 
the softer and stronger fibrous irons of a red-short nature. 








ae The cold-short irons appear to give the best welds, and the 


stronger they are the better. The iron in the heads of the 
rails bearing the maximum tonnage was from a blast fur- 
nace in the vicinity of ing and was smelted from a 
cent. East Pennsylvania hematites ; 25 
per cent. Tilly Foster, and 15 per cent. East Pennsylvania 
magnetic ores. The analysis of this head iron gave : 
Phosphorus ots Ph noel ie 422 
Sulphur ... ae ee #. sas = 
Manganese bee fre ; ; 
Carbon 027 
Iron 98.963 
- Total... a te ... 100,000 
Tn the same track with these experimental bars were 
laid some rails with the heads formed of a solid hammered 
charcoal bloom, with the expectation that being without 
welds they would show a wear equal almost to steel, but 
they gave out under a to of 28,000,000. As the iron 
was too soft from lack of sufficient rolling, they mashed out 
in spots under the heavy traffic. Puddled steel-headed 
rails have not done much better from the same causes, 
Some excellent results were obtained from steel-headed 
ils, le by welding Bessemer and Siemens-Martin or 
open-hearth steel slabs on to an iron base, but, as the pur- 
pose of this paper was to deal with iron rather than steel, 
inquiry in this line will not be extended further. 
hilst admitting the vast superiority of steel for rails 
required to withstand a very heavy ¢, iron, if carefully 
selected and properly manufactured, has a cone for 
which it seldoms gets credit. At the present time it is 
possible to make iron rails by the method described at con- 
siderably less than the price of steel rails, and as a matter 
of economy it'is of vast importance to roads with an ordi- 
nary traffic to consider whether they shall substitute steel for 
their old iron rails, disposing of the latter at. a sacrifice, or 
have them rerolled by the process adopted by the Philadel- 
phia and Reading Company. 


A CENTURY OF MINING AND METAL- 
LURGY IN THE UNITED STATES, 


Centennial Address of Hon. Apram S. Hewirr, Presi- 
dent Elect of the American Institute of Mining 
Engineers, Philadelphia, June 20, 1876. 

(Concluded from page 131). 

ALTHOUGH there is an impression abroad that this is 
one of growing concentration of property, no man can study 
the history and the facts of the development of society 
without coming to the conclusion that at no period has 
there been so general and equal a distribution of rights and 
property as in the present age. The destruction of the 

system was, in reality, the establishment of a new 
and better theory, in regard to the ownership of land, 
which has borne its legitimate fruits in the subdivision of 
estates in France, through the convulsions of a revolution ; 
in the more general distribution of landed property in 

Germany, and in that steady, remarkable, and successful 
itation in England, which is now showing its results in 

the limitation of entail, the simplification of transfer, the 

enlargement of the suf , and the acquisition of small 
freeholds, whereby political power is being slowly but surely 
transferred from the landholders to the middle classes 
of the most powerful and compact political organisation 
wie ie ores Res oe seen. 

ile t is thus an unmistakable progress in the 
world towards a faster and more general distribation of the 
control of the resources of nature and of the fruits of human 
industry, the present century has, undoubtedly, develo 

a new and remarkable cen ing tendency, which might 

be denominated the centripetal industrial force. I speak of 

the application of the corporate principle to the 

ment of enterprises, producing a concentration 

of property and management h the diffusion of 

ownership. Under the co 8 , the number of 
owners may be unlimited, but the Benen is necessarily 
confined to a few hands. It is the political idea of repre- 
sentation to industrial enterprises ; itis the common 


he 





ped 
from | wealth in ite industrial, and not its political sense, which 


is concentrated for the material wants and progress of the 





being | human race. Now, this law of universal o 
- | limited , heretofore 
success during the latter half of 


applied with marked 


management 
the present century to 


ied over 56,000,000 tons, and was | gost 


rate 
ped | notorious that 


under | have 





heads rolled vertical, | of the 
ight of engines and cars, | to-day, has 
ore it was worn out was | i 


represen 
owners who rely oy steady but not excessive dividends 
for their support. It is the — to Say the theeet cor- 
porations as monopolisers, it is oughtiless 
who do not investigate below the surface, who this 
view of what is y the most in’ ing and s' stive 
application in our day of a powerful and irresistible force 
originating in the very heart of the social fabric. The 
monopoly is not the ly of ownership, for everybod 
is free to buy and sell, an there.is na day when 6 man wie 
money may not, at ifs value, procure a share of these 
enterprises. And no one familiar with business will pre- 
tend that the profits have been*out of proportion to the 
cost and the risk of the undertakings, and no more con- 
clusive answer, to any complaint on the score of monopoly 
can be made, than that to-day the shares in these corpora- 
tions, in many cases, are selling below the inal money 
. These corporations are, in fact, not the creators, 
but the out-growth of a new and beneficent principle, 
which has begun to assert itself in society, and will continue 
to grow in power until the end of time. This principle is 
the practical association of di capital, through the 
agency of corporate organisation, with labour, for the pro- 
motion of economy, for the ae of processes, and 
for the general welfare of mankind. 

The capital is derived from innumerable sources, just as 
the little rills, finally, through streams and rivers, consti- 
tute the great ocean. The labourer himself may thus be 
the capitalist, and the capitalist may thus be the labourer, 
eacl*taking his share of that portion of the fund which is 
appropriated to labour and to cogial, and often in a double 
——_ taking a share from both. : 

its perfect and ultimate development it embodies: the 
Christian idea of “having all things in common,”’ yet 
‘* rendering unto Cesar the things that are Casar’s.’’ 

The rate of profit which may be derived from these great 
enterprises, subject as they are to the scrutiny, criticism, 
and judgment of the public, in an age when nothing escapes 
notice, and all rights and property are virtually subordi- 
nated to the pop will, can never be excessive, for two 
reasons : on the one side the public will inevitably demand 
lower prices for an article of primary consequence in every 
household, and these rations, creatures of the public 
will, as they are, not successfully resist such a 
demand, based upon excessive or unreasonable profits. 
On the other hand, whenever the dividends rise above 
a reasonable rate of compensation, the labourers engaged 
in the production of coal, from whom these profits 
cannot be concealed, will justly claim, and rightfully 
secure, a larger share of the fruits of their labour. 
The checks upon any exercise of the power 
conferred by the ownership under limited management of 
the anthracite coalfields, are in reality so powerful, that 
the public have nothing to fear from this cause, but the 
corporations have rather reason to dread that they may not 
have justice at the hands of the public and the working 
classes. This justice they can ‘ily hope to secure by the 
wisest, best, and most economical management and ad- 
ministration of the property they control, and whatever 
profits they may hereafter derive and be allowed to divide 
among-the owners, will be rather due to the economies 
which they may be able to introduce, whereby the article 
is furnished at the lowest possible rate, than to any fancied 
monopoly which they may have in the coal itself, or in its 
ay Sg on ; : 

Already, by the application of adequate capital, guided 
by the largest pawl ang and the highest technical skill, 
the anthracite coal mines from being worked in a wasteful 
and extravagant manner, are being rapidly put in the best 
possible shape for the economical delivery of coal at the 
surface, and forthe preservation of every portion of the 
store upon which the future value of the property must 
depend. But besides economy in mining and care in pre- 

erving, there must be regularity and stability in the opera- 
tions of the mine. There can be no real profit where these 
operations are subject to constant interruption, caused by 
strikes or other artificial impediments. e loss of interest 
on the plant at the mines, and in the lines of transportation 
caused by pe Pary us stoppage to the works, would, of 
itself, be ient to render investments of this kind un- 
profitable. Hence the — must be regulated and pro- 
portioned to the wants of the market. But this regulation 
must be continuous and not spasmodic. To enable this to 
be done, jo stocks of coal must necessarily be kept on 
hand, in order that any sudden demand may be ge | 
met without any serious increase in price; and in dul 
times the accumulation and restoration of the stocks will 
give steady em t to the miners, to whose families any 
cessation of work is a calamity of the most serious character, 
and to society an unmiti evil. To insure continuous 
operations, the best ions must exist between the corpo- 
owners and the labourers in their employ. It is 

hout the coal regions these relations 
have been of the most unsatisfactory character, resulting, at 
often- ing intervals, in strikes and lock-outs, which 
have no redeeming feature, but, on the con’ , have raised 
pd ge of coal to the consumer, have impaired the divi- 
dends of the owners, and have reduced the working-men 
and their families toa condition of suffering and demoralisa- 
tion “Pi ing to ry tag ee of hisrace. It is fortu- 
nate, therefore, that the interests of all classes concur in 
the prevention of these destructive and demoralising col- 
lisions, and that the owners of the » for their own 
self protection, will be driven to remove causes which 
a fee Be i Oe See oe 
or machinery, highest skill, for 
economial 


capi for the 
most transportation, unless they can, at the same 
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time, insure a continuous production from a contented 
la i ay tee 

This ve 
of sacrifice which has sent out.our missionaries into every 
heathen land, had been shown in the coal regions, and the 
same efforts had been made to establish and maintain the 
school house, the church; and above all the Sunday ‘school, 
which have borne such fruits elsewhere in this broad land ; 
if the hospital for the sick and the comfortable. refuge for 
the unfortunate had been —e rovided ; if ee 
rooms and night schools and ratio of amusemen 
had, from the outset, been maintained for a goviagaal 
restless population, the coal region to-day might have been 
a paradise upon earth instead of a-disgrace to civilisation. 
And here it is that this new power of concentrated manage- 
ment can exert itself with sure and absolute success. The 

propriation of a few cents per--tofi. on the coal mined to 
the work of improving the moral afid Tiitellectual conditions 
of the miners and their families, ina time incredibly 
short, change the whole face of society.in the coal regions. 

To be effective, however, this consecration of a fixed 
amount on each ton of coal sent to market must be as ab- 
solute and final as that portion of the proceeds which is 
devoted to pumping the mines, or driying the gangways. 
It must not come from grace, but from_a sense of duty in- 
volved in the ownership of property, and dictated by a wise 

ard for its preservation and permanent value. Even if 
this percentage were added to the price of the coal the addi- 
tion would not be 
such addition could possibly occur, as'there is no surer way 
of promoting economy in the cost of production than by im- 
proving the social condition, the self-respect, and the in- 
telligence of those who are engaged in the work of produc- 
tion, which thus becomes continuous and systematic. Until 
the + companies thus recognise the duties, the responsi- 
bilities, and the opportunities for good, which are offered 
by the new social development which has rendered their 
existence a necessity as well as a possibility, they must not 
complain that they are regarded with distrust, and as 
enemies, both by the public which consumes their products, 
and by the working classes who see in them only ping 
employers without a conscience. What individual owners 
could not do, it is easy for these great companies to put 
in practice; but the effort must be as earnest and serious, 
as is the business of producing the coal and getting it to 
market. The very best talent must be secured for the 
organisation and management of the various agencies neces- 
sary for the moral, intellectual, and social improvement of 
the working classes, who must be themselves associated in 
the administration of the fund created and expended for 
their benefit. Five cents ton would produce an annual 
revenue of over 1,000,000 dols. applicable to this necessary 
and noble use, and five years of its intelligent and con- 
scientious administration would convert what in some 
regions has been aptly termed a “‘hell upon earth’ into a 
terrestrial paradise which would be the pride and the glory 
of the new world. 

What more fitting celebration of the Centennial year of 
American Independence could be possibly suggested or 
devised, or how could the advent of the incoming century 
be better signalised, than by the foundation on the pr of 
the great Anthracite Coal Companies, of a new depart- 
ment in their administration, for the moral, mental, social, 
and physical improverrent of the working-men and their 
families, and by the appropriation of a fixed charge on coal 
for this purpose. Let each of them selecta well paid and 
conipetent agent to devote himself to this work ; let the 
various agencies be wisely organised and a oe 
and there will be realised one of the greatest triumphs of 
that gospel which proclaimed ‘‘ Peace on earth, and good 
will towards men.”’ The example thus set will soon extend 
itself to other industries, and to every branch of business 
which can adapt the corporate principle of the concentra- 
tionof management through ion of ownership, the 
result of which will be that the strange phenomenon, now 
felt: throughout the civilised world, of a'general glut of pro- 
ducts in the face of general want of them, will never again 
be witnessed ; because, when the working classes,:through 
the diviner agencies of Christian effort, shall have constant 
employment, and adequate compensation, the sure tesults'o: 
general enlightenment anda cultivated conscience in the’ 
use of property, the power of" consumption, now. so far in, 
arrear, will surely overtake the power of production, and 
re-establish the equation which nature ititended to subsist 
between them. “Thus may be realised that Christian Com- 
monwealth which has been the dream of the patriot, the 
philanthropist, and the statesman in allages, in which every 
man who is willing to work shall find employment, and in 
which the products of industry will be so distributed that 
every man shall feel that he has reetived his fair share‘of | 
them ; in which there will be neither abjeet and hopeless 
poverty on the one hand, nor superftnous riehes on the other, 
becanse the problem of how to distribute eapital through 


the concentration: of management will- have° been’ fully 


solved; and be thoro iy nospesnenene: by all classés in the 
comm ; in which the quaint questions put by Thomas 
More, years ago, will at length have beak wered 


= his suggestive commentary thereon have lost its signifi- 
ce ; 


“Is not that Government ‘both unjtst and ungrateful 
that is so prodigal of ‘its favours to on that are called 
goubletoen, or goldsmiths, or such others who are idle, or 

vé either by flattery, or by contriving the arts of vain 
pleasure ;.and on the other d takes no ¢are)of, those , of 
@ meaner sort, such as hmen, oolliers, and smiths, 
a= pe oy conls. <9 subsist ? } 

‘ But after the public has rea: all the advan of 
their service, and they ie with pom 
ness, and want, all their labours and the good they have done 

them is, that the 


is fe 5 a the recompense 5 
areé teft to die in it misery. The richer #6rt ere often 
by 


it in their power to do. If the same spirit : 


gradged by the public ; but in fact no |" 


, | vigour when concentrated 
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Anthracite, Iron in| Lead, in Copper in | Quicksilver Gold, in Silver, in [Petroleum 
YEAR. | in Tons of ‘ons of Tons of Tons of | in Flasks of Dollars jin Barrels , 

P2240 Ib. 2240 Ib. 2240 Ib: 2240 Ib. , Tb. United States | United States: i 
Avoirdupois. |Ayoirdupois. |Ayoirdupois. |Avoirdupois. Py. Soil : Coin. Coin. 42 Gallons. 

1819 18,000* ; 

1820 1965 

1821 8,278 

1822 4,940- > 

1823 9,023 

1824 13,641 4,432* 

1826 38,499 i. 1,281. 

1826 54,815, pS 1,771 

1827 Z1,167 | 2,178,239« 8,927 | 

1828 91,914 130,000 7,815 

1829 133,203 142,000 7,824 | 

1830 209,634} 165,000 7,163 

1831 230,320 191,000 6,646 | 

1882 448,171 | © 200,000 8,888 e ” 

1833 592,210 218,000 9,767 

1834 456,859 236,000 10,652 

1836 678,517 | 254,000 11,698 

1836 825,729 272,000 14,216 

1837 .| 1,039,241 290,000 11,994 

1838 873,018 308,000 13,512 

1839 057,436 326,000 15,589 

1840 1,008,220 847,000 15,000 

1841 1,115,045 290,000 18,171 

1842 1,286,618 230,000 21,586 

1843 1,478,926 312,000 21,000 

1844 1,899,805 394,000 22,000 2,680* 

1845 2,352,984 486,000 26,500 100 

1846 2,707,321 765,000 25,000 150 

1847 3,327,155 00, 25,000 800 oo 20,000,000* 

1848 3,572,605 800,000 22,600 500 “4 10,000,000 

1849 8,724,806 650,000 21,000 700 me 40,000,000 

1850 3,863,365 563,755 19,500 600 25,424" 60,000, 

1861 5,190,690 413,000 16,500 8u0 000 55,000,000 

1852 6,725,148 640,755 14,000 1,000 20,000 60,000,000 

1853 6,940,905 728,214 15,000 1,850 19,000 65,000,000 

1854 6,846,656 662,216 14,000 2,250 000 60,000,000 

1855 7,684,542 700,159 14,000 3,000 33,000 55,000,000 

1856 | 7,999,767| 788,515 14,000 4,000 30,000 55,000,000 

1857 7,694,842 712,640 14,000 4,800 28,000 55,000,000 - 

1858 7,864,230 629,552 14,000 5,500 81,000 50,000,000 1,000,000* 

1859 9,010,726 760,560 14,000 6,300 12,000 50,000,000 8,200 

1860 9,807,118 $21,223 14,000 7,200 10,000 ,000,0' 160,000 660,000 

1861 9,147,461 658,164 14,000 7,500 ,000 43,000,000 2,000,000 | 2,118,600 

1862 9,026,211 702,912 14,000 9,000 42,000 89,200,000 500,000 | 8,056, 

1863 10,953,077 846,075 14,000 6,474 40,531 40,000,000 8,600,000 | 2,611,859 

1864 11,631,400 1,018,837 14,000 6,518 47,489 46,100,000 11,000,000 | 2,116,182 

1865 | 10,783,032 1,7 13,165 6,811 63,000 58,200,000 | 11,260,000 | 3,497,712 

186g | 14,233,919 | 1,200,199 14,342 6,978 46,550 63,600,000 | 10,000, 8,597 

1867 14,845,644 1,305,015 13,662 7,774 87,000 51,700,000 18,550,000 | 3,847,306 

1868 16,810,466 1,431,250 14,636 9,467 87,000 48,000,000 12,000,000 | 8,715,741 

1869 16,375,678 1,711,276 15,653 11,858 83,713 49,500,000 13,000,000 15, 

1879 | 17,819,700 | 1,696,429 15,922 12,650 29,546 60,000,000 | 16,000,000 | 5,659,000 

1871 | 17,370,463 | 1,707,685 17,854 12,546 31,881 48,500,000 2,000,000 | 5,796,000 

1872 | 22,032,266 | 2,539,783 23,106 11,948 80,306 36,000,000 | 25,750,000 | 6,539,103 

1873 22,828,178 2,560,962 46,661 15,673 800 85,000,000 86,500,900 | 9,879,456 

1874 21,667,386 2,401,261 53,219 7,548 84,254 89,600,000 82,800,000 |10,010,803 

1875 20,643,409 | 2,108,554 63,000 15,625 53,706 33,400,000 41,400,000 | 8,787,506 

Total ... | 341,521,423 | 40,000,000 | 865,000 200,000 840,000 —_| 1,882,700,000 | 261,450,000 |76,694,600 

















produce to be made to this effect, so that though it is a 
thing most unjust in itself to give such small rewards to 
those who deserve so well of the public, Fro they have given 
those hardships the name and colour o justice, by procur- 
ing laws to be made for regulating them.’ 

Although I quote from the ‘‘ Utopia” let it not be sup- 


f | posed that there is enything Utopian or impracticable in 


the proposition which I have advanced. It seems to me to 
be the next great step to be taken for the amelioration of 
the condition of ind. The law of diffusion which thus 
far has governed the progress of the human race towards 
a higher and better plane of civilisation, ha8 at length made 
an effective lodgment in the domain of capital, whereby 
if’is rendered capable of infinite division without impairing, 
—— the economy and force of its ad- 
ministration. The es that ‘‘ corporations: have no 
souls,” must, and will, next be ‘removed, so"soon as the 
beneficent possibilities inherent in these agencies shall be 
generally - ised, yan those who rif called to oe 
management s see because capita] is . 
the primary law on which all property rests, at itisa 
trust to be administered for the public good, loses none 
of its foree, but can, in reality, only assert i vin, all, i 
i management is br to 
tiotis of capital. Man did 
’ until God breathed into him.t 
life, So corporations are mere machines until . 
inspired by the associated conscience of society, 
they can give ready and effectivé expression, and I 
Ne oer inl wae sgoaliar, copngleseaa mate 
cause their y and their i isatic 
it easy as well as profitable for them to put in practice the 
fundamental idea that a fixed portion of the ceeds of 
industry should be invariably devoted to ‘the social im- 
provement of those who labour directly for its develop- 
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ment. 
If the seed here droppt Gichbi tales eaviyne Lgvay, saat 
‘believe it will, then i will thecountry and the world 
development of the 





to bring the hire of labourers lower, 
Dracties, but by Hh laws whieh they 
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-have reason to rejoice at the industrial ] 
last. hundred years, and the celebration of this Centennial 





* Including the whole previous period from 1776. 


be the dawn of a better 
who, let it be confessed with r 
have not yet been endowed with their fair share of the 
things of this goodly earth. 


day for the patient ‘sons ‘of toil, 
with all fenckenees and yompend| 
g 





Tur WALLAROO Mrnzs.—At these somewhat important 
South Australian mines a substantially constructed ne 
house with a shaft 94 ft. high has been recently com 
Within this structure there has further been an 
engine of 141 horse power, manufactured by Mess 
aa Co., England. © The engine is of the ordinary 
Cort type with two 12 ton boilers, The cylinder is 60 in. 
in diameter. 


Tux Brooxiyn Bripgz.—The towers and anchorage of 
this great bridge have been-completed, and the construction 
of the bridge proper is about to be commenced. A steel 
rope will be to the New York ancho 
be conveyed over the 
be con to B ; the ro 
the Brooklyn tower and hauled taut ; this will fame 
tothe Brooklyn anchorage, and the coil borne back to New 
York, and the ends connected, thus forming pe 
which will work on . By means of this two stee 


br, y 2 2§ in. in , Will be ‘carried across,” 
will be 3} ft. apart, and will be used for tn sonia of 
a temporary ao for the workmen, plank in. 
in thickness will be laid upon the ropes. i 

be stretched on eath side about3 ft. above the 





mired for tl 
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SCIENCE EXHIBITS AT THE PHILA- 
DELPHIA EXHIBITION.—No. I. 


THE science exhibits at the Centennial are scat- 
tered overaconsiderable area; eachnation has its own 
collection, and this is sub-divided into as many groups 
as there are exhibitors, while the latter in several 
instances seem to have thought that ‘‘ distance lends 
enchantment to the view.” This dispersion neces- 
sarily demands no small outlay of time to enable the 
visitor to form an idea of the extent to which science 
is represented at the great American Exhibition, It 
might not have been found expedient, alth very 
desirable, to bring together the science ibits ; 
but perhaps more might have been done towards 
concentration without detracting from the indivi- 
duality of each exhibitor’s collection. 

In point of compactness, the French section is 
pre-eminent ; for with two exceptions, all the phy- 
sical apparatus belonging to French exhibitors is 
spread over a space not exceeding thirty feet square. 
The exceptions just referred to are Jamin’s laminated 
magnet and the Gramme magneto-electric machine, 
which, as it must be driven by steam power, is 
located in the Machinery Hall. 

The most conspicuous objects in the French sec- 
tion are two direct-vision telescopes. The first of 
these is possessed of considerable historic interest, 
It is exhibited by the Observatory of Paris, and is 
that used in his observations by M. Leverrier until 
recently. With this instrument he discovered the 
planet Neptune, The authorities of the Observa- 
tory exhibit this telescope for the purpose of sale. 
The prime cost was 50,000 franes; it is offered for 
25,000 francs. It has many admirers, but has not yet 
found a purchaser. 

The second telescope is exhibited by Bardou et 
Fils, Paris. It is mounted ona ‘“‘ Vaucanson” stand, 
the tube is of bronze, and carries a finder of the 
same material. The object-glass is 8 in. in diameter, 
and has a magnifying power of 400. The instru- 
ment is provided with four terrestrial and four 
celestial eye-pieces, ‘The powers of the former are 
115, 135, 190 and 230; the powers of the latter are 
150, 240, 300, and 360. This beautiful instrument 
was constructed for Bardou et Fils by Naudet et 
Cie., Paris. The collection comprises four other 
telescopes fitted up for home use and for educa- 
tional purposes. ‘The largest is mounted on a ma- 
hogany stand ; it is provided with a 4 in. object-glass 
having a power of 200. Messrs, Bardou et Fils further 
exhibit a large variety of aneroid barometers. These 
are technically known as the ‘“ holosteric” baro- 
meters, They are constructed with modifications 
to meet the special requirements of tourists, civil 
engineers, naval officers, &c. ‘There are models of 
the forms in daily use by the French artillery, the 
Director-General of the Imperial Observatory, 
Vienna, &c. Along with these may be seen a large 
number of field-glasses and microscopes. There is 
one spectroscope, small in size, and presenting 
nothing novel in its construction. 

The collection of M. Duboscq is less remarkable 
for the number of instruments it comprises than for 
their high scientific value. It includes a beautiful 
model of his electric lamp and regulator ; a spec- 
troscope with latest collimator arrangements; a 
highly-polished saccharimeter ; several blowpipes of 
special construction, and a number of crystals for 
the study of the phenomena of polarised light, in- 
cluding plates of tourmaline, bi-quartz, right and 
left-han quartz, arragonite, &c. The whole of 
this interesting collection has been bought for the 
physical department of the West Point Military 
Academy. 

The finest instruments of micography are those 
made and exhibited by Nachet et Fils, Paris. Here 
is a goodly assortment of ordinary microscopes of 
various sizes, others made especially for chemical 
and biological investigations, binoculars, &c. There 
is one that attracts particular attention, and which 
on account of its size might not inappropriately be 
called the Mammoth miscroscope. The distance 
between the object-glass and the eye-piece may be 
carried to 90 centimetres (nearly 3 ft.), and even to 
1 metre 3 ft, 3g in.), without any inconvenience. Such 
& magnifying power as is obtained in this instrument 
demands great nicety in the general adjustments, 
and especially in focussing the object-glasses, and 
in the position of the light. Strong thick object- 
glasses may be used in this instrument, as the silvered 
mirror with which it is provided, and which throws 
the image on to the eye-piece, causes but an insig- 
nificant diminution in the intensity of the Hight. The 
mirror is silvered by Foucault’s process, is mag- 





nificent microscope is the largest and most striking 
of its kind in the Exhibition, Ty 
The Société des Lunetiers of Paris have an ex- 
tensive collection, embracing theodolites with silver 
graduation, levels, surveying-chains, goniometers, 
and compass-boxes, The last-mentioned is a spe- 
cialty of the society; samples are exhibited of 
yarious degrees of completeness and polish, and 
fanging in price from 8d. to 8/. 
be seen M. Perreaux’s cathetometer for reading 
lengths or heights with great accuracy, and his 
spherometer for determining with precision vi 
minute thicknesses, differences of level, &c. , 


The subject of electrical discharges in rarefied | Charles 


media is romans by. about a dozen vacuum 
tubes, one of which is the largest that we have yet 
seen, The smaller tubes exhibit the same variety 
of sizes, fluids, coloured glasses, and fancy — 
that may be seen in the windows of any of our 

class instrument. makers, Two of these represent 
the names of Volta and Faraday. The whole of this 
collection is by Alvergniat Fréres, Paris. 

Among the most interesting optical exhibits be- 
longing to this section should mentioned the 
numerous collection of object-glasses made by C. 
Feil, of Paris. The fact of their bearing this name 
is the surest guarantee of their intrinsic value. There 
are two large object-glasses of 52 centimetres (20 in.) 
each, one of flint, and the other of crown glass, 
One of these was used by the French observers sent 
out to Japan to view the late transit of Venus. 
These glasses are valued at 5500 francs each. There 
are many other specimens in this compartment vary- 
ing in diameter from 52 centimetres to 11 centi- 
metres. The same establishment further exhibits 
fourteen prisms of glass of various sizes, and about 
as many specimens of rare crystallised chemical sub- 
stances. Among the former are a large triangular 
prism of flint glass of 3.62 density, and whose index 
of refraction is 1.64, and a small square prism of 
the same material, whose specific gravity is 5.2 
(extra dense), and refractive index 1.79. Among 
the latter we may mention a large specimen of 
alumina crystallised by vapours of boric acid, a 
silicate of thallium, a fluo-silicate of potassium and 
aluminum, a fluo-silicate of aluminum and magne- 
sium, a boro-silicate of aluminum coloured by cobalt, 
and lastly a boro-silicate of aluminum, magnesium, 
copper, and uranium. 

Among the pneumatical exhibits, there is nothing 
superior to the air pumps made by Deleuil. 
The base-plates and framework of these instruments 
are massive, and are made of iron. The leading 
feature is the construction of the piston, ‘This con- 
sists of a cylinder of brass cut horizontally by small 

ooves. These are numerous and disposed at equal 

istances. ‘The piston does not fit hermetically into 
the glass cylinder within which it works. A thin 
film of air intervenes and plays a very important 
part in the proper working of the ah gat When 
the pump is set in action, at each stroke of the-piston 
a definite volume of air is withdrawn from the re- 
ceiver, and a certain quantity also forces a passage 
down through the almost —— space separating 
the piston from the barrel. The quantity that enters 
is much less than that pumped out. According as 
the process continues, the former quantity diminishes 
until it reaches a certain minimum. The decrease is 
caused by the friction of the air upon itself and upon 
the contiguous sides of the piston. This friction 
seems to be very considerable just around the 
grooves, that is at their limiting surfaces. Hence 
the utility of multiplying these grooves. The fric- 
tion is so great as to completely dispense with all 
lubricating substances about the cylinder and piston, 
and this is a very great advantage, as the use of oil 
has invariably been productive of mischievous re- 
sults, A reduction of pressure to one and a half 
millimetres of mercury is readily obtained. The 
piston rod is connected with an epicycloidal move- 
ment which is driven by a wheel and small train of 
wheelwork. The pump may be used for exhaust- 
ing or condensing, a slight blow sufficing to change 
the gear. The condensing chambers consist of 
strong — vessels fitted up with manometers, 
and capable of bearing considerable pressure. 
second instrument of this kind which is also ex- 
hibited, consists of two such air pumps, They 
are of much larger size, and are intended to be 
worked by a steam engine, They may both be 
used to produce a vacuum; or if needed, one 
may exhaust a receiver whilst the other may be 
condensing the air in a strong vessel. Among 
Deleuil’s other exhibits we may mention a balance 
in vacuo, which was used by the International Com- 


Close to these may 





mission appointed to examine the metre as a standard 
of length ; a large balance of t delicacy, capable 
of carrying 5 kilogrammes in each e, and of 
detecting a difference of half a milli e; a set 
of standard weights ; and a photometer constructed 
on the principle of that known as Dumas and Reg- 
nault’s, and provided with a balance which auto- 
masa indicate when the requisite quantity of . 
consumed. 
“The-subject of sound is well illustrated by some 
of ‘the finest and most elaborate instruments from 
the of M. Rudolph Keenig, Paris. Among 
the simplest instruments is a large model of Sir 
one’s kaleidophone, This is merely 
to make evident. to the eye the two systems of rec- 
tangular vibrations, from which a wonderful variet 
of coeagen Age > oe figures may be obtained. 
Twelve s kaleidophones are mounted on a 
mahogany stand ; the lengths of the component rods 
are in the rtions necessary to produce 
some of the most of thesecurves, The 
wave apparatus of Sir Charles Wheatstone also 
occupies a a position in this collection. 
The principle of interference is illustrated by two 
tubes devised by M. Koenig, and called his * inter- 
ference tubes.” One of the classical experiments 
pop Aw made with mage ag show et = 
sounds may partially or totally extinguish eac 
other, i.¢., produce , Bad There is also a number 
of organ pipes, with special adaptations for ascer- 
taining the nodes and ventral segments produced 
when open or closed by sounds of various intensity, 
a number of resonators of different forms, and a 
large collection of tuning-forks. Ten of these are 
formed into a collection and are mounted with small 
mirrors for the optical representation of rectangular 
vibrations. They predace in lines of light the same 
curves as those obtained from Wheatstone’s kaleido- 
phone, and others still more complex. They are 
well known to physicists as the figures of Lissajous. 
Of higher scientific value than these is the chrono- 
graph By. pee system), the double siren con- 
structed for Helmholtz, the siren to illustrate the 
experiments of Seebeck, and a small np gran used 
by M. Koenig in an investigation made by him upon 
the moot point of the limits to the perception of 
sound. Several of these valuable and costly instru- 
ments have been bought by the Smithsonian Insti- 
tute, the University of Pennsylvania, and other 
academic bodies. 

The twin subjects of electricity and magnetism 
are but meagrely represented in this section; and 
indeed the same remark may be applied with even 
greater rigour to all the other sections. There are 
very few exhibits, and these, with one or two 
exceptions, are little more than the commonplace 
instruments of elementary instruction. One would 
naturally have thought the many-sidedness of these 
branches, and the multiplicity of practical purposes 
which they daily subserve, would have secured for 
them at least a somewhat better show. The exhibits 
of an advanced character are Jamin’s net and 
the Gramme machine, both of which are to be found 
in the French section of the Machinery Hall, and to 
which we shall refer in a later article. 





RAILWAY WHEEL LATHE. 

WE give on page 174 a perspective view and on page 175 
a part longitudinal section and part sectional plan of a type 
of railway wheel lathe designed and constructed by Mr.; E, 
Constantin Pfaff,'of the Werkzeugmaschinen Fabrik Saxonia, 
Chemnitz, Saxony. In designing this lathe the objects kept 
in view have been, first, to secure a very smoeth motion of 
the face-plates—a motion entirely free from all such shocks 
as are produced by gearing—and next to get the wheel tyres 
to be turned very close to the face-plates, consequently 
considerably shortening the driving studs, and securing 
great stability for the whole machine. 

Réferring to our engravings it will be seen that upon a 
strong bed are fastened’ two hieadstocks A, each carrying a 
face-plate B, which runs on a large boss C on the headstock, 
and is kept in its’ place by segments of gun-metal D fitted 
into.an annular groove turned in the face-plate, Each face- 
plate has cast in one piece with it a worm-wheel E gearing 
into and driven by a worm F made in two halves adjust- 
able by nuts to avoid back lash. This worm is keyed upon 
a shaft, one end of which is steeled and works against a 
tail-pin G, to take up the thrust of the worm. In order to 
insure a perfect lubrication of the teeth of worm and 
worm-wheel, and so make the face-plates run easily, 
there is placed below each worm a large oil cup filled with 
oil, into which the thread of the worm dips. Keyed to the 
other end of the worm-shaft is a round disc with an enlarged 
boss H, running on which is a bevel wheel F which takes 


M. | into another bevel wheel K, on the main shaft L, which 


runs along the whole bed and communicates motion to both 
face-plates. ‘The bevel wheel F may be temporarily locked 
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fast to the disc H, and for this purpuse there is turned 
in the bevel wheel F an annular groove, to receive two bolts 
with dovetailed heads M, these bolts fitting into the disc H, 
so as to allow of coupling or disengaging that disc with the 
bevel wheel F, the face-plate B being consequently made to 
rotate or to remain quiescent according to the will of the 
workman. It should be stated that the object of this 
arrangement is, before starting work, to get, by turning the 
disc H with a hooked screw-key fitting in notches on the 
circumference of disc H, each of the two driving-studs in 
face-plates to bear quite tight against the wheels N. The 
jerking always experienced if the driving studs do not bear 
quite uniformly against the spokes of both wheels to be 
operated on, is thus avoided. The loose headstock spindle 
O is adjustable according to the length of the axle P carrying 
the wheels N. The compound slide rests Q are made and 
worked in the ordinary way, as is also the overhead motion. 
The details of the lathe we illustrate have been well worked 
out, and, as will be seen by the perspective view, the general 
design is very neat and substantial. 





LOCOMOTIVES FOR THE 18-IN. GAUGE. 


More than ten years ago (vide page 86 of our first 
volume) we published illustrations of the locomotive 
“Tiny,” this being the first engine constructed by Mr. 
Ramsbottom for working the 18-in. gauge railway which 
does such good service at the Crewe Works of the London 
and North-Western Railway Company ; and we now give 
on page 178 of the present number perspective views of 
two of the later locomotives for the same line, constructed 
by Mr. Ramsbottom’s successor, Mr. F. W. Webb. Both 
these engines have some very novel features in their design. 
The boilers are cylindrical, and each is traversed by a hexa- 
gonal flue strengthened by small cross-tubes, which present 
very efficient heating surface. From the flue three chim- 
neys pass up through the steam dome, each chimney being 
provided with its own blast nozzle. The fiue is fixed on 
the barrel by bolted joints so that it can be readily taken 
out for cleaning the cross-tubes when necessary, and the 
arrangement is one that has given every satisfaction. 

In the case of the “ Billy” there is fixed between the 
frames one of Mr. Brotherhood's three-cylinder engines, which 
by gearing communicates motion to one of the axles, the 
two pairs of wheels being coupled by side rods in the usual 
way. In the case of the “ Dickie,” however, which repre- 
sents the latest type constructed, two ordinary cylinders are 
used, these being 54 in. in diameter, with 6 in. stroke, and 
being placed outside as shown. 

The wheels of the “ Dickie” are 15 in. in diameter, and 


the tractive power is thus equal to 58*° =12.1 Ib. for 


each pound of effective pressure per square inch on the pistons, 
eo that with a mean effective pressure of 90 lb. the engine is 
capable of exerting a pull of 1089 1b. The boiler has 67 
square feet of heating surface. A special feature about the 
engine is the arrangement of the valve gear. There are no 
eccentrics or link motion, but the valves are driven from 
small cranks at ends of a countershaft which extends across 
the engine a little above and behind the leading axle as 


shown. As will be seen in the engraving the valve chests | pum 


are placed over the cylinders, so that the valve spindles 





(For Description, see Page 173.) 
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can each be directly connected by a link with the cranks 
just mentioned. On the driving axle is a spur wheel 6 in. 
wide on the face, this wheel gearing into another wheel of 
equal diameter but 2 in. wide on its face, which is carried 
by the countershaft. This latter wheel is not fixed on the 
countershaft but slides on a spiral feather, and thus when 
shifted laterally it causes the partial rotation of the shaft 
within it. This lateral movement of the spur wheel on the 
countershaft is effected by a clutch arm fixed on a shaft 
which extends the whole length of the engine and is actuated 
by a hand lever at either end. The partial rotation of the 
countershaft within its spur wheel alters the position of the 
valve cranks from that suitable to forward motion to that 
for backward motion or vice versd, and a very simple re- 
versing gear is thus obtained. A regulator handle as well 
as a reversing lever is provided at each end of the engine, so 
that the latter can be driven from either foot-plate. The 
water is carried in tanks between the frames, and the boiler 
is fed by an exceedingly simple kind of injector placed as 
shown. The engine is carried on four of Thomson’s cushion 
springs, these being simply placed in recesses cast in the 
top of the axle-box guide, and bearing direct on the axle- 
boxes. The whole arrangement is distinguished by the 
neatness and simplicity which always characterise Mr. 
Webb’s designs, and it is one which we expect to find 
imitated in cases where small engines are required for 
similar work. 


THE EXPLOSION ON BOARD H.MS. 
THUNDERER. 


Texts Day—Wepwespay, Ava. 23. 
Iy our re last week of the inquiry into the explosion on 
board H.M.S. Thunderer, the demands upon our s com- 
lied us to give but an outline of the ovlhenee of Mr. George 
fells. We now give it in full. 

Wells, a leading stoker belonging to the Asia, 
said: I have heard the evidence which has been given with 
regard to the surroundings of the explosion, and the evidence 
is quite true. I have lost _ many shipmates and friends 
by the explosion whom I respected as brothers. I am 
quite satisfied with the evidence the officer has given. On 
going on board on Friday, the 14th of July, 1 asked the 
chief engineer what I was to do. He said, “ Light the fires,” 
I think, “about half ten.” I sent the men below to shift 
themselves ready for work. During the time they were 
below, Mr. Harding, the tractors’ fi , sent for me 
and told me to tell the men that he wanted the trial finished 
that day if it were possible ; that they were to do the best 
they could, and he would not forget them. I went back, and 

the petty officers to call the men in, so that I might 
speak to them. During the time I was mustering the men 
I believe Mr. Harding gave the order, “ Light the fires.”’ I 
picked out all the best of the men for the measured mile, and 
the remainder went below, I telling them that they would 
have to work till one o’clock, when they would be relieved. 
I went down about five minutes me teeny while the fires 
were being lit. Mr. Foot was the engineer of the after stoke- 
hole. Everything seemed to e on well until they ted 
steam to about 261b., when I noticed the steam gauge on 
the exploded boiler did not y I spoke 
to one of the leading men of phrys, and asked him 
what was the matter with 8 He said, “ All 
ight. 1 will see to it directly.” He was busy at the time 
ing water into the same boiler. A few mini . 

. Harding’s attention called to it, also that 
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| of one of the dockyard fitters named George Adams. The 


latter made a start to take the plug out, to see whether the 
pipes were choked. I believe Mr. Harding told him to break 
the glass, and work the hands. I think it hung to 16 lb. the 
square inch after the glass was broken. Before the glass was 
broken it stood at zero. Everything went on all right as far 
as I know till about a quarter past twelve, an hour later. We 
opened the smokebox doors when we had obtained a pressure 
of 25lb. of steam. They were open when the gauge was 
tested. At a quarter past twelve I said I should go and have 
a bit of food, ready for the trial. At ten minutes to one I 
went on deck to see if a party of men to be sent by the Fire 
Queen were coming on board. Seeing there was no likelihood 
of their coming, { went down to the chief engineer, Mr. 
Slade, and told him I should have to take his hands for 
the mile. He told me to go to Mr. Thomas, senior engineer, 
and to tell him to send them down at once. I went on deck 
again still one o’clock, and sent the men below to relieve 
watch. I went down myself about four minutes afterwards, 
and met Mr. Harding at the entrance to the after stokehole 
door ; and I believe I told him the anchor wasup. I com- 
menced at the after stokehole, and went forward to the 
foremost stokehole to see that every man was at his post. 
They were all in their proper places, doing their duty to my 
satisfaction. The engine was making about 40 revolutions, 
I should think. I went up the engine-room ladder on to the 
platform, and there I met Mr. S 
the stokehole. He said, “1 hope you will do something 
to-day.” I said, ‘‘I believe we 1, sir.” I left him on the 
ladder, and shortly aftewards the explosion took place. 
There was a pressure gauge on each of the boilers, so that 
there were seven others at work, besides the auxiliary. 

all the boilers were in connexion the other seven gauges 
would have shown the pressure in the boiler that burst. 
There might be a little difference. I observed the seven, and 
they were all working rightly. The gauge that was broken 
worked as well as any of them on Wednesday. When Mr. 
Harding gave the order to let the broken gauge remain as it 
was I thought he was relying on the other seven that were 
working. The gauges were from 9 ft. to 10 ft. from the 
ground. There was te x at the pressure gauge, and a light 
at the water gauge. did not take that notice to see 
whether the hands were on the right side or the wrong side 
of the zero stop pin. Supposing it had slipped over the pin, 
all that it showed over that would have been excessive pres- 
sure. At the time the other dials showed a pressure of 
26 Ib. to the square inch. They all tallied within a shade. 
This was about an hour and a half before the explosion. 
At four minutes past one I went down to see the gauges. 
The pressure then indicated was 321b. That was the last 
time I saw them. This was about six or seven minutes before 
the explosion. 

The Coroner: That would have been no excessive pressure 
on the boiler which exploded ? 

Witness: No. The engines were then making about 40 re- 
volutions. 

In reply to Mr. Jenkins, a relative of one of the de- 
ceased, the witness said, after it was found, at a quarter- 
past eleven, that the was out of order, no other pre- 
caution than that which described was taken with regard 
to the boiler which exploded. They thought all was right. 

Mr. Jenkins: In o words, you chaps were working in 


‘ect ignorance. 
Potbe elmore cdded : The emcksbox doors mi; weg Arm 


ie, who was on his way to 
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The best men were selected to go to work at one o'clock in 
order to force the fires. They kept up the best fires to 
generate steam. 

The Coroner: We will take it that everything that could 
be done to get steam was done. 

The witness said they did not on this occasion do all that 
was sometimes done. 

In reply to the jury the witness said anybody could have 
seen this stop valve and the steam gauge who chose. 
body could have gone to the stop valve and opened it 

‘ut interruption. Had he known that the stop valve 
| been closed, he should, in case of emergency, have flown 
} = and opened it, and then have reported what he had 

e. 


Mr. Jenkins contended that nobody could have touched 
the valve without permission. 

The witness added that he did not know that anybody was 
aware that the stop valve was shut. He did not believe 
any person would have been such an unfeeling being as to 

ve done so. He believed that everything in the engineer- 
ing department on board the ship was done fairly and 


As 
wi 
had 












justly to allon board. He had not heard any of his mess- 
mates express a contrary opinion. In reply to Mr. Adams, 
a representative of another of the deceased, the witness said 
he was out with the Thunderer steaming on the Monday. 
The contractors generally gave a trifle to the men to get a 
drop of beer after they had done their work. It was their 
duty to do their best. Mr. Robert Humphrys was in the 
engine-room just before the explosion, and the next time 
witness saw him was when he was on deck having some 
injuries he had sustained dressed by the doctor. Captain 
Wilson, Mr. Humphrys, and Mr. ing must have been 
close by at the time of the explesion. 

By the Assessor: He had never known another case in 
which the hand of the pressure gauge had travelled beyond 
the range until it had struck a the zero pin. Not 
by steam, but he had under hydraulic pressure. He had 
no suspicion that the hand was on the side. It was 
not his duty to test the safety valves. He did not see any 
one test them on the morning of the 14th. He saw them 
lifted about half-past ten, but he could not say whether 
those on the exploded boiler were lifted. It was not his duty 







































no part of his duty. did not carry s ressure 
uges with them at such times as that. Ro us andl 
have closed the stop valve unnoticed, as he must have come 
into the stokehole to do so. Witness, correcti i ° 
afterwards said that it was possible for a m to have 
done so. The of the stop valves would not burst the 


By Mr eo a eal Se net, ied Mat any ene 

would have closed the ves. (Mr. Hill read a para- 

2S a ty in which it was stated 
the utmost results to be got out of the 

when tried at the mile, so that it was not a matter in w 

the were only in ] 

Mr. Thesiger said he not purpose cross-examining this 

witness. 


Mr. Gayne, one of the should hear 
other Pr sor before cs lpi Rope ma witnesses, as it 


con! 
y ht it would be an advantage to hear Mr. 
Bramwell, who would lay the jury the results of the 
investigation on board the 3 otherwise they 
would not know what questions were relevant. 

iger said he had Mr, Robert Hum . Mr. 
i ut so 


Mr. Hill 


be thoroughly 


Frederick Joseph Bramwell was called and examined by 
Mr. Staveley he was an engineer, carrying on 
business in , . He was a 

i a member of the 
uncil of the Institution of Civil En, an associate of 


He had had between forty and 
fifty years’ experience in his profession. He had received a 
letter from Mr. Vernon Lushington, the Permanent Secre- 
tary of the Admiralty, dated the 21st of July, 1876, respeot- 
ing that inquiry. 
d ihe letter was read by Mr. Hill. It contained the follow- 
mt ft a. to my Lords probable that complicated 
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and give evidence at the inquest. My 
Lords will be glad if you will undertake this duty, and will 
hold yourself in readiness to attend when the coroner or the 
Admiralty solicitor shall give you notice.” 

In accordance with that request, he attended the inquest 
on the 27th of July, and he had been present at the inquest 
that week. During the adjournment between those dates he 
had, with Mr. Fletcher, the Assessor, and others, made an 
examination of the boilers of the Thunderer and the scene of 
the accident, and had made investigations into the causes of 
the explosion. The Thunderer is a twin screw, double-turret, 
armour-plated vessel. Commencing the description of the 
machinery from the engine-room, which is aft of all the 
boilers, there are in that room two pairs of engi The 
forward engines work the port screw, and the alter engines 
work the starboard screw. Thus there were four steam 
cylinders in all in the main engines. ach cylinder was 
77 in. in the bore, and is long enough for a stroke of 3 ft. 6 in. 
The gross indicated horse power by the four cylinders when 
working up to their full power would be between 6000 and 
7000 horses. The engines are supplied with steam from 
eight boilers. [He illustrated their positions on Paces bre 
Four of them are in the after stokehole, which is i iately 
forward of the engine-room, and only separated therefrom 
by a water-ti ht b which is provided with two water- 
tight sliding and four of them are in the forward stoke- 
hole, which is similarly separated from the after stokehole. 
The four boilers in the after stokehole are all similar, 
having four furnaces in each boiler. In the forward stoke- 
hole the two after boilers have each of them only three fur- 
naces, the two forward boilers having each of them five 
furnaces, so that there were thirty-two furnaces in all, six- 
teen of which were in the after stokehole. Besides these 
eight main boilers, there isin the forward stokehole and on 
the starboard side an auxiliary boiler. Over the centre 
of each stokehole there is a funnel or chimney, which in the 
after stokehole receives the smoke and heated from the 
four main boilers, while in the forward stokehole the chimney 
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io sesh the vale would be held down not only by its screw, 
but by the presence of steam [in {the and in that way 
it was possible to exclude any number of boilers that —_ 
be required from working the engines on any occasion w 
the engines are working at less than full power. Arran 
ments are made by which the steam can at will be ca to 
pega Be in part one the —— or - ae 
irect to the engines without going superhea 
of the su: wy A 


On the forward side oy em are two outlet 
superhea: 


pipe there is a throttle pipe. When these throttle valves and all 
he five stop valves were and the inlet and outlet valves 
of the superheaters were open, then the steam from the 
four boilers was compelled to ;follow a course which he in- 
dicated, escaping through the outlet valve. : 

At the request of Mr. Gayne, Mr. Bramwell explained 
what he meant by superheating. The object was to increase 
the elastic force of the steam. 

The steam would then pass through the engine-room bulk- 
head to the port stop valve in the engine-room, ,which was 
the valve to control the whole of the steam from the after 
stokehole. If it be not desired to superheat any of the steam, 
then the two throttle valves were opened and the super- 
heated valyes were shut. The steam then followed the course 
which he traced, entering the main steam pipe as before, 
but without being — By regulating the amount 
of the opening of the throttle valves and the superheater 
valves the portion of steam passing through the super- 
heaters could be adjusted. Thermometers were provided to 
show whether the steam was being too highly heated. The 
arrangement in the fore stokehole was practically the same 
as in thé after one. When the engine-room stop valves were 
open. the steam from the after stokehole and that from the 
forward stokehole are put in communication by a cross pipe. 
When, therefore, the main stop valves on all the eight 
boilers were open, and the two engine-room stop valves were 
open, all the steam in all the eight boilers was in common 
communication. For all practical purposes the same pres- 
sure would prevail throughout, and any steam gauge in 
any boiler would show the pressure in any other boiler, 
and any safety valve in any boiler would let out steam 
which Kad been generated either in its own boiler or 
elsewhere. When, however, one of the ine-room stop 
valves is shut then the boilers in one stokehole, if their 
stop valves are open, are in common, but they had no 
connexion with the boilers in the other stokehole. Tracin 
the course of the steam towards the engines, near eac 
engine-room door there was a separator, the object of which 
was to clear any water which might come over with the 
steam, and from there proceeded a pipe to the after engines 
which worked the starboard screw and a pipe to the forward 
engines which worked the screw. But the opening of these 
engine-room stop valves did not of itself admit steam to the 
engines. Each cylinder had got its own stop valve, and 
after that there were the expansion and slide valves of the 
engines themselves. 

sked to explain the construction of the boilers, witness 
inted out a model and some drawings which would make 

i pe me intelligible to the jury. The former repre- 
sented the exploded boiler, with a non-exploded boiler facing 
it. They were nearly rectangular boxes, about 16 ft. long 
by 18 ft. high, and 10 ft. 6 in. wide athwartship at the leve 
of the furnaces. Each boiler contains four furnaces. Taking 
off the side from the boiler in the model, witness showed the 
furnace. It was a box 4 ft. high by 2 ft. 3 in. wide, and 
7 ft. long. There were two combustion chambers or flame 
boxes at the back. Two furnaces united into one combustion 
chamber, and the other two into another combustion chamber. 
The fire being made on the bars, which were about half way 
up the firebox, the flames and gases went into the combus- 
tion {[chamber, and then returned to the front of the boiler 
through the tubes, which ran from tne busti hamb 
to the smokebox. In the exploded boiler there were 306 tubes. 
From the uptake suitable conduits rise to the base of the 
chimney where is the ~~ and thus convey from the 
boilers in the stokehole the products of combustion into the 
one chimney. To enable the boilers to sustain the requisite 
pressure they were strengthened by three rows of stays, five 
stays in a row, and the side of the boiler could not be blown 
out without tearing out the rivets and the sta Also for 
holding in the side plates and to hold in the side of the 
fireplates there were four rows of horizontal stays, eight stays 
in a row, to each firebox side. He might say that there 
were similar stays to stay the top and botvom of the boilers 
together, and similar stays to stay the back and front. Then 
the front plate of the uptake was stayed to the front plate of 
the boiler by screw stays, the stays themselves being found 
sticking in the exploded plate. These stays were 1j in. over 


the ne 

itness next described what a screw stay was; this he 
said was used to stay plates when at no great distance apart. 
It was not necessary in screw stays to have nuts on both ends. 
In locomotive boilers the ends were secured by stays, and 
as a rule they had heads at one end, and were only rivetted 
over at the . Such boilers ordinarily worked at a pressure 
of 140 Ib. to the square inch. Nuts made the stays s > 
but there were objections to using them in many situations 
on account of the heat burning away. But there was 
no such objection to using them in the uptake 








of the Thun- | of the 





oded one, had a pair of safety valves contained in one box. | i 


valves were 5] in. in diameter in the bore, the underside 
was provided with three radiating wings or feathers by means 
of which it was guided in its seat. It was furni with a 
long central spindle, over which was threaded the weights 
which loaded the valves, a portion being left vacant to work 
through the gun-metal cap at the top of the valve box cover 
which fo the = —_ of the valve. Each valve with its 
weights weighed 808% lb., which gave 29} 1b. on the square 
inch. The two three-fire boilers had two 54 in. valves to each 
boiler, while the two five-fire boilers had each of them three 
54 in. valves. In those six instances, including the exploded 
boiler, one valve in each box was hand-workable by means of 
ascrew from below—hand-workable to this extent, that it 
could be raised so as to relieve the pressure of steam in the 
boiler ; but to that extent only, there being no provision b 
which the pressure could be increased. It was hand-workable 
for relief, but not for aggravation of pressure. The other 
valve in each of the six boilers wasnot hand-workable in an 
sense. In the two five-fire boilers all three valves were hand- 
workable for relief. There was only one screw, as in the 
others. This screw first raised the valve immediately above 
it, and on continuing the action lifted the other two. [The 
provision for taking the steam from the safety valve boxes 
in the after stokehole was explained from the drawin 
The safety valve box was not bolted on the top of the boiler but 
on the front of it, and as the water level in the boiler would 
make it possible for water to get into the valve, a sort of 

ket was rivetted on the inside of the front plate of the 
Poiler, the top of which was near the top of the boiler, so as 
to take steam down into the safety valve without risk of 
taking water with it. There was also a pipe taking exhaust 
steam from non-condensing auxiliary engines in the engine- 
room to the cast-iron receptacle for the safety valve steam, 
and thus the exhaust steam went up the same vertical pipe 
as the safety valve steam. When, therefore, steam was seen 
issuing from the top of the funnel it might be exhaust steam 
from an auxiliary engine or blow-off steam from the safety 
valves, the only means of distinguishing being quantity and 
the kind of noise. Under ordinary circumstances he did not 
believe such means would be sufficient to enable an observer 
to distinguish between the safety valve steam and auxiliary 
engine steam. The other outlets for steam from each boiler, 
in addition to the safety valves, were for each boiler a main 
stop valve (10} in.) and a 6 in., which regulated or made con- 
nexion with the boiler and the auxiliary main. By means of 
these 6 in. auxiliary valves any one of the main boilers could 
be caused to supply the auxiliary engines with steam, or being 
all closed, those engines could be supplied with steam from 
the special auxiliary boiler in the forward stokehole. Thus, 
on each of the main boilers there were only three outlets for 
steam—main stop valves, auxiliary stop valve, and safety 
valves. Besides these each boiler had a feed cock with non- 
return valve from the main ine, a feed cock with non- 
return valve from the donkey, a bottom door, a surface blow- 
off or scum cock, a water gauge to show the level of the 
water, a pair of gauges or cocks to show the level of the 
water, a steam pressure gauge, and a small draw-off cock. 


Exsvertsa Day—Tuurspay, Ava. 24, 


The examination of Mr. Bramwell was continued by Mr. 
Staveley Hill. Witness described the scene presented below 
when he proceeded to make his examination of the engine- 
rooms po stokeholes on the 27th of July. When he first 
saw the after stokehole of the Thunderer on the 27th of July, 
the appearance presented, so far as regards the principal 
matters consequent ky the explosion, was as follows: The 
starboard forward boiler of that stokehole had exploded by 
the blowing away of nearly the whole of the top front plate, 
a plate about 15 ft. and a few inches long, the length of the 
boiler, and about 4ft. 3in. deep. With the exception of a 
small portion of the forward and lower side of that plate, 
which remained attached to the boiler (which plate, no 
doubt, was enabled to remain there because it was the last 
part which would otherwise have come away, and because it 
received support from a T-bar that had extended from it to 
the opposite boiler), the whole plate had come away and had 
broken into two pieces in so doing. One of them, however, 
Belang © wunp eosell gieen, had come from the forward upper 
corner beyond the manhole. The main portion lay in front 
of the boiler, with its outer side uppermost, and with that 
which had been the top side next to the boiler. The front 
plate of the uptake and the continuation of that plate— 
namely, the front part of the roof of the smokebox—were 
not torn away from the boiler but remained attached to it 
although violently distorted, the front plate of the uptake 
being im truth distorted so as to make that which was a 
plane surface a hollow so deep as to be practically close to 
the back plate of the uptake. The top row of the back to 
front stays, which had been attached to T-iron rivetted in 
the inside of the front plate of the boiler, had in every 
instance become separated by tearing through the solid 
metal of the T-bar, the pieces of metal remaining in the jars 
of the stays. None of these stays and none of their pins were 
broken. The short sta: which had been riveted palms 
to the roof of the smokebox and been secured to the front 
plate by nuts inside and out, remained bent but unbroken in 
their with the nutson; and the front had escaped 
from its hold by the nuts drawing through the plate itself. 
The screwed stays which secured the front plate of the boiler 
to the front plate of the uptake remained in the front plate of 
a we pene nd ee 

mptake. The top plate of the boiler was slightly bent 
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those plates. The top piece had fallen down, and was sup- 

on the ruins in an inclined position. The next stan- 
chion forward was very considerably bent away from the ex- 
ploded boiler, while the foremost stanchion of the three had 
received a severe blow on the exploded boiler side at about 
12 ft. above the stokehole floor—just such a blow as might 
have been inflicted by the edge of the smokebox door, while 
the indentation on the door was just such a one as would have 
been made by a circular body of the diameter of the stanchion. 
There had been two similar T-bars as the one already men- 
tioned, one about the middle of the boiler and one near the 
afterend. These T-bars had supported the grated platforms 
on which the men stood to trim lamps and matters of that 
kind, and they had also supported a suspended rail along 
which the coal boxes ran to bring the coals from the 
bunker doors to any particular boiler. The aftermost of these 
T-bars was very much bent, but the middle one, in trying to 
resist the front plate of the boiler coming outward ins of 
bending under the pressure, punched a hole through the plate, 
and was found with the plate threaded over it to the extent 
of 3 ft. 3 in. The opposite end of the T-bars had indented the 
front | of the unexploded boiler opposite. The safety-valve 
I the exploded boiler was lying on the stokehole floor with 
ite front side uppermost, and that which had been its top side 
towards its own boiler, fore and aft of the ship; it was very 
nearly in the position in which it had cuiginaliy been, and it 
was about midway between its own boiler and the central 
line of the ship. The flanges which attached it to the boiler 
were broken, and the copper outlet pipe by which the waste 
steam from it should be delivered into the central receptacle 
was torn through, a small portion remaining attached to the 
box. The safety valve box of the opposite boiler remained 
in its place, but the upper of the casing was smashed 
from top to bottom, disclosing the two piles of leaden weights. 
Pieces of the cast-iron were embedded in the lead, and one 
pile of weights had received a deep curved indentation, and 
also an upward blow. The curved indentation exactly tallied 
with the curvature of the end of the cover and of the 
valve box of the exploded boiler. This was so far as he 
thought it necessary to explain the position of affairs after 
the explosion. He was, however, reminded by Mr. Hill that 
an examination showed that the auxiliary and the main stop 
valve were closed. He was enabled to see the main stop valve 
from the inside of the boiler because the inside collecting pipe 
had dropped away from its place from the explosion. 

After making the remark that what he hitherto stated 
were: facts which could not be disputed, and that what he 
now pro} to submit were only his own opinions, Mr. 
Bramwell proceeded to state his conclusions as to the order and 
nature of the —— which he had drawn from his in- 
vestigations. He believed that when the pressure became 
more than the boiler could bear the first thing which gave 
— was the connexion between the front plate of the uptake 
and the screwed stays securing it to the front plate of the 
ae. Rap 2 hyn A ar these had given way, the 

t plate o: iler was left com ively unsupported, 
and that part of the plate then bellied out, being held. by ite 
margin by the seam of rivets, but not being held by the stays 
w had yielded. It had ripped h the vertical seam 
of rivets at the after end of the plate and the horizontal seam 
of rivets at the bottom of that plate, thereby liberating the 
after corner. The tearing of the bottom seam then continued, 
causing the front plate to assume for a moment a horizontal 
position, as though it had been hinged by the top seam of 
rivets, which immediately afterwards gave way. ‘he plate 
then came edgeways in its flight across the stokehole, and 
struck the after-stanchion and broke it. This restored the 
plate to a nearly vertical position, and then it wrapped round 
the next stanchion, bending that stanchion and rebounding 
backwards to the position in which it lay in the stokehole, 
retaining] the curvature it had received from striking the 
stanchion. The safety valve box of the exploded boiler, 
weighing about a ton, by its momentum tore away from its 
front plate when that plate was stopped by the after-stanchion. 
Continuing its flight, it struck the valve box of the opposite 
boiler, breaking the casing and making the indentations and 
upward bendings of the leaden weights of that box which he 
had described. The valve box of the exploded boiler itself 
had the gun-metal cap sheered off and bent at the end, which, 
he believed, inflicted the blow, and there was also a bolt 
broken at the end. The valve box of the exploded boiler then 
rebounded and fell into the place where it was found. He 
had omitted to state one thing which appeared to him corro- 
borative of the idea that the first force of the explosion had 
been directed downward—that was that the thin plates oppo- 
site that corner were bent downwards as they would have 
been by the wees ak Se tates ot aan on wate fired out 
upon them. concluded his observations as to the order 
and nature of the explosion. He next proceeded to describe 
the condition of the valves as shown at the scientific examina- 
tion. 

The greatest care was taken in examining the safety valve 
box of the exploded boiler as it lay in place, so that nothing 
might be disturbed by the examination itself. In the first 
place, the remains of the waste steam pipe were carefully cut 
away to enable them to see into the box through the opening. 
This enabled the non-hand liftable valve to be seen. It was 


found to be slightly oa 
could be inserted in opening. The 
Gp ealne wan dienmns’ to be Ieoben 

the valve, and the leaden weights were seen 
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from the valve towards what had been the uw; t ]one direction and 18 tons in the other, and thus all the | stick in its seat and refuse to lift by the presnare of steam 
Of the casing when in ition. A light was Bag od Tato samples had exceeded those requirements. He might say | which t to raise it. applied safety valves 
the box, which enabled him to see hand-liftable valve, | that the appearance presented by the front and uptake | of the ordinary construction. The y valve of one of the 
which appeared quite shut. Its spindle was broken in a | plates of the exploded boiler showed that they were of boil of the three-fire boilers » When ex- 
similar manner to that of the valve, the spindie | quality, as a or brittle plate would not have bent as amined by Mr, Harris, to have when @ less clearance 











































plates had done. The Admiralty then constructed a stayed 
chamber containing a manhole, with the object of ascertain- 
ing by hydraulic proof carried to the point of explosion what 
would be the strain which, approximately, such a stayed 
surface as that of the ke would give way, and also whe- 
ther the manhole m a source of weakness. It was 
not possible to m nless at very great delay and ex- 
‘ should really represent the condi- 
i ed boiler. The result by the 
not therefore be looked upon as 


itself protruding through the hole in the cover several 
inches, and being bent. One inch of the spindle had also 
been broken off. The gun-metal cap which ordinarily covered 
and guided the spindle was also knocked off. They then 
took off a small cover below the non-hand-liftable valve. 
This enabled the stalk underneath to be touched, and it was 
found that the valve could be readily turned round in its 
seat.) Then the cover below the hand-liftable valve was taken 
up—the valve that was shut—when that valve was also 
found capable of being turned easily in its seat. Both saf 
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‘ of} Q 
valves were found to be perfectly free. They then took off | establishingeiwe babs ute accuracy, the pressure at which 
the gun-metal cap above the spindle of the non-hand-liftable | that boiler would Dittst. ' in Bm og the sample 
valve. On removing this there was not found the slightest | chamber was unfavourable a¥ compared with the boiler rather 
trace of anything having been introduced to prevent the | than favoursble, » Brom the experiments made he thought it 
rising of the valve. They next took off the main cover of | would be jo assume that the exploded boiler would not 
the valve. This disclosed the piles of lead weights and again | have yield cold water p at less than 100 lb. to the 
showed that there was nothing introduced between the cover | square When it yi if would have done so by the 
of the box to prevent a lift of about 2 in., or } in. more than | drawin; front pists of the uptake from the rivetted 
was required to give an area equal to that of the circular | scre yay y ) had been strengthened, 
opening of the valve. The lead weights po ds od : the next point which would have given way would have been 
and marked for identification. Then the valve box andall| the tearing through of the T bars at a pressure of 135 lb., 


the rivetted seams would have borne as much as 


belonging to it were carried into the upper deck into the 
This related to pressure with cold water. He be- 


while 
daylight. An inspection there showed that 175 lb. 


quite free in their seats in every and it showed | lieved in res} of the ke plates some reduction 
by the brightness below the eof the hand-liftable valve. | from the rw 100 lb. must be made on account of the 
and on the top of the screw for raising that valve, that the | heat when the is under steam. He was not prepared 
screw and the spindle had been in rub as they | to say what the reduction should be; but, whatever it was, 


he had no doubt it would leave as the strength of the boiler 
to withstand steam pressure something nearly approaching 
1001b. At all events, something very largely in excess of 
the 30 Ib. at which the boiler was intended to be worked. He 
Pradesh believed that the boiler exploded, not because it was 
incompetent to bear the full working pressure for which it 
was intended, but because tharo was Tango excess of pres- 
Seer oe 
y scre in the uptake 

had been nutted, alth hk ik Geel Nave tnieesasel the 
of the boiler at 

vented the explosion, but 
chief. He wished to explain why he that statement. 
The exploded boiler, when full ‘was competent to de- 
was very slight indeed, rive from its contents between 6000 to 7000 units of heat in 
ce to it. There are marks in the valve box|agiven time. That is to say, to heat 6000 or 7000 pounds of 


any importan 
which showed that the lead w ights had been in contact with | water in one second of time. That represented an energy 
which would raise 2000 tons one foot high, and he believed 


the sides, but he had no doubt that arose from the <n ] , ; 
itself. The pressure gauge of the exploded boiler, which he | they would find, speaking roughly, that in five seconds it 
would represent an energy equal to that which is evolved 


held in his hand, was one of the Bourdon construction, and t v 
he had a similar gauge from one of the other boilers which | when a 85-ton gun of the Thunderer itself is fired off. The 
longer interval that elapsed, therefore, between the fires of 


had been cut open to show its construction. After having t ‘ ¢ 
explained the construction of the gauge, witness stated, when | the exploded boiler were actively generating steam and the 
time at which the ex actually occurred, the greater 


there is no pressure the hand is at zero, resting against the I ‘ 
would be the yered into the ship at the time of 
the explosion. ae fact, looking upon the exploded boiler as 


would have been in the act of being em; for 
valve by hand. The lower of tbe peindle 

raising the valve had been broken off, but the screwed upper 
part was in its place. It was down as it should have 
when the valve was on its seat; but it could be 

turned by hand. Although both valves could be 

turned in their seats, the guiding wi 

been so battered by the explosion that it was i 
say what was their condition before the explosion. That is 
to say, he could not undertake 
to state whether or not, prior to 
requisite amount of freedom. There 
mark in one of the seats whi 
tight a ao he could not uni 
arisen. 


zero pin. The boiler being intended to work at 30 lb., the 
a shell with a. ing charge in it, it had better explode 


marking of the gauge goes to 35 lb.; but if the pressure had 
to increase to 44 Ib., the hand on, but reaches the zero b 
pin at the other side of it. Any one looking at the gauge in | when that charge small than when it was larger. He 
wished, how No say that, although in his judgment the 
improvement of stay at the uptake would have had no 
effect upon c except one of aggravation, never- 
theless, these boilers would be better stayed at that part, as 
undoubtedly that —_ was the weak part of the boiler. 
Beside his opinion: the boiler could not have exploded 
except by a largely in excess of the working pres- 
sure, there was proof that that large excess of pressure must 
have existed in the boiler. After describing the construction 
of the boiler and the smokeboxes, and the various tests which 
had been applied to the plates and stays (portions of which 
he exhibitel), the witness proceeded to prove that the bulgings 
on the well-stayed surfaces could only have been produced 
by excessive pressure, The behaviour of the steam gauge, 
as stated by Wells, the stoker, although not a proof, is abso- 
lutely consistent with the wayin which the gauge would 
have behaved in case there existed in the boiler at the 
time the hand was touched a pressure of between 56 lb. or 
anything in excess of that pressure. The pressure gauge of 
the boiler had lost the tooth sector altogether when 
he fret saw it; the marks of the fracture were quite bright 
and the metal appeared to be sound. It was difficult to 
believe that such a fracture could have occurred in the ordi- 
working of the gauge. It must have been-due to the 
explosion, and if the sector was in the gauge in a sound con- 
dition when it was seen by Wells, no explanation occurred to 
his mind of the behaviour of the gauge, except the fact of 
there having been a heavy pressure within the boiler com- 
t to draw the sector out of gear. How much more it 
might be he did not know. The marks on the safety valve 
were consistent with its having been shut when the blow was 
struck which made the marks, But the lifting of a safety 
valve is so small in practice that he could not say these 
marks afforded absolute evidence that the valves were quite 
closed, but they were consistent with it, and he believed that 
the bulging to which he called attention did afford most 
unmistakable evidence that prior to the explosion the boiler 
was subjected to a heavy external pressure, to which it 
could not have been subjected had the safety valves been 


that position, unless he looked at it so much as to see on 
which side the hand was, would say that it was at zero, 
whereas it would really indicate 44 lb. pressure at least. But 
the pressure might have been anything over 44 lb. as the 
hand could not move further in consequence of the pin. If, 
however, the hand could be touched and were just touched so as 
to hand it over the pin it might show 10 lb., whereas it would 
be 541b. In the gauge which witness tried an actual pres- 
sure of 62 lb. was reached, or about 18 lb. beyond that which 
would bring it to the wrong side of the zero pin. It would 
be iaapensiiiie for the hand to get on the side of the 
pin unless there was any steam in the gauge. Assuming 
that there had been in the exploded boiler a pressure of 62 Ib., 
or anything above it, the gauge would present zero, but with 
the hand on the wrong side of the pin, On bresking the 
glass and touching the hand, and unobservedly getting it 
over the pin, the hand would then go to about lb., and 
would then be put out of gear, so that it might go anywhere. 
There was no indication that there had ever been any short- 
= of ane or oy ah v4 bey # in the hl One of the 
stokers and himself ound the top part o' water gauge 
into which the glass goes. The plug had been broken short 
off in the cock, and showed that t was a clear passage, as 
there should have been. The bottom cock was also brought 
to him, and that was also open, but it was not broken and 
could be worked; was no reason to suppose that it 
was not open at the time of the explosion. They then proved 
each of the seven remaining boilers with cold water pressure 
from 60 Ib. to 65 lb. to the square inch, and the Assessor 
caused observations to be taken on the front plate and on the 
uptake plate of the seven boilers to ascertain whether in 
these plates the part which corresponded with those which 

given way in the exploded boiler there was any distress 
under the pressure. He saw all the tests but three, and 
those were witnessed on his behalf by his assistant, Mr. 


pressure removed, there being no permanent set. The 
maximum deflexion of the uptake plates was 3-16ths, which 
disappeared, except in two instances,on the removal of the 

ure. In one case there was a set of a 16th and in 
another of 1-32nd permanently. They then cut a piece out 
of the uptake plate and out of the front plate, from which 
they prepared strips at right angles the one to the 
that they might try the strength with the grain 
grain. These strips were torn asunder at 
proving machine; the uptake plates bore 
of Sth, tone An ene:digsation and 20} 
uare inch in the other. The strips 

plates bore 22¥, i 
1 tons in the other. He was told by Mr. 
Wright that the Admiralty requirements are 2! tons in the 


o 
PThe Foreman here asked whether it was possible for the 
worm of the screw of the bolts uniting the front plates of 
the uptake to be drawn without being destroyed. He re- 
lied that it was possible that this could be done without 
estroying either the thread of the bolt or that of the 
late. [The results of experiments were shown in proof.] 
e believed that the excessive ure arose from both 
safety valves being stuck down in their seats, the stop 
valves at the same time being closed. There was the 
strongest proof that a safety valve which will rise and fall 
when cold, and which, when once being heated and having 
risen and fallen will re-rise and re-fall in obedience to the 
pressure of the steam, will on first being heated from cold 





sc gous it would not have pre- | had 
have aggravated the mis- 


than some of the other safety valves, It was kept in this 
condition till the following day, and seeing that it had less 
t) others, wi tried an experiment with it, 
which was one, however, not consistent with condition of 
things } could ever arise in i He had it heated 
in a pail of very hot water, and 


i tried to put it back in 
its seat, which was cold, 9 di which was sufficient 
to make it stick quite fast, but on trying it in water less hot 
it would godown. Then Mr, Harris or Mr, H 


or both of them, suggested that the safety valve box s 

be put upon the steam chest of one of the boilers in the 
dockyard This was done. When the of 20 Ib. was 
reached steam to come from waste pipe and 
issued freely at 291b. The hed made thaten bir the 
above the spindles of the valves, which enabled, them to 
whether the steam came from one valve or from two. They 
found that it came only from one. They took off the ca 
of the valve from wi it came, put a block in 
screwed that valve fast down. The other valve did not 
lift at 291b. or 30 lb., and they got the steam up as far as 


47 Ib., and thea the valve went off with a roar forcing up 
steam and water, They then let the steam down to 20 Ib., 
the valve closed. They got it up again at 291b., and at 

which just previously had required 


291b. that very valve, req 
40 Ib. to lift it, began to shown of steam. At 30} lb. it 
delivered freely but slowly, at 31} Ib. it delivered freely ; 
and having eased the pressure on boiler it continued 
freely at 291b. It then required 34]b., and it then got to 
321b., when they determined to stop the pay va and 
allow everything to get thoroughly cold. e should say 
that at this time there had been a put across the safety 
valve, and it was thought that that ht have strained it. 
But to Bee any question of that ki c was 
taken off, the valve was taken out, and Mr. Newman, of the 
dockyard, said he had centred it in a lathe, and that it was 
perfectly true and had been wi tly clean. On this 
occasion it did not blow off until 52 lb.on the square inch 
I been reached, or 22 Ib. in excess of that at which 
it was designed to lift. He did not know whether it 
would have blown off at 52 1b. had it not been that the 
safety valve belonging to the boiler which had not been 
screwed down far enough blew off with a tremulous 
motion. They then removed this valve box from the steam 
chest and so it with steam from a pipe regulated 
with a cock. y got it up to 601b. without the valve 
going off, and not choosing to carry that pressure higher 

ey did not succeed in drawing it at all. They let the 
pressure down, fixed the pressure gauge upon valve 
itself, turned it on again, and 60 1b. was again reached with- 
out lifting the valve. They then took off that 
the cap, turned on the pressure, when 47 Ib. did not lift the 
valve. But they were able to shake the spindle, which t 
did, and the valve rose. This valve was not the hand-liftab 
valve of the two, but it had been ly lifted in these 
trials when cold, and lifted by steam after it had once lifted, 
and yet on first heating it from cold it stuck in 
described. Ho had never met with such a circumstance as 
that in his many years’ experience; he had never read of 
such a circumstance, and he had never heard of such a 
circumstance. Experiments were made with 
the safety valves, at which he was 
the kind again occurred. At one tri 
— it was reported to him that a similar circumstance 
id occur. In that particular case, however, he understood 
jeg Den om doubt as be whether m ng em in ane seat 
‘or W it was originally designed; but w is were 
so or not, he ——e it would be found to be the case that a 
valye which would rise and fall when cold would rise and 
fall when hot, after it had once done so, but would not rise 
when first heated when cold. This was reported to him as 
having been one of the foe valves of a five-fire boiler, all 
of which valves were liftable by hand. He could, therefore, 
only suppose, unlikely as undoubtedly it appears, that 
both the safety valves of the loded boiler on being 
first heated as they were from cold water in the boilers on 
the morning of the 14th of July remained stuck down in 
their seats, and the stop valves being shut, there was accu- 
mulated that heavy ure which the bulging of the sides 
of the smokebox and of other pe of the exploded boiler 
proves must have prevailed there—an excessive pressure 
also consistent with the behaviour of the ure ga 
and with the marks of the spindle of the y valve. ‘On 
the 4th inst. they got up steam in a fellow boiler to the one 
which had exploded, having eased the weights on the safety 
valves, the whole of the steam being delivered through the 
safety valves at a pressure of 191b. Mr. Oliver, Inspector 
of pepe Rory went on deck and reported that there 
was a very large delivery of steam, accom by a heavy 
roaring noise. He told witness that on the day of the ex- 
losion there was no such volume of steam and no such noise. 
hese various circumstances all pointed conclusively to the 
fact that at the time of; the explosion both valves were stuck 
down. When the fires are in active operation—not the most 
active even—the pressure in such a boiler as that of the 
Thunderer, containing about 16 tons 16 ewts. of water, and 
500 cubic feet of steam space in round numbers, would in- 
crease at between 41b. and 51b. per minute with a 12 lb. 
pressure, 8 lb. a minute at a 301b. pressure, 9 1b, at a 40 Ib, 
pressure, and 11} Ib. at a 60 Ib, ure. On the 4th inst., 
when they got up steam without any steam blast, the pres- 
sure increased from 41b. to 12 1b. in two minutes; two anda 
— minutes with fires in acti 

t to move the pressure 6 from 80 lb., a0 

the wrong side of 
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to give a sudden order to stop the engines without 

g the safety of the boilers, for when the engines are stopped 
the sole outlet of the — 2 maveah oe ae ee oa 
eteam pipes being as effectually y 0! 
engi Lp the exit of steam as they woale be by the 
closing of the stop valves in the boilers themselves. It is 
true that in practice the rapid generation of steam is not 
kept up when the engines stop. To do so would be to cause 
@ useless waste and anno: from the roar of the steam, 
therefore the smokebox doors are opened when the engines 
are stopped. The ashpit dampers are shut and the 
are opened, and in these ways the fires are checked. But, 
although this is the practice, all boilers and safety valves 
should be designed so that with everything shut but the 
safety valves, maximum amount of steam may be gene- 
rated. without danger. The ignorance of those in charge that 
the stop valve was closed was on this occasion more disas- 
trous than the fact that it was closed ; because acting on the 
belief that it was open they, irrespective of the condition of 
the pressure gauge, which was out of order, go on generat- 
ing steam with the belief that the engines were using it and 
that there were seven other gauges in the stokeholes, and 
one or more in the engine-room, to tell them what the pres- 
sure in this particular boiler was, aoe the pressure in all 
the other bollers as they would think, and that the pressure in 
this boiler and in all the others could never become dangerous 
because there were not less than eighteen safety valves 
coupled up into one system, as was supposed. Persons in 
one of boilers such as those of the Thunderer, and in other 
vessels of the class, are very unfavourably situated as regards 
knowing the action of their safety valves compared with per- 
sons in charge of land boilers, locomotives, portable engines 
and even ordinary passenger steamers. In the case of the land 
boiler, the portable engine, and the locomotive the safety valves 
are in sight, or the extremity of the waste steam pipe leading 
from them csn be seen, as it can be through the hatchway 
of an ordinary steamer. But in the case of the Thunderer 
and such ships the valves must be closed in a box in order to 
prevent the steam from spreading in the stokehole, and the 
mouth of the waste steam Pi is far away out of sight. I 
do not know whether I should make any suggestion. 

By Mr. Hill: In your judgment was the sticking of the 
safety valves on the day of the trial trip, if they did so stick, 
inconsistent with the statement that they had been lifted 
once or twice a week when cold almost immediately preced- 
ing ?—Not at all. Asa proof of this the valve tried on the 
factory boiler was not merely lifted, but taken out, put in a 
lathe, tried for |e 5 and both it and the seat were care- 
fully wiped clean, and yet it stuck, although it could be 
moved by hand when cold. 

Attention had been called to the fact that some of the 
spindles showed greater << wear than others, did that 
prove that one had been lifted more than another? Witness 
said such variation did not prove that, but it was consistent 
with such a circumstance. 

By the Coroner: He could not attempt to explain the cir- 
cumstance why one spindle was more worn than another, 
any more than he could explain why the point of one 
umbrella would wear out sooner than another.—The Coroner : 
Ah, that may be because you had worn one more than another. 
—I do not know, I do not pretend to account for such minute 
things. The variation in spindles was slight, but visible. 
Any slight difference in texture may account for it to the full 
extent of the variation. faa jury repeated the word 
“texture” amongst themselves as if they had discovered 
something new). In my hand I hold the lifting screw of 
the lifting valve of the ex loded boiler; the top of that screw 
has got distinctly euhemed upon it a central projection which 
fits into a hollow on the bottom end of the valve spindle 
where that spindle has been centred in the lathe. In my 

udgment such an appearance would not have been presented 
if there had not been rubbing contact coupled with the pres- 
sure produced by lifting the valve and sts weights. 

By Mr. Hill: The safety valves could have been con- 
structed to move in their seats more easily without at all im- 
paring their ae. 

By the Coroner: The tightness could have been produced 
by too much nicety in the workmanship. He believed that 
the whole question between a safety valve sticking and its 
not so sticking may depend upon 100th of ani in the 
radius of the valve. The valve which did stick was after- 
wards reduced under Mr. Newman’s direction ¢sth of an inch 
in the diameter, and after that alteration the valve was 


satisfactori! ; 

By Mr. Hill: Mr. Newman is first Assistant Chief Engineer 
of Portsmouth Dockyard, and one of the six en 
joined with witness in the inquiry. He thought it was most 
desirable that in the stokeholes of all such vessels as the 
Thunderer, where those in the stokehole could not know 
what the valves were doing, to have on each boiler a small 
safety valve of, say, an inch area only, held down by an un- 
alterable spring to a pressure of 2 1b. or 3 lb. in excess of that 
at which the main safety valve should blow off. The persons 
in charge of the boilers so far as this small valve was con- 
— me then be ee same favourable condition as 

ivers of locomotives er persons having charge of 
boilers. If this valve were seen to blow, it sual be an in- 
dication that the other valves were not doing their duty, and 
as this valve would very rarely blow off of its own accord 
it should be an instruction that it should be periodically just 
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lifted by hand. Every effort should also be made to place stop 
valves in positions where they can be readily seen without 
having to seek after them, and that where this cannot 
conveniently done gear for working them should be provided, 
so that might be worked from some easily accessible 
place; and indicators should be provided which should show 
by mere inspection, without requiring trial by hand, what 
was the position of each valve. The third and last remark 
he wished to make was applicable to the pressure gauges of 
all boilers. It was simply that there should be a second stop 
pin inserted at the highest pressure the gauge was intended 
to show, so that by no possibility could the indicating hand 
get to the zero pin at the wrong side. It would also be well 
if there was a greater difference between the ends of the in- 
dicating hand, for when high and not well lighted you are 
likely to confound the one end of the hand with the other. 
In conclusion Mr. Bramwell said it would be impossible 
for any set of gentlemen, either from the contractors or the 
engineers of Steam Reserve, to have done more to in- 





vestigate the causes of the explosion. 
done and every assistance had been ren 
ment. 


losion was not want of strength either in the front plate of the 
iler or in the uptake, or in the want of nuts upon the 
screwed stays in the uptake, nor the fact that the stop valves 
were closed, might he put it so to the jury as being witness’s 
opinion ? Mr. Bramwell replied in the affirmative, adding that 
the closing of the stop valves was only contributary to the acci- 
dent pro tanto, just as the lighting of the fire was; the cause 
of the explosion was the sticking of the safety valves, and the 
safety valves stuck from a too great nicety in the 
them. The bulging of certain parts of the exploded boul 
afforded wndvubled tostintay that there was an 
pressure. 


been 
en by hn 


Twetrre Day—Faripay, Ave. 25. 
Mr. Bramwell, on bei said he wished to 
a few omissions in his evidence of the previous day. 
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the top row of stays to the top row of rivets on the front of 
MILLING MACHINE FOR GUN WORK. the uptake was 1 ft. 8 in., and from the top row to the second 
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he stated that the material of one of the boilers had been 
tested at the chain-proving machine, he omitted to give the 
dimensions of the strips tried. The strips were 2 in. wide 
practically, and those from the uptake plate were .42 in. 
thick, and those from the front plate were .47 in. By the 

ification the uptake plate should be .50 in., while the front 

ates need not have been more than .4375 in. There was a 

eficiency of .08 in. in the one, and an excess of .0326 in. 
in the other. Mr. Bramwell added: When I spoke of the 
quality of the material, as shown by the chain cable test- 
ing, rd should have gone on to say that the workman- 
ship of the eiglodel boiler was excellent. Further, I 
told the jury that the uptake of the exploded boiler was its 
weakest part. It would have been well if I had added then 
that which I desire to add now, that the uptakes of the two 
five-fire boilers are bulged, but the smokebox ends of those 
boilers were, in my judgment, entirely uninfluenced by any 
pressure. The plates of one of the furnaces of the exploded 
boiler had been drilled. Their thickness had since been taken 
by Mr. Harris with a proper gauge, and he had ‘reported it as 
being now bare yin. The plates in the uptake of the éx- 
wr ow boiler, which adjoined the one from which the samples 

ad been cut for testing, had also been gauged by him and 
found to be bare } in. thick. 

By Mr. Hill: The uptake plates were bulged on the other 
boilers from ,f, in. to § in. as a maximum. 

Witness desired to add that the area of plates stayed on the 
uptake was from about two and a quarter to two and a half 
times as great as the area stayed on the side of the smoke- 
boxes ; and also that the sides of the smokeboxes were kept 
cool by water being in contact with the uptake at that part ; 
while, except for about 10 in. at the lower position, the uptake 
plates had no water to keep them eool. 

By Mr. Jenkins: He ad designed and tested marine 
boilers for the mercantile navy. For a new boiler he should 
use the factor of safety put forward by the Board of Trade, 
namely, 6. He thought that was theirone factor. He did 
not think it was 8. His experiments in the port after boiler 
showed that there must have been a temperature in the 
smokebox, and he had no doubt also in the uptake, exceeding 
the melting point of lead, which he believed to be some- 

between 600 deg. and 660 deg. Fahr., but how much 
more he did not know. He-had not apyrometer. After the 











trial was over he found there was a pyrometer in the dock- 


yard, but not knowing that, he had provided himself with | 4 


ladles and lead to put into the smokebox as the readiest 
substitute for a pyrometer. He could not say how far it was 
beyond the melting point towards red heat. He did not 
know that there is a boiling point of lead; a point at which 
it would sublime. He would put it this way, he could 
not tell how far it was above red-hotness, or, in other 
words, what was its temperature. On the day of the experi- 
ment he did not see it ; . Harris simply called out “ Your 
lead is melted.” The pressure at the time of the explo- 
sion largely exceeded the working pressure, and he did not 
believe that it exceeded 100 lb. He was not pre to 
say whether there would be any appreciably different 
effect upon the valve by being tried outside the boiler- 
house when it stuck at 69 lb., and upon it when it 
was tried on the steam chest itself of the boiler in the boiler- 
house. When the valve box was tried in the boiler-house it 
could not be directly attached to the steam chest, because that 
was circular, while the flange on the valve of the other was 
flat. A gun-metal casting a few inches long was made with 
a curved flange at one end to fit the steam chest and a flat 
flange at the other end to fit the valve box. Under these 
circumstances the valve lifted at various pressures in excess 
of the pressure to which it was loaded, none of those pressures 
being more than 22 lb. in excess. When the valve box was 
put outside the boiler-house the valve did not lift with an 
excess pressure of 301b. But, in his judgment, looking at 
the behaviour of the valve when in the bouler-house, and the 
varying excess pressures which it demanded there, the highest 
being when thejvalve had been taken out, tried in a lathe, and 
scrupulously cleaned, the fact that it did not lift with 30 Ib. 
excess pressure when out of the house did not show that the 
atmosphere had any appreciable effect upon the pressure 
required. The valves of the exploded boiler would have with- 
stood a pressure of more than 54 lb. pressure without ae. 
He could not explain why; it should be so. He could only 
refer him to the fact that in close proximity to the factory 
boiler the valve required variously 17 lb. excess pressure, 
12 lb. excess pressure, 15 lb. excess ure, and 22 Ib. excess 
pressure, and as he could not explain these under 
spparently precisely similar conditions he could not open 
why a sti/l greater pressure might not be required. ™m 


row was 15{in., as shown by the drawing of the experi- 
mental chamber. The greatest area on any one stay would 
amount to about 280 square inches. According to that area 
the boiler ought to have been worked at about 8 lb. to the 
square inch according to the Board of Trade rule ; it decreases 
in strength for a surface not protected by water. Taking 
Lloyd’s rule the working pressure would be very nearly three 
times that, but one has got to consider when taking the factor 
of 6 what is the effect of a surface not protected by water. He 
believed the Board of Trade rule to be a very civitrary one, 
and Lloyd’s do not —— it.—Mr. Jenkins: I ask what is his 
own opinion of the working pressure, he tells you he designs 
and all that. I want his own.—Mr. Bramwell: In my own 
opinion it would be safe to work at 24 lb., allowing a hand- 
some margin for casualties; that is what Lloyds’ would allow, 
the factor of safety being 6 in both instances. The difference 
is due to the different values put upon surfaces of this de- 
—-L by the two establishments. 

. Jenkins: Does Mr. Bramwell withdraw that statement 
that the working pressure should be 8lb.? Mr. Bramwell 
has told us that he uses a factor of 6, and he gave the area, 
and I ask him what pressure he considers that boiler should 
be worked at. Your factor being 6, the area supported 
by these stays being 280 in., what — would that bring 
out as the working —— of the boiler. 

Mr. Bramwell: Twenty-four pounds. Now in order to 
prevent any misconception, you are confounding the factor 6 
with the figures used in the equation used by both establish- 
ments. 

Mr, Jenkins: Then Mr. Bramwell you take, I suppose, 
- —— Fairbairn as an authority tot do to a certain 
extent. 

Mr. Jenkins: At page 304, “‘ Useful Information,” William 
Fairbairn, 1860, ‘Steam boilers of every description should 
be of sufficient strength to resist eight times the worki 
pressure.”—Mr. Bramwell: I do not agree with it ; if we 
to build locomotive boilers to resist 1200 lb. per square inch 
it would be an unbearable burden upon mechanical en- 


gineers. 

Mr. Jenkins: On page 80 I see these words, “ It would be 
a matter of paramount importance to the public, if men com- 
bining the greatest practical skill with the highest scientific 
attainments would direct their attention to the subject, and 
give to the public such security in the construction of boilers, 
as to insure them capable of bearing, under the most un- 
favourable circumstances, at least six times their working 
pressure.” 

Mr. Bramwell: It is a statement by a writer; there are 
various things which are desirable; the question is whether 
we can get them. 

Mr. Jenkins: You stated that the boiler would not have 
stood over 100, what result does all this show, Say that the 
boiler would possibly burst under 100, and these factors, we 
will take them at 6, at what pressure should that boiler have 
been worked under these circumstances P—Mr. Bramwell : 
Sixteen pounds. Taking that the boiler would bear about 
a ne before explosion it should have been worked at about 

Mr. Bramwell: I withdfaw my observation which I ob- 
tained from Lloyd’s rules, 24 lb. ; and Ladopt 16 lb., one- 
sixth of the working pressure. 

Mr. Jenkins: You said that the safe working pressure 
would be 24 lb.?—-Mr. Bramwell: I do not withdraw that, 
but I do withdraw that 24 lb. is the pressure which should 
have been used for the factor of 6, although I believe the 
boiler would have been perfectly safe to work at 24 lb. 

Mr. Jenkins: You watched the experiments on the sample 
chamber in the factory, do you consider the wor ip 
equal to that of the exploded boiler ?—Mr. Bramwell: Quite 
ual to it—Mr. Jenkins: What was the amount of per- 
manent set there at 60 lb.?—Mr. Bramwell: The greatest 
amount of permanent set at 60 lb. was one-eighth full. 

Mr, Jenkins: Do you think, Mr. Bramwell, that a boiler 
showing a bulging } in. between its stays, and a permanent 
set of } in. is perfectly safe to work at 301b.—Mr, Bramwell : 
No I donot, 1 sayI donot. I say I do not consider it safe. 
I say it was safe but not proper. It was too near the burst- 
ing point at that. 

. Staveley Hill: I do not asegene he understands the 
boiler itself to show permanent set 

Mr. Bramwell : There is no confusion, I look upon that 
uptake plate as very weakly stayed. I would not work these 
boilers at 30 1b., although I do not believe they would explode 
at that, but | would not work them at that. 

Mr. Jenkins: Do you think a boiler that has to work at 
30 lb., and yields so much at 60 lb., do ay think it ought to 
have yielded at a)l permanently at 60 lb.P—Mr. Bramwell: 
I think so, in as large a surface as that, and taken a perma- 
nent set. 

Mr, Jenkins: Then at each time the boiler attained that 
pressure would there be the same amount of additional set 
take place?—Mr. Bramwell: I do not think it would be in- 
creased at all next time. 

Mr. Jenkins: In bulging or setting in that way is it not a 
fact that the plates are extended, and thereby become a small 
fraction thinner each time ?—Mr, Bramwell: Well it is an 
abstract fact, but it is not a practical fact, 

Mr. Jenkins : You gave us the amount of set in the five 
furnace boiler ?—Mr. Bramwell: I speak from memory, it 
was trom }; in. to § in.—Mr. Jenkins : Was that set attained 
by the hydraulic pressure at the time of testing ?—Mr, Bram- 
Fo Senkien | Wass bipsien Metinetis Se: énig sy'dimtea 

r. Jenkins : Was it cu ween or 

bulging ?—Mr. Bramwell: I am sorry to say Tdo not follow 
your question, I mean from the top of the hill to the bottom 
of the valley. 

Coroner : Where do you take the top of the hill and where 
the bottom of the valley ?—Mr, Bramwell: Wherever they 
occur: it was a number of bulges between the stays; I bave no 
reason to suppose that the stays themselves have lengthened 





or come out, and, therefore, I take them as the starting point 
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of the beginning of the bulges.—Mr. Jenkins: A block placed 
on the front of the boiler on each end and a cord.—Mr. Bram- 
well ; I have misunderstood you ; the bulging I speak of was 
that existing eaese the hydraulic testio = The maximum 
bulging under the hydraulic test was ¥, in. inthe uptake plate. 
That bulging may have been result of some previous 
hydraulic test, I do not know whether it was; it was not the 
result of our hydraulic test. 

Mr. Bramwell: In this sample piece taken out of the side 
of the boiler, the cupping is ;{in. in a radius of 3in. The 
says in the side of the smokebox bad sbout 100 square inches to 
support, and there the bulging was about the same as in the 
port forward boiler, that had about 280 in. 

By the Jury: I believe that when the pressure gauge was 
broken the stop valve was closed. I cannot tell in what space 

of time the boiler would generate steam sufficient to burst it 
from 12 lb. steam, unless I know how the fires were being 
managed. If the fires were being held back because it was 
not supposed the steam was immediately wanted, then the 
generation would be slower. I should suppose that close 
until one o'clock these doors were open. 

Jury : According to the witness Wells they were piling 
fuel upon these fires from a quarter after eleven until the 
boiler burst—Mr. Bramwell: I cannot conceive it possible; 
he told us that at a quarter after twelve the smokebox doors 
> m4 opened, and at one o'clock he returned and found them 
e 

Jury : Then it is your opinion that from a quarter after 
Pa both the hay eave and the stop valve were 
closed ?—Mr, Bramwell: It is my opinion that at the time 
of the explosion both were closed, but [ cannot tell from what 
time the stop valve was closed. I know that both had been 
closed before the explosion a sufficient time to generate a 
pressure, and in all probability the stop valve had not been 
opened since the previous —¥ 

By Mr. Thesiger.—Mr. Wright, Mr. Newman, Mr. Oliver, 
Captain Aynesley, Mr. Phillips, and Mr. Tvokey attended 
the experiments with himself on behalf of the Admiralty ; 
and on behalf of the contractors there were present—R. 
Humphrys, Mr. Bourne, Mr. Parker, Mr. Hide, Mr. Maxwell, 
and Mr. Harding. Messrs. Hide, Bourne, and Parker were 
engineers of great experience. He was not aware that Mr. 
Parker attended on behalf of Lloyd's, but he was aware he 
was the engineer of Lloyd’s. The investigations were practi- 
cally made in common. In the course of his experience he 
emp with Messrs. Humphrys and Tennant’s 
engines, and they had a deservedly high reputation, as also 

the firm. On his examination he found the stamp show- 
ing when the inspection of the boilers had been made. He 
remembered that the date was 1870. The statement on the 
boiler was—Tested to 60 lb. in some day in some month in 
1870 by hydraulic pressure,” and then followed some initials, 
I think C. F. M. stamp would imply that the test had 
satisfied the Government. e had that the hydraulic 
tests were repeated when the boilers were fitted on board. 

Mr. Thesiger here read the following paragraph from the 
“General Instructions” issued by the Admiralty in 1875: 
‘In order to detect any accidental weakness or unsoundness 
in any part of marine engines or pipes when first fitted on 
board by contractors, or when new boilers are fitted, not only 
the boilers but all the pipes and other connexions as well as 
the steam cylinders and slide casings as far as the eduction 
pipes are to be tested by hydraulic pressure to twice the 
pressure the boilers are intended to work at; and all high- 
pressure boilers, after being fitted, together with the steam 
eyliaders, and all pipes and connexions which will be subjecte i 
to the steam pressure are also to be tested to twice the pressure 
the boilers are intended to work at, except in cases where 
special tests are. ordered.” If he saw under hydraulic tests 
bulging show, which he considered excessive, he would not 

ut the boiler to work at the intended pressure, and if he 

d the power he would reject the boiler uatil altered. Hoe 
still adhered to his statement that the explosion was not 
produced by any weakness in the boiler. As to the exact 
amount of pressure to which the boiler was subjected he could 
not speak, The fact that the centre T bar had punched the 
front plate showed the enormous pressure there must have 
been on the plate atthe time. The plate then havin ripped 
the line of rivets had nothing to oppose ite moving but that 

This punching occurred after the explosion had 
commenced. Therefore. although it showed the enormous 
— on the plate as a whole it was not a very good in- 

ication of the pressure on the square inch. Coupled, how- 
ever, with the bulging, it showed that the pressure had been 
very large, but he attached most importance to the bulging 
They could form a comparison that that which produced the 
bulging on the smokebox side of the boiler must have been 
very much greater than the pressure which produced the 
bulging in uptake of the port forward boiler, and they 
had this strong evidence in corroboration that the smokebox 
of the port forward boiler was not similarly bulged, 
although whatever pressure which came upon the uptake of 
the port forward boiler must equally have come upon the 
smokebox of that boiler, S» far as he had heard the whole 
of the boilers had satisfactorily withstood the Admiralty tests. 
He believed that the factors of eafety wh'ch have been esta- 
blished by Lloyd's and the Board of Trade had come into ex- 
istence since t boilers had been made.—Of course the idea 
of these factors of safety has been floating about in engincers’ 
minds for a long time >—Of course, yes, a factcr of safety ; no 
eg vrai mating Nae wtih ou oa a 
at wor pressure. ) Admiralty tests 
was founded on the desire to obtain a a of A 
i of the boilers. val 


would have taken the pressure in the exploded boiler from 
the gauges of any of the other boilers. A man might easily 
be deceived as to whether the pointer was on the wrong side 
of the zero point, Upon cooineg the safety valves of the ex- 
ploded boiler they were found’‘perfectly free in their seats ; but 
the injury which they had sustained was such as to make it im- 
possible to ascertain whether they had stuck at the time of 
the explosion. It was gee clear to his mind, from the 
condition of the safety-valve box, that the sticking could not 
arise from any obstruction in the way from any foreign 
matter introduced in the box. His conclusion that the 
valves of the exploded, boiler, although free when cold, stuck 
when first heated was derived from experiments with other 
similar valves and from the ¢ortoborative evidence that 
there had been sticking. There were eighteen safety valves 
altogether on the main boilers besides those on the super- 
heaters. All he saw experimented upon worked properly 
under steam with the exception of one. He thought he had 
seen five or seven worked. Out of the 18 valves 14 were 
tried. The two belonging to the exploded boiler and those 
of the boiler opposite could not be tested. Out of the 18 
he saw only one valve stick. The experiment was a novelty 
to him and to the others. He believed the fact that a valve 
which was free when éold and free when hot, after being 
lifted, would stick when heated after being cold was a 
novelty to every person who made the experiment. Safety 
valves could stick from various causes. One of the causes 
was a valve being left in its seat without movement for a con- 
siderable time, or any corrosion or scale getting in between 
the wiogs of the web of the valve and the seating. Any 
accident causing the bending of the spindle might also cause 
the sticking. Being originally made too tight was also a 
cause of sticking, and likewise the effects of temperature. 
There might be an arran t which could put an extra 
load upon a valve automatically, not by pressure. I may as 
well say at once what I mean: the ipaako steam pipe from 
thie valve-box was 58 ft. high; if you assume that pipe to be 
full of water it would put'a pressure of about 25 1b. per square 
inch on the valve. I may say there is very good reason to say 


seams of rivets in the cylindrical shell, and not in the flat 
ends, which are stayed. Possibly, and in all probability, the 
bursting of one cylindrical boiler in a series would have led 
to the bursting of the next. 

Was not the fact that the bursting of one cylindrical 
boiler might lead to the bursting of others alongside one 
which should be seriously weighed by those engaged in the 
construction of boilers in these days of high pressure P—Wit- 
ness thoughtso. When a boiler exploded from want of water 
the parts first affected were the top of the flame-box and the 
top of the tubes, but in the exploded boiler there was nothing 
to convince him that there had been shortness of water. 
He wholly dissented from the view that had any of the 
boiler plates been overheated and water had been dashed 
upon ‘that thereby so rapid a generation of steam 
would have resulted that the outer casing of the boiler 
would have been rent. The specific heat of wrought iron 
was so small that the power of @ piece of hot iron—even 
of a ame Piece —to generate steam was extremely limited 
—so limited that the steam generated in a boiler like the 
Thunderer, which had 500 cubic feet of steam space when 
the water was up, and much more when the water was low, 
would not appreciably affect the ure in the boiler. Wit- 
ness also expressed his dissent the spheroidal theory. 
He did not think either that the explosion originated from the 
air having been boiled out of the water, as the fact was 
in evidence that the boiler had beer filled with water 
on the day previous to the explosion. It was wholly due to 
an pee HE as of steam pressure which found out the 
weakest parts, and he believed that had the boiler held on 
for another minute Mr. Robert Hump'rys would not have 
been there alive. Witness was asked his views as to a num- 
ber of points with reference to boiler construction.—Then 
I understand you attribute the explosion simply to a gradual 
accumulation of steam pressure ?—I do, which found out the 
weakest point.—How did it come about?—I do not know 
whether it would be well to say here that if that weakest 
point had been any stronger it would have been an aggrava- 
tion of the mischief. I taliers that if that boiler had held on 
‘or +h + 





that it did not occur here. My attention was first directed 
to that point, but I abandoned it. It was of importance that 
safety valves should be inspected or tried from time to time. 
The non-hand-liftable valve could not be inspected, nor could 
it be ascertained, when under steam, that it was blowing off. 
That was a difficulty under which ms in charge of such 
vessels usually labour, and he had suggested how it might 
be removed. It would also be a convenience if the stop valve 
could be brought under the control of the men in charge of 
the boilers. But up to the present time the form of the 
pressure gauge and safety valve and the position of the stop 
valve were ordinarily such as those in the Thunderer. 

Before the adjournment the Coroner read a letter which 
he had received from Mr. W. C. Church, of Great George- 
street, Westminster, who had been before the jury a few 
days ago, asking for a pass tg view the boilers of the ship so 
that he might give the Admiralty the benefit of his views as 
to the causes of the explosion. He considered that Mr. 
Church was too late in the day, and that ifthe Admiralty had 
required his services they would have asked him to attend 
the investigation. 

Mr. Staveley Hill remarked that the Admiralty had no 
desire to avail themselves of the assistance of Mr. Church, 
and he believed that his services were not likely to prove of any 
service to the Admiralty, to the Coroner, to America, which 
was supposed to be his native place, or to any other country. 

The Foreman of the jury thought they had plenty of 
scientific evidence. 

Mr. Church’s application was refused. 

Oa resuming Mr. Bramwell said that he wished to correct 
what hesaid with reference to Lloyd’s rules and the Board of 
Trade. It ought to have been as 17 to 8, and not as 24 to 8. 
In answer to questions from the foreman, he said he could 
not say whether the rivet holes were punched or drilled, but 
they were very well done, and very accurate. He did not 
see that there was any perceptible crack from one hole to the 
other, and he did not believe that the hydraulic test had 
weakened the boiler in any way. 

By Mr. Gayne.— With the exception of the after plate of 
the uptake he had not discovered any discrepancy between the 
boilers and the specifications. They had now me more 
cautious in the present day; but although the boilers did not 
meet all the requirements of the present day, they were yet in 
accordance with the specitications. He did not consider that the 
fact of the pointer flying round to 201b. when the glass of the 
gauge was Cooken and the hand touched, coupled with the fact 
that the other gauges were at 26 lb. pressure, should have sug- 
gested to Mr. Harding that the communication between the 
exploded valve and the others had ceased. He thought that 
one supervisor in each stokehole was sufficient. Ifit had been 
bis duty to see that the stop valves were open he should not 
have waited until the giving way of the gauge to perform that 
duty; and if his duty had to see tothe exploded boiler 
and not to the stop valve he should have gone on after the 
gauge had become deranged, in the full confidence that he 
could rely upon the other gauges, which was spparently the 
course which was adopted. He believed from what he had 
heard that the band-workable valve had been lifted from its 
seat on the morning of the explosion to let the air out of 
the boiler. He had no reason to suppose that there had 
been any sudden impulse of steam to produce the explosion. 
Although the uptake of the exploded boiler was thinner than 
the specification its toughness was yet beyond the require- 
ments of the Admiralty. Such boilers would be safe accord- 
ing to the specification, but they are not according to the 
requirements of the present day.—Coroner: Do you mean to 
say we are — wiser with regard to boiler construc- 
tion —Mr. Bramwell: We are becoming more cautious. 


By the Assessor: The type of boiler adopted in the Thun- 
derer was ore which he would adopt for a pressure of 30 Ib. 
to the square inch. He considered it quite safe. Had the 
construction of the boiler been cylindrical the destruction 





would have been much greater. A weil-proportioned cylin- 
drical boiler fails under excessive pressure at the longitesinal 








tant or two Mr. Robert ope, aly would not 
have been in this room at the present time.— How did it come 
about that the uptake was weaker than the other parts 
of the boiler?—The stays were too wide apart for screwed 
and rivetted stays, having regard to the thickness of the 
plate.—At what distance a would you fix the stays for 
steam at 301b. on the inch for plates the same thickness as 
in this case?—About 12in.—You stated in your evidence 
that for short screwed stays it was safe to havea head at one 
end with a nut at the other?—I would recommend a head 
and a nut; in locomotive fireboxes there are no nuts because 
there are objections, but there are no objections to having 
nuts in the uptake, and therefore they ought to have heen 
there; I would renommend that screwed stays should be 
nutted, and not depend on rivetted points only, wherever 
there was no local objection.—Coroner: In this case you con- 
sider there was no particular objection to it, you thought 
they were as strong without ?—Assessor ; Suppose that one of 
the stays in the uptake being drawn through at ordinary 
working pressure through having a defective thread, do you 
think that we would have had an explosion just such as we 
have been considering, except the difference of the pressure. 
I do not assume that the stays being sound they could have 
drawn through at 301b. ?—I am sure that has not taken place 
in the Thunderer’s boiler.—Would you not recommend it as 
asound principle of staying that the plate should be suffi- 





ciently strong to allow of the rupture of one stay without 
injuring those d?—The factors of safety, be 
they four or be six or eight, are provided to meet 


emergencies of That Lind Did hydraulic bursting pres- 
sures of the sample chamber suggested by Mr. Phillips modify 
your views at all in regard to the strength of such stayed 
surfaces ?—I do not know that they have; I may remind you 
that I prophesied the pressure at which that chamber would 
explode, and it did within 51b,—Would you have recom- 
mended that these stays should have been as close as 12 in. 
apart six years ago, when these boilers were made ?—I hardly 
think I should have recommended them, in fact, I should not 
have recommended them to be so close six years ago, but I 
should do so now.—Did the experiments not show that the 
flat surfaces were not-as strong as usual?—Probably I 
thought the boiler was stronger, but coming to consider the 
question before the bursting of the chamber I did predict the 
bursting of the chamber to within 5lb. My first impression 
as to the strength of the uptake was modified by the 
experience of the bursting of the chamber.—Do you think 
that all is known with respect to the strength of such struc- 
tures as we should know ?—Certainly not, as an engineer I am 
prepared to staie that we do not possess as much information 
as we require on the strength of flat surtaces, and that further 
experimental investigations are urgently called for.—Can 
you explain the reason of the bulging in the forward boiler ?— 
I cannot, I am inclined to think they have arisen from high 
pressure combined with great heat.—Does not that show 
the importance of further investigations of the effect of ap- 
plying heat to the one side of plates that have only steam to 
cool them on the other; what tempcrature do you understand 
is attained in the smokeboxes and the uptakes of marine 
boilers on the measured mile ?—I understand that as high a 
temperature as 1000 deg. and more is ti ttained 

—Do you consider it a mechanical arrangement to have the 
integrity of the safety valve depending on the truth of the 
setting of the spindle and the guide on the top, and also to 
have the spindle liable to the blows from the lateral action of 
the weights ?—I like it because it gives a long bearing, the 
spindle is guided at the top and also in the seat. I prefer the 
design as it is to any variation which would reduce materially 
the length of the guided part.—I believe you say that every 
valve should be capable of being lifted b , would it not 
be as well to have every valve arr so that it can be 
turned round and round by hand ?—Yes, although I believe 
that the latter, the power of turning round is more valuable 
to prevent the vaive from leaking than to keep it from stick- 


ing.—Some dial gauges are made with an open centre se 
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that you can see the work of the rack and pinion, would you 
approve the adoption of that?—I thought they were more 
for engine-room purposes, the principle of having the opening 
in the dial gauge that the rack and pinion may be open to 
view, is good provided it could be kept free from dirt and 
dust. The workings of machinery on board men-of-war 
and ironclads were, because of their complications, subject 
to great difficulties, and showed the necessity for a small 
0 safety valve, as previously recommended. He 
thought that if the boiler had primed heavily the pressure 
might have risen to a sufficiently high point to burst the 
boiler even had the safety valves been free, but it must have 


been so heavy that it could not have failed to make itself 
known in the working of the iliary engines delivering 
exhaust steam into the same waste .. The evidence, 


however, which he had heard had removed the impression 
which he once entertained that there might have been a 
water resistance to the exit of steam, from the boiler. To 
bring the matter to a point he tenet hs exeebary 
to excessive pressure of steam in consequence of the sticking 
of the safety valve, that sticking occurring in the ordinary 
course of work, and not from tampering or “ jockeying” 
any way whatever. He believed that nothing of the kind 
would be attempted by gentlemen of the character of Messrs. 
Humphrys. They were far above any conduct of that sort, 
even without supervision; and if they were considering not 


clear and exhaustive a manner that he was satisfied, so far as 
the scientific evidence was "concerned. The experiments on 
which Mr. Bramwell’s evidence was had been con- 
ducted in the presence of the other scientific witnesses, and 
it would be unnecessary to call witness after witness for the 
purpose of enabling them to state that they agreed in his 
conclusion. He thought, however, that Mr. Foot and Mr. 
Swanson should be called, and that Mr. Bourne and the 
other scientific gentlemen might also be called in if the jury 
thought it necessary. It was they whom the country held 
responsible for the verdict. The Coroner added that he had 
been furnished with a_report which had been drawn up by 
the Assessor, who came Siseeen two sets of witnesses, and 
whose evidence, therefore, was of the most independent cha- 
racter. This ot he proposed to read at the end of the 
ena although he was aware that such a proceeding was 
unusual, 
The Foreman said that the jury concurred in the propriety 
of Mr. Thesiger’s remarks, 
Henry Browo Harris, a civil and mechanical engineer, 
. Bramwell’s chief assistant, was called to cor- 
roborate the evidence of Mr. Bramwell, and especially 
one ortions of it in which reference had beea made to 
imself. 
George Edward Foot, an engineer of the Thunderer, said 
he had the whole of the safety valves in the after-stokehole 
cted and worked about the 238th or 29th of June. He 





the Messrs. Humphrys but others who knew their b 
but who were not honourable, the course suggested would 
have been a foolish One. Unless they had blocked down the 
whole of the 18 safety valves of the boilers the blocking 
down of those two on the ruptured tube alone could not have 
given an excessive pressure for the engines, because they 
could not have used it without opening the stop valves of the 
exploded boiler at the same time, and then excess of pressure 
must have blown off by the other valve. He was quite con- 
vinced that any suggestion which had been made as to unfair 
treatment of these valves had been made in ignorance of the 
facts and without a shadow of foundation, and he said that 
emphatically. 
'y Mr. Hill: He theught that the liftable escape valve 
could not have been held ilown by corrosion if that valve had 
been lifted either on the day of the explosion or within a 
week previously. The proper mode of filling the boilers on 
the night previous to the explosion would be to open the 
safety valve to allow the air to escape as the water entered. 
In the same way it would be the proper way to open the 
safety valves to let out the air to prevent it mixing with the 
steam and thus destroying the vacuum. 
This concluded the evidence of the witness, and the Court 
adjourned until Monday morning. 


TureTEextTH Day, Monpay, Ava. 28. 


On the opening of the Court some remarks were made by 
the coroner and counsel respecting the renewed application of 
Mr. W. C. Church to be allowed to take part in the inquiry, 
and it was agreed that it was undesirable to accede to Mr. 
Church’s request. The reading of Mr. Bramwell’s deposition 
was then proceeded with and lasted until the adjournment to 
luncheon. On the Court resuming, 

Mr. Thesiger remarked that he would take that oppor- 
tunity of making a few observations cn the course of the 
proceedings before Mr. Bramwell was called. The jury ex- 
pressed a wish that Mr. Harding, the contractors’ foreman, 
should be examined as a witness in order that they might 
have before them all the facts on which the scientific opinions 
were based. Mr. Hill. thought—and he was of the same 
opinion—tbat some ecientific evidence should be given in 
order that the jury might see what were the important 
facts in the inquiry. Mr. Bramwell, as one of the scientific 
witnesses, had given it as his belief that the explosion was 
not owing to any weakness in the boiler itself, but to the 
over pressure of steam produced by the non-working of the 
safety valves at a time when, by some unfortunate disregard 
of orders or by some mistake on the part of somebody, the 
stop valve was closed. He might say that the gentlemen 
who had represented the contractors during the investigation 
had independently and unanimously arrived at the same con- 
clusion as Mr. Bramwell. There might be a difference of 
opinion as to the cause of the sticking of the safety valves, but 
it seemed to him unnecessary that they should call scientific 
witness after witness for the purpose of proving that on which 
they were all . He was quite ready, if the jury de- 
sired it, to put Mr. Harding, who had charge of the stokehole 
for the contractors, into the witness-box. Although his 
clients were anxious that there should be the fullest investi- 
gation, it was undesirable that they should be put to 
unnecessary expense, as there was no difference of opinion as 
to the immediate cause of the explosion, 

Mr. Staveley Hill said if his learned friend, under the cir- 
cumstances, thought it superfluous to call further scientific 
evidence, he would be equally bound with his friend by any 
expression of opinion which the jury might make; but he 
should not be content to Jeave the matter in the hands of the 
jury without calling either Mr. Foot or Mr. Swanson, after 
the statement of Mr. Thesiger that the stop valves had 

closed by some unfortunate disregard of orders, or 
, some mistake on the part of somebody on board the 
ship. 

_Mr. Thesiger did not mean his observations to apply 
either to Mr. Foot or Mr. Swanson. His purpose in calling 
Mr. Harding would be to prove that all proper orders were 
given with regard to the stop valves, and that the orders 
were carried out. 

The Coroner said that, although it was not the practice to 
allow speeches from 1 in such inquiries, hé considered 
that it was of great advantage toa jury when counsel were 

tte to express their opinion from time to time. His 

a friend had exactly expressed what was passing in his 
mind. Hethought that Mr. Hardiog, whowas in charge of the 
boiler, and whose name had been mentioned, should be called, 
in order that he might state what orders he had given and wh» 





the person was who ought to have ed the stop'valve. It 
was the first time he met with Mr. Bramwell, and he 
might state that that gentleman had given his evidence in so 





had last seen the hand-liftable safety valves lifted in both 
stokeholes on the Friday and Saturday, the 7th and 8th of 
July, those in the after-stokehsle on the 7th, and those of 
the forward stokehole on the 8th. He worked the hand- 
liftable safety valve of the exploded boiler on the 7th, and 
it worked the same as the rest. He had no difficulty io 
lifting it. On the 14th, when he went into the stokehole 
shortly after 10in the morning, he asked Adamsif the safety 
valves and the stop valves were opened. [It was here 
explained that Adams was lent by the dockyard to the con- 
tractors, and that he went on board with Mr. Harding.] He 
told him that they had been opened. He remembered after- 
wards hearing the order to let the safety valves down, but he 
could not tell by whom that order was given. That was 
about a quarter to 11. He then saw Adams lower the spindle 
so as to allow the valve of the exploded boiler todrop. He 
could tell that the valves had been raised by the oil marks, 
and by the distance the spindle had passed through its sup- 
port. He remembered Downs reporting to Mr. Harding that 
the pressure gauge would not act. Downs was one of the 
contractors’ men, and both he and Adams were killed. Mr. 
Harding gave directions to have the pipe taken off, and 
Adams went up the ladder and unscrewed the pipe from the 
gauge, when the steam escaped, showing that the pipe was 
quite clear. Mr, Harding gave orders to Adams to break the 
glass and put the pointer to the same height as ths other 
gauges were showing. He took the pointer between his 
finger and thumb and moved it up. The pointer fell back 
to zero, and Adams said that the fioger was loose. Mr. 
Harding said they had three others all right. Witnegs told 
Mr. Slade that the gauge was broken, and he asked whether 
the others were ailright. He said thatthey were. This was 
all of importance that he saw before the explosion. 

By the Coroner: He thought the stop valve was open, and 
he had no fear in working on the other three. He drew the 
same conclusion as Mr. Slade and the others, that the ex- 
ploded boiler was in connexion with the other boilers. He lett 
Mr. Harding in the stokehole where the boiler exploded when 
he went away. The explosion occurred dvetween eight or 
nine minutes afterwards. He never saw anyth:ng or heard 
anything to lead him to suppose that there was any jockey- 
ing on the part of the contractors. 

by Mr. Adams: He did not know whose duty it was to 
open the stop valves, but he thought that Adam; was the 
one most likely to have been sent by Mr. Harding to open 
them. He naturally inferred that he knew whether they 
were opened by his saying “ Yes.” He would have drawn 
the same conclusion had Downs or Mr. Harding told him 
so. It was not impossible for Mr. Harding to have told 
Adams that the stop valves were open; but the latter was 
not in the stokehole at the time. He would most likely 
have known had there been any jockeying. Had the trial 
been conducted by the dockyard authorities, he believed 
they would have proceeded without a pressure gauge on 
the exploded boiler under the circumstances. He hai never 
heard of a pressure gauge falling out of gear during a dock- 
yard trial. 

By the Coroner: He had very often knowa steam pressure 
gauges defective on board ship. 

By Mr. Thesiger: He had nothing to do with the Thun- 
derer’s machinery before h3 joined her on the 2nd of June. 
Lime was in the boilers when he joined. Ths handle of 
the spindle of the safety valve was about 6 ft. above the 
stokehole floor. He had moved ths handle on one occa- 
sion, ths 7th of July. He had never seen the inside of the 
safety valve box, ani had not, consequently, seen either 
the weights or the valve. He did not know how many 
turns of the handle were required to lift the weights in 
any valves of the boilers. He did not know that one set 
of valves required more turns than another. If he wanted 
to lift the valve right up, he would keep turning until he 
met with an obstruction preventing his going further. This 
was what also would be done by another man under his 
directions. He could not, as an engineer, explain why the 
spindle of the exploded boiler showed less wear than the 
rest. 

By the Coroner: He did not think that corrosion would 
have led any one to believe that he had opened the valve when 
he had not done so. He might not have known that he had 
fully opened it, but he thought he would have known that 
he had unseated it. He was perfectly certain that ho had 
unseated it on Friday, the 7th. 1 

By Mr. Hill: He saw Adams lower the spindle on the 
14th. It would have been opened on the morning of the 
14th to let out the air while they were getting up steam. 
It would take about three turns of the spindle to bring the 
spindle into contact with the bottom of the valve, and a 








little over ten to raise the valve gomplotely. On the 7th 
he raised the spindle about an inch, which would raise the 
safety valve about g in. above its seat, supposing the spindle 
to be right down. When the wheel was turned, at first 
it worked quite easily, while the screw was working 
through the clearance. They could distinetly feel the 
weight coming on the end of the spindle, and they knew 
then that they were opening the valve. In releasing it 

ain they felt the relief of the weight after reaching the top 
of the clearance. 

By the Coroner: No corrosion could have occurred during 
a period of seven days. 

By a Juror: The glass of the gauge was not broken until 
after the pipe was disconnected, and he did not see the pin 
move on until the glass was broken and the connexion 
re-made. 

By the Assessor: The stop tap of the gauge might have 
been closed before the connexion with the boiler was 
severed, and this would have bottled up.the pressure in the 
gauge, which would hold the needle stationary for a few 
minutes. 

At the conclusion of the cross-examination of this witness 
the Court adjourned. ' 


FourtsentH Day—Tvespar, Ava. 29. 


At the opening of the Court the first witness examined was 
Mr. John Swanson. Mr. Swanson stated that he was an 
engineer in the Royal Navy. doing duty on board the Thun- 
derer, and went on board that ae onthe 14th of J uly to 
take notes of the machinery during the trial. He went into 
the engine-room at a quarter to one, and found on the 
engine-room platform Mr. Slade, the chief engineer, Mr. 
Thomas, the senior engineer, and Mr, Maxwell, the con- 
tractors’ foreman. He spoke to Mr. Maxwell, and asked 
him if all the stop valves were open. He answered “ Yes,” 
and witness then said, “ I mean the main stop valves.” Mr. 
Maxwell replied that everything was open ready to start 
when they were ready on deck. then observed the engine- 
room steam gauge indicating a ure of 29lb. He com- 
municated with the after stokehole by means of the voice- 
pipe, asking what pressure was showing in the boilers. He 
was told 32 lb, He called Mr. Maxwell's attention to the 
gauge in the engine-room having a less pressure than the 
pressure in the boiler, He said * All right,” and that wit- 
ness had better enter it in the book, which he did, Not 
feeling 4 ag satisfied with the answer through the tube, he 
asked Mr. Cooper, who was sent to assist him on the occa- 
sion, to step down into the stokehole and see what the 

ressure was himself. He réturned, and stated that all the 

oilers showed 32 lb. pressure, with the exception of the fore- 
most starboard boiler in the after stokehole, which indicated 
a pressure of 13 lb. At this moment witness’s attention was 
drawn to the starting of the engines, which were started by 
telegraph, which he had to answer. This was at two minutes 
past one. At six minutes past one he received a com- 
munication through the voice-pipe from the hurricane deck 
to the effect that the contractors could now do what they 
piconet with the machinery. That message he repeated to 

r. Senne who was standiaog on the platform with Mr. 
Maxwell. answered “Ail right,” itness next saw 
Mr. Maxwell give the engines more steam and gradually in- 
creasing their spsed. At about thirteen minutes past one he 
heard a loud report, which was followed by a shower of steam 
and ashes on to the platform, and he was driven from the 
engine-room. He received scalds on the hands and face, but 
not sufficient to go to the hospital for, 

By the Coroner; He heard no orders to open the stop 
valves given by either Mr. Maxwell or Mr. Harding. 

By Mr. Jenkins: The notes which he was supposed to 
take were not for any official report, but only for the infor- 
mation of the chief inspector of machinery and the cap- 
tain of the Steam Reserve. It was not the duty of the naval 
engineers sent on board to eee whether the valves were 
opened. Were he to do so he would have neglected the 
special duty hs was sent on board to perform. 

By Mr. Adams: He had never known a safety valve to 
stick previous to the accident. 

By Mr. Thesiger : He had been an engineer for 18 years, 
and during that time he had had some experience of ma- 
ehinery. ite was acquainted with the kind of valves used on 
board the Tounderer. The object of the two valves was that 
should prions A happen to one the other would work. If 
one had stuck, the other valve would carry off the steam if it 
were constructed large enough. This was the object of the 
double: valve, and t were constructed for that purpose. 
The safety valves undoubtedly required examination from 
time to time. It was a matter of very great importance 
that they should be. His rule had been to move the hand- 
lift to the valves sometimes once, twice, and three times a 
week. The object of this was to prevent their sticking fast 
in their seats. They were liable to stick after cn eft a 
considerable time—say three months, It was possible, but 
he could not say that they would set fast in three months, 
The longer the period they remained in their seats the greater 
the probability that they would stick. As the non-hand-lift- 
able valves could not be raised, he thought it was necessary 
that they should be inspected at least quarterly, everything 
being ‘removed and the valve turned in its seat. Corrosion 
was not likely to set in if the valve was permitted to remain 
in its seat for some time, although there might be some 
chemical action. He could not say whether the chemical 
action would tend to make the valve sat fast. He would not 
guarantee that a valve would work freely in its seat which 
had not been moved for six months. Had he been in charge 
of the Thunderer’s machinery during the three years that it 
had been out of the hands of the contractors he would have 
moved the non-hand-liftable valves once in three months. 
He would not have trusted a non-hand-liftable valve after it 
had lain in its seat for three years. He would not say that 
expansion or contraction would have nothing to do with the 
sticking of the valve. If it had not been moved for three 
years, it would stick although correctly fitted in the first 
instance. He had never heard or known that a non-hand- 
liftable valve belonging to the exploded boiler had been 
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lifted out of ite seat. He had never heard of a case in which 
a safety valve had stuck under steam from the expansion of 
metal, and he was therefore unable to give any opinion on 
that subject. 

In answer to Mr. Hill, witness added that they had trials 
of machinery by the dockyard, and in these cases he imagined 
that the officials would examine the safety valves previous te 
the trials. 

[Mr. Hill read an Admiralty regulation to the following 
eflect:—‘ Engine contractors are to be allowed such pre 
liminary trials, under way, as they may consider necessary 
to get the engines in proper order for the official trial. A 
copy of these regulations to be given to the contractors or 
their agents attending the trial.” 

The contractors bad a prelimimary trial on the Monday 
and a second trial on the Wednesday, and some of their men 
had been on board for a week previously. Once removed 
from contact, an end would be put to the metallic adhesion 
of the bearing on the seat of a safety valve. Where the 
feathers are guided in their seat, if fitting too tightly, they 
might stick like a stopper in a bottle. . 

in answer to a question from Mr. Thesiger, put through 
the Coroner, witness said he did not know of any other case 
in which the Government had had charge of the engines aud 
boilers up to the time of trial. 

By the Coroner: The moving of the safety valves was not 
within his province. He had no local knowledge of the 
Thunderer, and no report would be made to him respecting 
the valves. 

in answer to the jury, the witness said it was just possible 
that the valve was raised toa higher temperature than the 
seat, and thus expanded more and stuck fast. He knew of 
no other cause for the sticking of the valve. He could not 
say how capillary attraction would have acted on the valve. 
The difference of pressures indicated in the engine-room and 
the stokehole (3 1b.) was unusual when the engines were 
standing. He had noticed the same difference in other ships, 
the cause being a defect In the gauges. He thought the 
feathered valves were not generally approved by officers in 
the Navy. They preferred those made with spindles, and 
what are termed mushroom valves. He thought engineers 
in the Navy would be satisfied with sending a fitter to open 
the stop valves. It was customary in the service now to 
engage fitters as engine-room artificers, who performed the 
duty which was formerly performed by engineers, and he 
would send one of those men to open a stop valve and would 
trust to his report that it was open. 

Thomas Jesse, leading stoker, examined by Mr. Bosanquet, 
stated that he remembered the lime being taken out of the 
boilers on the 19th of June last. He knew the hand-liftable 
valve of the exploded boiler had been lifted between that 
date and the explosion. He had lifted it himself three or 
four times during that period, and he was sure that he had 
lifted the valve off its seat. 

By Mr. Jenkins: He had nothing whatever to do with 
lifting the valve on the day of the explosion. 

By the Coroner: Asone of the class of stokers engaged on 
board at the time of the explosion, he was of opinion thit 
everything was working fairly on the part both of the con- 
tractors and the officers of the Navy. This was the opinion 
of ail his messmates, so far as he knew. He did not believe 
that any one knew that the stop valve was shut. He believed 
it was an oversight, the effect of which would be a loss of a 
boiler to the contractors. 

By Mr. Gayne: He considered that both of the con- 
tractors’ foremen properly did their duty, but they were 
br the impression, like the rest, that everything was ali 
right. 

By Mr. Thesiger : When he tested the liftable valves he 
worked all the spindles throughout both the stokeholes. 

By the Assessor: It was four or tive hours atter the ex- 
plosion that he saw the stop valve of the exploded boiler, 
and he did not think that any one had seen it before him. He 
was not able to say whether it had been altered before he saw 
it, but most of the people on board would not know where to 
go to get to it. 

By a Juryman: He was accustomed to rua the contrac- 
tors’ trials, and he had never known a boiler to be bottled up 
until they got to the measured mile and then to spring it 
open. He had been 16 years a stoker and he had never 
known such a thing. 

John Oliver, Chief Inspector of Machi Afloat at Ports- 
mouth, examined by Mr. Staveley Hill, said he had held his 
present position since July, 1870. He had been 30 years 
in the Royal Navy, and had in that time risen from a third 
assistant-engineer through all the ranks to his present posi- 
tion. He remembered the contractors’ preliminary trial 
on Monday, the 10th of July, and was on board the Thun- 
derer on that Py, The triai lasted about two hours. The 
machinery and boilers were uader the control of the con- 
tractors. 

Mr. Thesiger objected to the question. In the circular of 
Vice-Admiral Houston Stewart (which has already appeared 
in tne Times) it was stated that the Admiralty had distinctly 
relieved the contractors of the expense and responsibility 
of keeping the Thunderer in order :rom present 
time (April 5th, 1873) until they are properly tried and 
accepted. 

_ The Coroner said he purposed putting the meaning of the 
circular to the jury, but h» would not allow the circular to 
prevent the witness giving his opinion. 

Oa the question being put in a different form, the witaess 
statcd that the Admiralty and dockyard officials had no contro! 
whatever over the machinery on Monday, the 10th of July. 
During the trial the contractors did not consider the vacuum 
satisiactory, and on the Tuesday they fitted a pipe to each 
condenser to improve it. On the Wednesday, tae 12th of 
July, the contractors went down to run the measured mile. 
‘Tnat was unsuccessful, and on Friday they made the second 
attempt. He recollected Captain Waddilove, on the latter 
day, ordering Mr. Stevens to pass word down the voice pipe 
that the contractors might then work the engines as they 
liked. From the 10th to the time of the explosion the dock- 
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yard authorities had not the slightest control of the boilers. 
He had given no orders toaany one to overhaul or examine 
the machinery with a view to the trial. He did not do so 
because it was the duty of those who took charze of the ma- 
chinery and boilers t> do it. He was a member of the com- 
mittee to examine into the cause of the explosion, and was 
prosent at the experiments and investigations that were made. 
He remembered steam being got up in the port after boiler 
in the after stokehole on the 4th inst. The boiler was an 
exact counterpart-of the exploded boiler. As a part of the 
experiment they delivered the whole of the steam from that 
boiler through the safety valve; and while that was being 
done he went on deck to observe the indications while the 
steam was being so delivered. The steam was rushing out of 
the waste steam pipe with a great noise, while on the day of 
the explosion there was none at all. On the 4th there was 
so much noise that he heard it in the engine-room. In look- 
ing twice towards the steam pipe, about seven minutes pre- 
ceding the explosion, he saw a white feather of steam coming 
out of the pipe, but without any noise. The feather of steam 
might have been produced by the few engines which were at 
work. From what he saw on the 4th inst. the passing of the 
steam from the exploded boiler would have caused a noise. 
From tho fact that it did not he concluded that the safety 
valve was not working. During the investigation he 
examined the safety valves of the exploded boiler when the 
valve box was opened. The valves were clean, and there 
were no signs of corrosion on either of them. He believed 
that the reason why they did not work on the 14th, was the 
expansion of the valves in their seating. Those which he 
had seen he considered too tight for any practical purposes, 
and he had seen nearly all of the valves on board the 
Thunderer. 

By the Coroner: Constantly heating the valves, seeing 
that the coating is brass and the surroundings of iron, would 
make the brass coating to creep intv a small diameter. He 
had wit d experiments corroborative of this view. He 
had seen a brass bush driven tightly into a cast-iron rim, and 
then heated and allowed to cool, when the brass bush on cool- 
ing contracted and fell out. 

In answer to other questions, the witness said he believed 
that about three years ago the valve boxes were opened by 
the Government officials, but he did no see it done. The 
object of the opening was to ascertain correctly the load to 
which the safety valves were weighted. This was the only 
purpose so far as he knew. They must have been measured 
to get the weight to the square inch. It was not for the 

arpose of ascertaining the extent of the clearance, so far as 
fe was aware. He considered that the vaives in being made 
with so little clearance were not made properly, and that hai 
they been made with more clearance and less nicety it was 
his opinion that they would not have stuck. 

By Mr. Thesiger: He had seen other machinery of Messrs 
Humphrys’ put into other vessels. The Thunderer was about 
the fifth that he could recollect. In all these cases there 
were two safety valves to each boiler, all of which had 
worked satisfactorily, so farashe knew. He had seen new 
safety valves on two occasions stick on locomotive engines 
through expansion. This was in 1843, and since that time 
he had never known another instance except on board the 
Thunderer. When the weights were taken out to be properly 
adjusted, the work w be done by ,the factory people, 
superintended, he thought, by an outdoor foreman, but 
he knew nothing of the subject, qs it was out of his province 








altogether. He was aware that the chief engineer of the 
dockyard was responsible for taking out the weights of the 
safety valves when the engines are first put into a ship, 
in order to take the load on the safety valve. The chief 
engineer of the dockyard would be a person well acquainted 
with safety valves. It was his idea that the measurements 
were not made for the purpose of the measured mile. 

Mr. Thesiger read the following paragraph from Circular 
No. 39, for the guidance of the Steam Reserve: “ Prior to 
all trials at the mile of new engines and boilers, or of those 
which have been extensively repaired, each safety valve is to 
b> taken nut by the chief engineer of the dockyard and 
measured, and its weights weighed, in order that the exact 
loai may be entered in the report.” 

Cross-examination continued ; For the purpose of marine 
safety valves made after the weighted type of the Thunderer 
they need to be made a better fit than the safety valves of 
land engines to meet the rocking of the ship. He thought 
engineers were generally of the same opinion as himself. 
If the feathers ot the web were too slack, the rolling of the 
ship made the valve slip upon the face and cause it to leak. 
That was not a danger to which land engines were exposed. 
The frequent heating of safety valves caused the seating to 
creep in. If steam was often got up, this creeping action 
might set in in six, eight, or ten months. He referred toa 
ship in commission. Two of the three valves belonging to 
one of the three-furnace boilers had been transfixed on their 
seats. These valves had been taken out for the purpose of 
being weighted in May, 1873. When the valves were put in 
their right seats, they did not stick, but lifted, though not so 
freely as he should have liked. They rose at a pressure of 
30 1b. He had never seen any safety-valves tested as these were 
during the investigations inthe dockyard. He did not know 
what the valves of the exploded boiler werelike previous to the 
explosion. He saw them afterwards, and they were all knocked 
to pieces. There were marks in the seating of the valves to 
show that the wings were bearing against the body of the 
seating. 

The jury here examined the marking of the valves in the 
room. 

Ona resuming, the Coroner remarked that Mr. Bramwell 
had attachei little importance to these markings. Indeed, 
they were so slight that Mr. Bramwell would not undertake 
to point them out to the jury. 

ross-examination continued: He agreed with the evidence 
of Mr. Bramwell, in which he said: ‘I can, therefore, only 
suppose, unlikely as it undoubtedly appears, that both the 
safety valves of the exploded boiler, on being first heated as 
they were from cold water in the boiler on the morning of 
the 14th, remained stuck down in their seats.” This was 
merely an inference from what he saw of the behaviour of 
the working of the three-furnace boiler. He had no superia- 
tendence or charge of the Thuaderer’s engines beyond going 
on board twice a week during the latter part of the three 
— with the exception of the time that he was in India. 

e returned in the middle of May and he visited the ship 
until the time of the contractors coming down. The valves 
worked well enough when cold. He never saw the safety 
valves before the explosion. He never opened the safety 
valve boxes during the three years, as the engines were 
never in the Steam Reserve proper. There were assistants 
sent from the Steam Reserve to keep them clean, to save the 
contractors’ expense of sending a man down. [his was for 
the purpose not of keeping the engines in order, but to keep 
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them clean and to preserve them from deteriorating. That 
was in axcordance with the way in which he read the 
Admiralty Circular. 

The Court here adjourned. On resuming, 

Mr. Oliver said he wished to correct the above statement. 
The duty of the Steam Reserve assistants would be to work 
the valves, clean the engines, and keep the machinery from 
deteriorating. 

Mr. Thesiger remarked that he had been considering the 
matter during the adjournment, and he did not propose to 
ask Mr. Oliver any further questions, as he had got the 
points hegwanted from the other witnesses. 

In a to questions from the jury, witness stated that 
he had never heard a complaint from the contractor that 
the machinery had been in any way neglected. It was quite 
competent to see the valves opened on the morning of the 
trial had they thought it necessary. 

Mr. Thesiger said they were willing to admit that the 
ante rs had command of the engines for the purposes of 
the trial. 

By the Assessor: They had small open safety valves fitted 
to some high-pressure engines in Her Majesty’s service, but 
he had only seen them on board the gunboats built during 
the time of the Crimean War. They worked quite satisfac- 
torily, and he considered them an additional safeguard. 
Were the open safety valves attached to the boilers of the 
Thunderer, they would have given warning long before the 
bursting pressure had been reached and thus have prevented 
the explosion. The valves could have been tested by hand 
by any of the stokers, and there would have been no objec- 
tion to their doing so. He had seen them at work himself. 
They were small, open valves, half an inch in diameter, 
made of brass, both in the seating and the valve. They 
blew directly into the stokehole, and were affixed directly in 
the front of the boiler, fitted with a lever, and loaded with a 
weight that slid along the lever, so that the maximum load 
could not be exceeded. The load, however, could be reduced 
whenever required. The boilers that he had seen worked at 
60 lb., and the small open valve was loaded to 65 lb. This 
valve was made of the same metal throughout and was in 
open view in the stokehole. If excessive pressure were pro- 
duced from any cause, the little valve would give warning. 
He was prepared to recommend the general adoption of these 
safety valves throughout the Navy. The safety valves of 
the Thunderer were of the usual kind employed in Her 
Majesty’s Navy—that is to say, either with wings or a 
central spindle, termed mushroom valves. He considered 
one valve as are as the other; both being good. When the 
valve-box is heated by the steam the valve seat might be 
thrown slightly out of the true horizontal plane, but not 
sufficiently to make the valve spindle bind against the guide 
at the top. This might keep the valve from rising. He 
had never known the valve spindles to be bent in a seaway 
from the action of the weights. He would recommend that 
the clearance at the top of the valve should be increased. In 
the stokehole of the Thunderer they laboured under a dis- 
advantage in the dark, as it might be possible for a man to 
reverse the cover in the safety-box, but he had never seen 
such a case in his experience. The reversal might have in- 
terfered with the action of the safety valves; but in the 
Thunderer such a mistake could not arise, as the bolt holes 
would not match. He thought it very remarkable that one 
of the stop valves should not have beenopened. Oversights, 
would, however, occur, and this showed the neeessity for the 
small open valves being adopted. The experiment with the 
flat stayed sample chamber showed that such surfaces were 
weaker than he expected, and he believed it desirable that 
there should be farther experimental researches in that 
direction. He was prepared to advise, as far as he was at 
liberty to do so, the prosecution of such experiments by the 
Admiralty ia the interests of public safety. To sum up, he 
agreed with Mr. Bramwell in the conclusion that the explo- 
sion did not occur from any weakness of the boiler, which 
was of excellent material and workmanship; that the boiler 
did not burst at the ordinary working pressure, but at one 
much in excess of that point, probably about 100 Ib. on the 

uare inch; that the excessive pressure was due to the 
sticking of the satety valves; and that the sticking occurred 
in the ordinary working of the engines, and that it was not 
due to tampering or jockeying of any sort. 

_ By the Jury: He did not believe in the divided respon- 
sibility of contractors and Admiralty where it could be 
avoided. Witness said he could not answer the question as 
to the interval of time that should have elapsed between the 
fixing of the engines on board the Thunderer and their trial, 
4s 1t was not a question of engineering. 

By Mr. Hill: The amount of clearance either in a marine 
or in a land engine would not be such as to allow the valve 
to rock, 

Before the Court adjourned for the day, Mr. Bramwell 
said that Mr. Thesiger had called his attention to the fact 
that it might be inferred from his evidence as it stands that 
he was giving it as his opinion that both the safety valves 
of the exploded boiler had been free when cold and had 
become stuck fast in consequence of their being heated from 
cold. With respect to the hand-liftable valve that was his 
opinion, because it had been clearly proved that the valve 
had been quite asentiy moved when cold; but with respect 
to the non-hand-liftable valve, it might have been free when 
cold and have stuck owing to its being heated from cold, or 
it might have been sticking in its seat when cold, as no evi- 
dence had been given that it had been recently lifted. In 
Point of fact, Mr. Bramwell added, it was a non-hand-liftable 
valve which had stuck during the experiments. 

The Court then adjourned. 


Firrzesta Day—Wepyespay, Aveust 30. 


At the beginning of the sitting the Coroner induced Mr. 
Bramwell to explain, by a reference to the drawings on the 
how some part of the discrepancy in the pressures be- 
tween the boiler and stokehole gauges, referred to by Mr. 
Swanson, could be accounted for from the different lengths 
of pipe attached to the gauges. The Assessor also elicited 








the information that the higher temperature of the ga in 
the boiler-room, from thoi being afixed to the plates of the 
boilers, would cause them to indicate a greater pressure than 
those in the engine-room. Mr. Fletcher had no doubt that 
had a piece of wood been interposed between the boilers and 
the gauges they would have shown a fall of a few pounds. 
Eventually , the statement was entered on the depositions as 
follows: “The fact of the pressure gauges in the boilers 
showing a higher pressure of three pounds than the gauge 
in the engine-room was accounted for ly by the column 
of water in the siphon tube by which the gauges were con- 
nected with the boilers, and portly by the heating of the 
auges affixed to the boilers by their proximity to them. 
ese two causes, combined, it may be, with some irregu- 
larity in the gauges themselves, would make the boiler gauges 
what is termed “ a little too fast,” and indicate some two or 
three pounds in excess, which would, however, be on the side 
of safety. 
Thomas Harding, one of the contractors’ foremen who 
had charge of the Thunderer’s boilers on the day of the ex- 
losion, was the first witness called. In answer to questions 
. Mr. Bullen he said that he had for the last 40 years been 
engaged in the profession of an engineer, and for the last 
twenty-four years he had beenin the employment of Messrs. 
Humphrys and Tennant. The late Mr. Hum — was the 
chief engineer at the Woolwich Dockyard, and while he was 
there witness was employed as leading man afloat under 
him. Messrs. Humphrys and Tennant constructed engines 
for both the English and foreign Admiralties. He had super- 
intended for them many of the trials of that machinery, and 
among other ships he had attended trials on board the 
Sappho, the Nassau, the Juno, the Sylvia, Pallas, Dido, and 
Active. At none of the trials had he met with an accident 
similar to that of the Thunderer. He had never met withan 
accident in all his practice before. On the 14th of July he 
went on board the Thunderer about eight in the morning, 
and about ten o’clock he saw Mr. Slade and asked him to 
send down the steaming party, which he did. He was in 
charge of the stokeholes, Mr. Maxwell being in charge of 
the engine-room on behalf of the contractors, In the after 
stokehole he had as his leading men Downs and Adams anda 
man whom he did not know. Downs was a certificated en- 
gineer from the Board of Trade. He was a man —_ 
by the firm ; and Adams was a man lent by the dockyard. 
Tothe best of his judgment and from what he saw of the 
men he considered them thoroughly efficient for their duty. 
Witness went down into the stokehole shortly after ten. He 
went first into the forward stokehole, and then into the after 
stokehole. He there saw Downs and Adams, and gave them 
orders to open the stop valves, and he saw them go together 
to execute that order. There was a portable iron ladder in 
the stokehole for the execution of such orders. He saw 
Downs pick up the ladder and carry it from the port side 
to the starboard side. Adams was close to him. In order 
to get to the stop valves they would go out of his sight. He 
did not see Downs mount the ladder. They were from 
four to five minutes away, and in the mean time witness 
worked his way into the forward stokehole to examine the 
water gauges. He afterwards went back to the after stoke- 
hole, but not until he had seen Smith and Wittle. On 
etting back he found that Downs and Adams had returned. 
Witness asked whether the stop valves were opened, and 
Downs answered “ Yes.” He had sufficient reliance on the 
men to believe that the orders which he had given them 
had been carried out. Shortly after that he went on to the 
lower deck, and soon after again went below. In passing 
through the after stokehole he saw Adams on a ladder, in 
front of the exploded boiler, engaged in examining the 
steam gauge. Downs was standing at the foot of the 
ladder. Witness asked Downs what Adams was doing, and 
he replied, “Trying to start the steam gauge.” He told 
Adams to shake the pipe, thinking that would “jar” the 
teeth clear if they were foul. He saw him shake it, but it 
did not move. He then told Adams to disconnect the 
pipe, and he did so by unscrewing the nut at the bottom of 
the cock. Upon this being done there was an escape of 
steam, and witness thought that some scale or grease blew 
out of the pipe, but it might have been the termination 
of the water in the pipe. @ pipe was again connected. 
After it had been reconnected it did not work, and the 
glass was then taken out. Adamsjbroke the glass, and upon 
this the pointer fell back again. Witness then said to 
Downs, it was no use playing with it, as ,- A could not 
depend upon it if it could be got to work. y had got 
seven others, and the boilers were all as one. Downs said, 
“That’s all right.” Witness looked at the other steam 
gauges, and they were, as far as he saw, all working pro- 
perly. At that time he had not the slightest doubt that his 
orders had been carried out, and that the stop valves were 
open. In his opinion he was justified in working with one 
gauge—that is to say, if he had been at sea on a homeward 
voyage and could not have got a gauge, he would have been 
justified in bringing the ship home with one gauge as 
Lag as he kept his boilers connected. He believed at the 
time that all his boilers were connected. At the time of the 
explosion he was at the ryan | at the starboard side of 
the engine. This was not many fee? from the stokehole. 
The explosion blew him down in a crouched position. It 
“took his back” and thrust him forward, and he clutched 
hold of a stanchion as he fell on his knees. He stooped 
lower, as he felt it was too hot to breathe, and put his 
mouth to the floor-plates. He could form no idea how 
long he remained there, but he was assisted up the ladder 
by a man named Booth snd some others whom he did not 
know. This was the ladder leading from the engine-room. 
He got to the lower deck, and afterwards went into the 
engine-room as soon as he recovered his senses. He did 
not find Mr. Maxwell there when he first went down, but 
he came down ney He heard 
thing about starting the engines. 
sea di were open, and it was then that he saw Mr. 
Maxwell. Witness asked him to get his engines away as 
soon as posssile. He asked witness to give him a p 





when the engines were Black, a leading man, being 
at the gear when he turned round from the engine-room. 
So far as he was concerned, he had not yet got over the shock 
by a long way. 

By Mr. Jenkins: He saw the safety valves lifted on the 
morning of the explosion. He meant “ lifting” that he 
saw the gear turned to lift them. This was shortly after 
ten, while the fires were being lighted, everything being 
cold. He did not see whether the valves lifted freely or 
not, but he saw Downs at the gear, and he knew what he 
had to do as well as witness did himself. He could not say 
whether he saw any steam blow off from any of the boilers. 
It was very light if it did, because of the directions to ke: 
the steam and not to allow it to blow off to be hea 
There would have been only a waste of steam and water 
had he not done that. He would have heard the steam 
had it been blowing off strongly. They always had to 
close the stop valve of some particular boiler while under 
steam, They never got through a trial without it—that is, 
when there was more then one boiler, Fiist, they had to 
run the full boiler power, and then they ran under half 
boiler power, and to do that they had to shut half the sto 
valves to cut one-half of the boilers from the engines. Hi 
the safety valves been in proper working order, no harm 
could have happened from the re valve have been closed. 

By Mr. Adams: They might have had 4 lb. of steam in 
the boilers at 11 o’clock. He fully believed in all that Mr. 
Bramwell had stated as to the cause of the explosion. The 
fires were not kept going until the pressure gauge was broken. 
The fires were checked as soon as there were 9 lb. of steam. 
That would be a few minutes after 11, or about a quarter of 
an hour before he saw the gauge. He spoke of the whole of 
the boilers as one boiler. Questioned how he explained the 
fact that if the fires were checked when a pressure of 9 lb. 
had been reached, the gau indicated a pressure of 26 lb., 
witness said that although the fires were checked, steam 
would still be generated by the slow combustion. The steam 
would always run up under these circumstances, and that 
was the reason why they checked the fires early. The reason 
why the stop valves were opened before getting up steam was 
because he always made it a practice of doing so to prevent 
the spindles jamming from expansion. He was inclined to 
think go tlien, but he did not at the time, that the safety 
valves of the exploded boiler were jammed at a quarter past 
11. He could not give an opinion as to what pressure there 
was in the exploded boiler at the time the pressure gau 
went wrong, but 60 lb. was about the pressure at which it 
would blow out. 

By Mr. Hill : He went on board on the 10th of July, and 
remained on board until the boat brought the men on shore. 
He was also on board all day on the -Tuesday, Wednesday, 
and Thursday, and on the Friday, until the ship went along- 
side the wharf after the explosion. 

By the Jury: The pressure on the gauge on the ex- 
ploded boiler at the time it burst was, to the best of his 
belief, from 18 lb, to 20 1b. He could not say whether the 
valves fitted too tightly from the state in which he had seen 
them. He had examined the valves very closely,and he had 
not seen the slightest indication of them having been too tight. 

By the Assessor: He could not at all explain why Adams 
or 7, Bored had omitted to open the stop valves on the ex- 
ploded boiler. They could not have supposed that the boiler 
would not have been required until a later period of the trial. 
He had known men to commit oversights before, but he did 
not attribute the explosion to a like oversight, but to the 
safety valves being inoperative. In his estimation there 
would at least be 500 stop cocks or valves on the Thunderer. 
He saw the pointer of the gauge standing at zero after 
Adams had disconnected the steam pipe, and he understood 
from Downs that the gauge had not started, which implied 
that it was standing at zero. He could not see from the 
distance at which he stood whether the pointer was standing 
on the right or the wrong side of the pin. He had never 
seen a pointer carried rcund’to the wrong side of the dial 
before. When Adams disconnected the pipe from the stop 
cock of the pressure gauge he was bound to shut the stop 
cock, otherwise the handle would have prevented his applyin 
the spanner, He thought the closing of this stop coc 
satisfactorily accounted for the pointer remaining at the zero 
stop pin, although on the wrong side, as it would bottle up 
or confine the pressure within the gauge, There was nothing 
unusual in the construction of the safety valves so far as the 
combination of the brass seating with the cast iron box was 
concerned. The valves were in general use in the Navy, and 
they were so made at Woolwich Dockyard when he was 
there, not only by contractors, but by the Government them- 
selves. His experience led him to believe that brass seatings 
would gradually creep smaller. He had eeen instances of 
this, whether the seatings were made entirely of brass or cast 
iron, lined with brass. This coooying action rendered it 
necessary to “ draw file’’ the feathers of the valve to increase 
the clearance in order to prevent their sticking. He had 
frequently treated valves in that way himself. The majorit 
of the safety valves he had seen had the brass seatings made 
with a flange, and secured with bolts as in the safety valves 
on board the Thunderer. He thought it quite le that 
the long spindle at the top of the valve might bind against 
the side through movements of parts in consequence of ex- 
pansion when heated by steam. Such an action would in- 
terfere with the lifting of the valve, and such interference 
would be more likely to occur when getting up steam from 
cold water, because the expansion would more unequal 
at such time. If the —— which carried the weights were 
in one piece and the valve in another the binding action just 
noticed would be less likely to occur. It was quite possible 
even for a careful and competent man in testing the safety 
valves to think he had raised them from their seats when he 


had not done so. He thought this an ar mt for the 
rey tog 2 of a small safety valve, and that such a valve would 
be bank entan 008  es From his 
experience he would Had 


unreservedly recommend them. 
the Thunderer had these valyes they would have found out 


ull | that something was wrong. 
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Mr. Hill said that if by the expression of Mr. Harding’s 
belief that even a com ¢ man might think that he had 
lifted the valves without having done it, was meant to 
throw any doubt on Mr. Foote’s evidence that he had 
opened the safety valve of the exploded boiler on Friday, he 
would have to recall Mr. Foote, who could prove that he had 
opened it, and that the air which escaped had blown a light 
out. 
Mr. Harding said that was not the same boiler, where- 
upon Mr. Hill said he would recall Mr. Foote to e that 
it was. Ultimately, however, Mr. Harding said that he did 
not mean his statement to refer to any one in particular, 
and the following addition was added to his deposition : The 
safety valve of the exploded boiler was lifted on the Thurs- 
day, and the boiler was run full of water to the working 
height without any back pressure from the air, which would 
not — been the case had the safety valve not been 
opened. 

Mr. Thesiger said he did not propose to call Mr. Max- 
well, who had charge of the engine-room, unless he was de- 
sired by the Coroner and the jury. His only purpose in call- 
ing him would be to show that he had done his duty on the 
day of the explosion, but so far as the evidence hed gone 
there was nothing for Mr. Maxwell to reply to. He also 
understood that Captain Waddilove would make a statement 
at the conclusion of the inquiry, which would show that Mr. 
Maxwell was at his post at the time. 

One of the jury intimated that he would ask Mr. Maxwell 
a question after the adjournment. 

On the Court resuming, Mr. Robert Maxwell was called, 
and said he took the superintendence of work outside the 
factory, such as the trial of ships. 

The Coroner said there were no imputations on Mr. Max- 
well, and he would leave the questioning of the witness to 
the jury. 

By Mr. Gayne: He did not recollect the conversation re- 
ferred to by Mr. Swanson. He did not deny that it took 
piece, and if he were asked whether the stop valves were open 

e should have answered “ Yes,” because he had received 
steam as indicated by the engine-room gauge, which he could 
not have done if the stop valves had not m opened, and 
because, also, Mr. Harding had the charge of the stokehole, 
and he relied entirely upon him. He known Mr. Hard- 
ing 20 years and always found him a careful and trustworthy 
man. He corroborated the statement of Mr, Harding, so far 
as he had the means of judging. 

Mr. David Phillips,a member of the Admiralty Boiler 
Committee, a mechanical engineer, and a member of the In- 
stitution of Civil Engineers, examined by the Coroner, said 
he concurred with the evidence given by Mr. Bramwell as to 
the causes of the sticking of the safety valves. 

By the Assessor: He had attended the investigation con- 
nected with the Thunderer explosion. Asa branch of that 
investigation he had conducted some experiments to ascertain 
the effect of the sticking of the safety valves as regards con- 
traction and expansion. His first experiment was to ascer- 
tain if by any means it was possible tor the valve seating to 
become covtracted by repeated heatings and coolings of the 
sextings, and for that purpose he, with the concurrence of 
the assessor and Mr. Newman, of the dockyard—the contrac- 
tors not being present—asked that the steam from one of the 
dockyard boilers might be turned on to the first box that was 
experimented upon, by opening the communications three 
times a day between the boiler and the valve box, allowing 
the lower chamber of the box to become thoroughly heated 
before the steam was shut off on each occasion. The steam 
during that week was turned on and off 17 times, which al- 
lowed the box to get cool between each heating. [t was his in- 
tention to obtain a pressure of 30 lb., but afterthe experiment 
was over he ascertained that the pressure had only averaged 
22 Ib. per square inch, which would be equal to a temperature 
of 263 deg. Fahrenheit. One of the eeatings, that in which 
the first valve had so repeatedly stuck, he had carefully 
gauged before and after his experiment, and he found on 
comparing the two sets of gauges that the seating had con- 
tracted .0U307 inch, or nearly two thicknesses of foreign 
post. It would take 570 thicknesses of the paper to make 
aninch. On gauging the bore, of the seating on which the 
wings of the valves worked he found that the upper part 
had crept into a smaller diameter, so that it was conical. 
It was somewhat conical before the experiment, but it was 
more so afterwards. The seating was no doubt bored to be 
parallel, so that any departure therefrom was due to the 
expansion of the brass in consequence of repeated heatings 
and coolings. A difference of the clearance between the 
edges of the feathers and the bore of the seating, equal to 
the two thickaesses of the paper already produced, made the 
difference between a valve woich worked freely and a valve 
which stuck. Witness then gave the play of the valve which 
had worked without sticking. That amounted to .003s91 
inch, which is equal to one thickness of foolscap paper, or 
vesth part of an inch. He compared the gauges of the 
two valves—the one which stuck and the one which did not 
stick — belonging to the port five-furnace boiler, to ascertain 
the difference in the clearance, or the amount which 
would be suffivient to cause the valve to stick. With 
a view of ascertaining the difference of the temperature 
between the valve and its seating which would lead the valve 
to stick, he carried out the following experiment:—The tem- 
perature of the seat was 70 deg., and on trying the valves at 
a temperature of 175 deg. the valve would not enter. At 
150 deg. it wept in one inch ; at 142 deg. it went in one inch 
and three-quarters; and at 131 deg. he was able to get the 
valve into its seat by pressing with his whole weight. At 
129 deg. the valve went in by its own weight. This would 
only be a difference of heat between the seat and the valve of 
61 deg. Ia otner words, that difference would be sufficient 
to make a valve stick fast. With a view to illustrate the 
action on gun-metal when tightly bound in cast iron aad 
expose! to varying temperatures in a more exaggerated 
form, he got a ring of cast iron accurately bored out and a 
gun-metal bush tightly fitted into it. The disc was then put 
in'o a bath of molten tin at a temperature of, say, 450 deg., 





in which it was allowed to remain for half an hour. It 
was then taken out and placed on the ground to cool. The 
effect of the one heat upon the gun-metal bush was to 
make it loose, so that it might be taken out. His deduc- 
tion from the experiments was that the seatings not from 
the exploded boiler alone, but in all the others, had con- 
tracted more or less. These experiments confirmed the view 
that safety valve seatings made of brass when bushed as on 
board the Thunderer would gradually become contracted 
when repeatedly heated and cooled. He had made prior ex- 
periments with the same result, He had never met with a 
case of gun-metal valves sticking in their seats from bein 

allowed to lie idle without lifting for a considerable length o 
time, but had heard and read of cases in which safety valves 
had stuck under similar circumstances. He would recom- 
mend that the Admiralty Boiler Committee experiments 
should be extended to ascertain the effects of contraction and 
expansion upon safety valves. The Government were now 
making their safety valve boxes entirely of gun-metal, 
which, he thought, would reduce the disadvantages attend- 
ing upon a combination of metals. He was thoroughly of 
opinion with regard to the rolling of a vessel in a seawa 

that had the Thunderer been sent to sea after, say, two trials 
of her machinery, as @ merchant steamer would have been 
sent, and met with a beam swell, that the sad catastrophe 
would have been averted. He believed that the valves would 
have freed themselves [from the rolling and would have 
worked satisfactorily. 

This concladed the evidence, and after Captain Waddilove 
had read a statement in which he recorded the admirable be- 
haviour of those on board after the explosion, the Coroner 
briefly summed up, and at half-past four the jury retired to 
consider their verdict. 

On their return into court at five minutes past seven, the 
Foreman announced that they had arrived at a unanimous 
verdict—" Accidental Death, caused by the explosion of the 
starboard boiler of the after stokehole of Her Majesty's ship 
Thunderer, on July 14, 1876, the explosion resulting from ex- 
cessive pressure upon the boiler, consequent upon the genera- 
tion of steam in it, the stop valves being shut when the 
safety valves of the boiler were inoperative. The accident, 
therefore, is due to the sticking of the safety valves, from the 
contraction of their metal seats, but the stop valves being 
closed we consider as contributory to the accident,” The 
jury would recommend, first, in future, if any derange- 
ment of the pressure gauge of any boiler occurs, that care 
should be taken to ascertain if the communication is free be- 
tween it and the other boilers. Second, that an additional pin 
should be inserted in the posemee gauge at the highest pres- 
sure the gauge is intended to show, and, if possible, an orifice 
similar to that in the aneroid barometer should be made in 
the disc of the pressure gauge so that it might be possible to 
see if the sector is out of gear, and, further, that pressure 
gauges should be fitted which are capable of indicating a 
pressure double the pressure at which the safety valve should 
rise. Third, that easy meanewithin the stokehole should be 
devised to work the stop valve, or if practicable, that a signal 
similar to a railway dise should be thrust out in the stokehole 
by the action of the stop valve screw which shuts the 
communication, so that it may be readily seen by those in the 
stokehole. Fourth, that a small safety valve should be fitted, 
weighted a few pounds in excess of that which the main safety 
valves are expected to blow off. Fifth, that the Admiralty 
should cause further scientific experiments to be made into the 
e onstruction and strengthof flat stayed surfaces, for the benefit 
of the public generally. Sixth, the jury also consider it their 
duty to add that the evidence age prone: | shows that 
the boilers of the Thunderer were of excellent material 
and workmanship. The jury aiso requested the Foreman, 
at the close of the inquiry, to express their satisfaction 
at the impartial manner in which the Coroner had 
conducted it, and to express their thanks to Inspector- 
General Smart for the kindness shown them. They also 
desired to express their great satisfaction at the report 
Captain Waddilove had read respecting the behaviour of 
officers and men after the explosion, both on the part of 
those employed by the Government and the contractors, 
and their sympathy with the sufferers and bereaved. They 
were also extremely gratified to hear from the unfortunate 
sufferers themselves of the untiring kindness shown them 
by Dr. Smart and the medical officers and nurses of the 
Royal Naval Hospital. 

th the Assessor, Mr. Fletcher, and Mr. William Parker, 
the chief engineer and surveyor to Lloyd's, who represented 
the contractors on the scientific inquiry, had prepared reports 
giving the results of their researches, but they were not 
read, and were only placed in the hands of the jury after 
they had given their verdict. 


Avuxtuiary Sarery Vatves.—The small auxiliary 
safety valves for the fronts of boilers as recommended by 
Mr. Bramwell at the Thunderer inquest, have been in use at 
Devonport and Keyham yards for the past ten years. They 
were ordered to be affixed to all boilers by Mr. Bannister, 
then third engineer at Keyham, now Assistant Consult- 
ing Engineer at the Admiralty, in consequence of the ex- 
plosion in Chatham yard. 


A Untrep Srares Loan.—The Government of the 
United States of America has issued invitations for sub- 
scriptions to a 4} per cent. funded loan, to the extent of 
300,000,000 dols. ‘he bonds for this loan are issued in 
accordance with the Acts of 1870, 1871, for authorising the 
refundingof the National Debt, and the proceeds of the issue 
will be devoted to redeem and cancel an equal amount of 
6 per cent. bonds. The bonds are for gold, and the in- 
terest therein will also be paid in gold free of all taxes or 
duties. The rate of issue is 103/. 10s. for each 500-dollar 
bond, and payments have to be made in five instalments, 
the last on the 22nd February next. Messrs. 
child and Sons, Messrs. J. S. Morgan and Co., and Messrs. 
Seligman Brothers, are engaged upon this large financial 
operation. 
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BEMENT’S MILLING MACHINE, 

WE illustrate on page 179 one of the forms of milling ma- 
chine constructed by Messrs. Bement and Son, of Phila- 
delphia. This machine is adapted especially for gunwork, and 
no less than 150 of the same pattern were supplied not long 
since to one firm, employed in filling a large European order 
for small arms. One special feature of the machine con- 
sists in the fact that that portion of the frame carrying the 
driving pulleys, mandrel, and headstock arm turn around a 
centre, corresponding with that of the driving pulley shaft, 
so that the mandrel and milling tool can be set to any 
desired angle without affecting the length of the driving 
belt. As will be seen from the drawing, the machine is 
provided with three-speeded pulleys, and can be fed either 
by hand or by power. If the former, the worm shown is 
thrown out of gear and the handwheel employed. The 
table to which the work is secured has a universal move- 
ment 12 in. in one direction and 44 in. in the other. 





BREGUET’S NEW MAGNETO-ELECTRIC 
MACHINE, 

Tue magneto-electric machine we illustrate on page 182 
bears a close resemblance to that known as Clarke’s induction 
apparatus. The English physicist caused two bobbins of in- 
sulated wire to reyolve rapidly in front of the poles of a per- 
manent magnet. Two currents alternately direct and inverse 
were induced in the rotating wire; and these, by means of a 
commutator, were made to flow always in the same direction. 
By increasing the rate of rotation, the number of currents in. 
duced in the wire in a given time was likewise increased, 
and thus a current almost continuous was generated. But 
however rapidly the currents were made they were not 
absolutely continuous. Mr. Alfred Niaudet Breguet recently 
commenced a series of experiments on the possibility of 
modifying the rotating bobbins so as to obtain a perfectly 
continuous electrical current. The experiments finally 
proved successful, and resulted in the machine which we 
illustrate to-day. 

The bobbin or coil employed is similar in its general con- 
struction to that of the Gramme machine. However, there 
were several difficulties of detail that had to be overcome, 
and the appliances introduced to remove these embody the 
originality and chief merit of this new apparatus. 

A circular disc is mounted on a horizontal axis ; twelve 
bobbins are inserted in this disc in such a way as to resemble 
the floats of a paddlewheel. The bobbins are connected 
together like so many elements of a galvanic battery, and 
thus they form one continuous length. The electrical 
condition of each bobbin when in movement may be inferred 
from Lenz’s law, namely, that an inverse current is induced 
when a conductor approaches a pole of a magnet and a 
direct current when it is withdrawn from that pole. Let 
the whole armature revolve in the direction indicated by 
the arrow in the figure. If we direct our attention to the 
bobbin adjacent to the pole marked N, we shall find that the 
current will be from a towards 8, that is the positive pole wil 
be a-+ and the negative pole b —. If we follow this bobbing 
during the semi-revolution from N to 8, we shall find it 
to be traversed by a current from a to 6; but during the other 
half revolution from S to N it will be traversed by a current 
opposite in direction to the former, namely from 6 to a. 
What we have said of the bobbin adjacent to the pole N is 
true of all the others. It thus appears that all the bobbins 
on the left will be traversed by a current in one direction, 
and that all these in the right by a current opposite in 
direction but equal in volume tothe former. The apparatus 
might not inaptly be compared to two distinct batteries con- 
sisting of six elements, each connected together for tension ; 
it must now be piain that all that remains to complete the 
analogy. is to unite these two batteries for quantity. This 
is effected by two metallic springs attached to two small up- 
rights which are the terminals of the magneto machine. 
Twelve strips of copper are disposed radially, and to them 
are attached the two adjacent ends of every pair of bobbins. 
The metallic springs are virtually current collectors ; and as 
they are always in contact with several of the radial strips, 
they must always be traversed by electric currents. Hence 
the perfect continuity of the current developed by this 
machine. 

This apparatus would be found particularly serviceable 
in all cases requiring high tension but small quantity. In 
this respect, as well as in its smaller bulk, and the facility 
now afforded of constructing cylindrical bobbins with very 
fine wire, it may possess some advantage over the Gramme 
machine. 





VrerLLe Montagne Zinc Company.—We understand 
that Mr. Henry Wood, of 17, Great y West- 
minster, has been appointed architect to this company, in 
the place of the late Mr. R. G. Fisher. 


REGISTRATION OF TRADE MarxKs.—After much anxious 
consideration on the part of the Registrar of Trade Marks, 
and consultation with the legal advisers of the Government, 
a revised edition of the rules for the registration of trade 
marks has been at length definitely The rules will 
probably be published to-morrow (Saturday). 
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NOTICE TO AMERICAN SUBSORIBERS. 

We beg to announce that we have gunn Messrs, Miller and 
Smith, 43, Exchange Place, New York, the sole agents for 
ENGINEERING in the United States, and all subscriptions for the 
United States will in future be payable to them. . Miller 
and Smith are also prepared to receive advertisements for 


ENGINEERING, and will afford full information as to terms, &., | P 


on application. 


THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr, JOHN BoGart, ¢he 
Secretary of the Society of Civil Engineers at the Cen- 
tennial Exhibition, will, until the close of that En- 
hibition, act as the representative of ENGINEERING, and 
communications relating to editorial matters may be 
addressed to him either at the Society of Civil Engi- 
neers’ rooms at the Main Building of the Exhibition, or 
at 1100, Girard-street, Philadelphia. 
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THE EXPLOSION ON BOARD H.MS. 
THUNDERER. 

THE protracted inquiry into the cause of this 
disaster has ended in a verdict which in a remark- 
able degree corroborates the views we have already 
expressed in these pages. In our number of August 4, 
we said, ‘The expansion of cast iron by heat is 
only one-half of that of brass, and the cast-iron 
valve chamber has this cooler flange round it, pre- 
venting it from expanding. It will depend upon 
the proportion between the metal in the two parts 
and their respective temperatures, whether the ex- 
pansion of the cast-iron valve chamber does not 
resolve itself into a contraction of the cylindrical 
portion containing the valve seat.” The verdict is 
accordingly; ‘‘The accident therefore was due to 
the sticking of the safety valves from the contraction 
of their metal seats.” “The minute explanation we 
gave on page 105 ante of the way in which a safety 
valve thatis just free in its seat when cold will become 
set fast when first heated, and how, until the cast- 
Iron valve box has been uniformly heated up, the 
effect of increased temperature may be a contrac- 
tion, and not an expansion, of the valve seat, justifies 
our objecting to Mr. Bramwell’s statement that 
the experiments, which proved that a valve might 
be _when cold, tight when first heated, 
and again free when the heating is’ con. 
tinued, were a surprise to engineers of ex- 

rience. The results were just what might have 

en predicted, and are in accordance with our ex- 
planations published before the experiments were 
made, Mr, Bramwell has not in any portion of his 





long report alluded to the contraction of the valve 
seat, so that, after all, the cause of the accident has 
not been communicated to the jury by Mr. Bram- 
well, but by Mr. Phillips, one of the Boiler Com- 
mittee, of which Me ee Murray Aynsley, C.B., is 
chairman, Mr, Phillips, acting independently in the 


| matter, tested the contraction by heat hypothesis, not 


for his own satisfaction, but to convince others, by 
boring out a heavy cast-iron ring to fit a duplicate 
of one of the brass safety valve seats so tightly that 
the valve seat had to be forced in. He put these 
into a bath of tin at 450 deg. and afterwards allowed 
them to cool in the atmosphere, When cold it was 
found that the brass valve seat had contracted to be 
slack in the cast iron. The non-allowed expansion 
of the valve seat had in this case produced a per- 
manent contraction of the valve seat, At 107, in 
our issue of August 4, we said, ‘‘ We believe that the 
safety valves of the exploded boiler were examined on 
the morning of the explosion when steam was rising, 
and we feel satisfied that the usual tests, or any 
test that could then have been applied, would have 
shown the valves to be apparently in good working 
order. ‘This is the fact we wish to be grasped by 
engineers in the Navy. If safety valves are as these 
seem to have been, their condition cannot be ascer- 
tained except by opening the box and gauging each 
valve and its seat, 

To prevent the recurrence of such a disaster, it is 
recommended that there should be on each boiler 
two small sentinel valves, in addition to the ordinary 
valves. Mr, Bramwell says one, but Mr. Fletcher 
suggests two on the model of Ramsbottom’s twin 
valves. Our recommendation was given on page 107, 
namely, to make the safety valves as they ought to 
have been made, with plenty of clearance, for there 
is practically no limitation to the allowable clearance 
of safety valves. Formerly, in marine practice, but 
one safety valve was fitted on each boiler, and 
some eminent steamship owners, themselves en- 
gineers, object to more than one safety valve, on 
the principle that if there is only one, it will be 
kept in order, but if there are two, as long as one 
acts, it will be believed both are effective, and when 

ushed for time at a port the angen will say, 
** Well I need not over my safety valves this 
time, if anything is wrong with one the other will 
act,” not knowing that for a long time he has only 
bad one acting valve. We do not ovaeere of only 
one valve, but in the interests of the mercantile 
marine we say that the line must be drawn some- 
where, and at two valves on each boiler we think 
the line ought to be drawn. We do not wish to 
make this sad accident more painful to those con- 
nected with it than it has appeared to the jury to 
be necessary to put it, but the many additions 
suggested seem to e an impression on the part 
of the jury that these helps ought all to have existed. 
In other words, the verdict practically says, that 
the accident is the result of the backw: ess of 
engineering providence, for while the conditions 
under which these boilers were to be worked were so 
hard, there were no sentinel valves on the boilers, the 
invention of the supplementary pin for steam 
had not come out, the open centre dial for steam 
gauges was not known, the railway danger signal 
had not yet been adopted for stokehole stop valves, 
and the Admiralty had not made their scientific ex- 
periments into the construction and strength of stayed 
flat surfaces. In fact, the boilers of the Thunderer 
were of excellent material and workmanship, but ac- 
cording to the verdict they have evidently been the 
victims of the backwardness of invention at the time 
they- were built. Had the verdict of the jury been 
simply accidental death we should have had no 
ground for objecting, but we protest against these 
added recommendations; the bursting was the climax 
of an accident which, although not criminal, we 
maintain was nevertheless utterly inexcusable. 

We do not by this remark mean to assign the 
blame to either party, but we say that the cause of 
the accident was not the absence of gauge pins, or 
sentinel valves, or danger signals, but the state of the 
safety valves ; let these be made rightly, and if with 
two safety valves on a boiler boilers cannot be made 
safe, let us give up making them. A sentinel valve 
added would be an insult upon engineers. If the 
safety valves in the Navy had been of the construc- 
tion almost universal in the mercantile service, the 
accident could not have occurred. In the mercantile 
marine each valve can be turned round in its seat, 
and in turning them when steam is raised any tight- 
ness can be discoveréd, whether it is due to 
original construction ‘or to dirt. We believe 
that the Thunderer was not in any way ex- 
ceptional as regards the state of the safety valves ; 





it happened, however, that not only were the valves 
too tight of the boiler which exploded, but the stop 
valve was also closed, and hence the explosion. 
Go into every other steamer of the same size 
with Navy safety valves, and when steam is up 
close all the stop valves and fire away, in trust that 
the valves are all right, and in an ion time the 
naval force of the world would probably be reduced 
more than by a year’s fighting. But to avoid this 
make the valves themselves rightly, and do not shift 
the responsibility on to sentinel valves and danger 


8. 

We intimated that the inspectors had made 
various experiments on a chamber made to repre- 
sent the exploded part of the boiler. We have not 
space this week to go | into those experimen 
but we give on page 187, Figs. 1, 2, and 3, views o: 
the first of these chambers. It went under hy- 
draulic pressure at 95 1b., one of the stays—the 
third in the top row from the right hadelis- dione 
through the plate at the rivetted end of the stay 
shown in the plan section. At this first test 
none of the stays had nuts on the sides represent. 
ing the uptake plate. When four of the stays 
were strengthened with nuts and four left simply 
with rivetted heads, another pulled through at a 
pressure of 105 lb. These experiments will be 
referred to again in Mr, Fletcher's report. It 
wasobjected to this experiment that the stiffen- 
ing which the uptake plate obtained from the flang- 
ing of the top was not fairly represented in this 
sample chamber. To meet this objection the 
chamber shown in Figs, 4.and 5, page 187, was 
made, but still objected to by Messrs, Parker, Hide, 
and Bourne looking on for ‘the contractors. The 
following is the result of the experiments on the 
second chamber, the figures under the reference 
letters giving the bulging at these points under the 
pressures stated in the first coluinn : 
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At 125 Ib. pressure the box chamber gave way at 
No. 6 stay (rivetted head), and four others had been 
ially forcedat the rivetted head, The bottomseam 
of the countersunk rivets leaked, and also the front 
seam marked d, and the inside vertical seam marked 
c', No. 6 stay was then taken out and a 14 in. one 
substituted, nutted at both ends. At 130 lb. pressure 
the chamber gave way at No. 7 stay, and at the same 
time the front plate cracked along the countersunk 
rivets froma to 5, onsketch. A 1} in. stay was put 
in and nutted on both ends, and the crack in the front 
plate made good witha strip of sheet india-rubber, and 
an iron plate ree iy oe it. At 120 lb. pressure, 
however, failure occ at No. 3 stay, this stay bein 
partly drawn through the front plate, the thread 
stripping. A nut and washer were then put on, and 
at 140 Ib. pressure the chamber gave way at No. 2 
stay, having a rivetted head. The chamber leaked 


gauges | very much along the bottom seam andalso at the back 


seam at c! and front seam atd. No.2 stay was then 
taken out and a 1} in. one substituted. Finally, at 
140 lb. pressure the chamber cracked along the 
bottom seam, the crack extending to e and i about 
2 ft. 6 in. in length, and not more than 140 lb. could 
be obtained. 

In future articles we may refer to these experi- 
ments, We give elsewhere a report of the evidence 
at the inquest, and a portion of Mr, Fletcher's re- 

. The publication of that of Mr. Parker we 
are compelled to defer until next week, 





PATENT OFFICE PUBLICATIONS. 
ABOUT a year ago we published a ph in 
praise of the manner in which the Patent Office did 
its work as far as the printing and publication of 
the specifications were concerned, We regret that 
we are no longer able to speak in the same terms of 
the department, as the work is falling into serious 
arrears and the quality of that work is deteriorating. 
Our readers need not be told that this is owing to 
the ill-judged alteration in the mode of “~ ting the 
specifications ordered by the Master of the Rolls, 
which have been frequently referred to in these 
es. ‘To make good our allegation of delay, we 
may state that only about 150 specifications of 1876 
have yet been issued, although eight months of the 
year have already expired. (It will be understood 

that the publication of the specifications must alw: 
tly six months in arrear, as that is the 


period allowed for taking the various steps in the 
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t of letters patent.) When we say that the 
Soplieations abel maa about 100 per week, it 
ill be seen that the arrears are somewhat formid- 
able. ‘There is in addition a large number of speci- 
fications filed before they are due, and these ought 
to have appeared some months ago. So much then 
for the increased rapidity of production which was 
claimed by the proposer of the new scheme. With 
regard to the quality of the work we have no hesita- 
tion in pronouncing it to be bad, but we must not 
be understood as imputing blame to the contractors, 
as the faults are those of the system. The lines 
are in many places rotten, and where there is much 
detail the drawings are simply useless. As an 
example of this we refer to No, 37 of the current 
ear, which is a patent for a sewing machine. 
o expert who was careful of his reputation would, 
we think, like to pronounce an opinion based upon 
an examination of the drawings of that specification, 
especially if the description did not happen to be 
= een = plain. ‘The mechanism of small articles 
ike sewing machines requires rather an enlarged 
view than a reduced one in order to render the con- 
struction perfectly clear. The object of the specifi- 
cation of a patent is to “ particularly describe and 
ascertain the nature of the invention, and in what 
manner the same is to be performed.” We deny 
that the new mode of publication will at all facilitate 
this end, but we reserve for another article the 
further discussion of this branch of the question, 
and in a few weeks we shall have a larger number of 
specifications to deal with. 

We are unable to pronounce any opinion on that 
part of the scheme relating to the publication of the 
specifications in book form, as no weekly volumes 
have yet been issued. It is proposed, we under- 
stand, to bind up about twenty-five or thirty copies 
of each week’s specifications (the blue covers being 
removed) into a book, and it is expected that per- 
sons will be found ready to purchase these volumes. 
Vain hope! It has been our lot in life to meet with 
divers kinds of crazes, but we do not believe that 
there is any living person outside Bedlam who 
would encumber his Steury or office with a set of 
such books, We are not referring to public insti- 
tutions and free libraries, as they already receive the 
Commissioners’ publications gratis, The cost alone 
would be a serious matter, as according to a calcu- 
lation we have made, based upon the price of the 
separate specifications already issued, the charge 
for each weekly volume could not well be less than 
35s. We are, of course, assuming that the cost of 
each volume would be the aggregate cost of the 
specifications constituting it, and the fact of the 
price being printed on the specification itself as well 
as on the wrapper, which was not so before, justifies 
us in this assumption. 

Some years ago a correspondent pointed out in 
these columns that it was the practice of the Com- 
missioners of Patents to secrete a certain number of 
copies of each specification in their vaults for some 
mysterious reason. This entailed a serious expense, 
as the public were not allowed to purchase any of 
these, the Commissioners preferring to commit the 
extravagance of reprinting the specifications when 
any demand arose. It appears to us that the Patent 
Office is about to be guilty of the same blunder as 
before, but in a slightly different form. 

We should state that the price of the specifica- 
tions has been slightly reduced, the smaller ones 
being now 2d. instead of 4d. as heretofore. It 
must not, however, be inferred that the price is in 
every case 50 per cent, less. But as we pointed 
out in February last, when the scheme was first 
mooted, it is not at all likely that the sale will be in. 
creased to any great extent. If a person really 
requires a copy of a certain specification he is not 
likely to refrain from purchasing it because the 

rice is a shilling, nor is he likely to buy two copies 
if it costs say 8d. 

In another column we print a ietter which points 
out a small but serious inconvenience attendant 
upon the new system. Our correspondent asks but 
a modest boon, and we willingly give publicity to 
his request, but under the new r¢gime of the Patent 
Uffice, the public is regarded rather as a ‘‘ vile body” 
on which experiments may be made than as an as- 
semblage of persons whose convenience should be 


the primary object. 





HOOPER’S CORE. 
Tue improvement of our means of insulating 
telegraph conductors placed under ground or in 
the sea, must be always a subject that will occupy 





more or less the attention of engineers and 
electricians, and although of late there has beena 
kind of lull in the interest felt in the question, and 
gutta-percha has been tacitly accepted as sufficiently 
good for the p Ay snag the subject must 
not be allowed entirely to drop. 

In our number of August 16, 1872, in an article 
on ** The Insulation of Submarine Telegraph Con- 
ductors,” we alluded to wire insulated with india- 
rubber according to Hooper’s patent, and commonly 
known as ‘‘ Hooper’s core.” At that time a pro- 
spectus had been issued of the Great Western Tele- 
graph Company for laying an Atlantic cable, in 
which Hooper’s core was to be used. We pointed 
out that several lines with Hooper’s core had been 
laid, and that it was advisable that some information 
should be given as to the general history of the 
manner in which the material had comported itself, 
before a long deep-sea line was laid, e stated that 
the reports that had reached us had not been 
altogether satisfactory, and we proceeded to say, 
‘* That faults should occur, and some difficulties be 
experienced in the first years of the use of a new ma- 
terial is not astonishing. The question is, has any 
attempt been made tosift the matter, or has inquiry 
been made into the causes of failure? Inthe China 
cable, where many faults had to be cut out before 
laying, no doubt some may have been mechanical, 
but if this is so, the reason is greater that a detailed 
report should be given of thisexpedition. The material 
seems in certain cases, when placed underground, to 
undergo a change, so as to conduct, although there 
is no visible cause. ‘This is a serious defect if it 
cannot be remedied, and it should be looked full in 
the face ; for Hooper’s core, as manufactured some 
years ago, had too many good qualities to be allowed 
to fall into disrepute for want of investigation.” 

Our remarks failed to bring any information 
forward as regards the cables with ) roma s core 
laid to that date. The project of laying an Atlantic 
cable with this core was abandoned, and the 
cable manufactured for this purpose was laid along 
the Brazilian coast between Rio Janeiro, Bahia, 
Pernambuco, and Para, Four years have elapsed 
since our article was written, and yet we cannot 
find that the Hooper’s Company have made the 
faintest attempt to publish any evidence regarding 
the behaviour of this core on the various lines in 
which it has been employed, so as to vindicate and 
establish its character. Yet we maintain that until 
some distinct and satisfactory evidence is given on 
this subject, the public can” ly be expected to 
subscribe to any long lines where this core is pro- 
neon to be used. But although the managers of 

ooper’s Compary have failed to make the slightest 
effort towards that which we should think must be 
of vital importance to them, viz., the publication of 
information regarding the durability of their manu- 
factures, we ourselves are at last able to give our 
readers some information contained in a report dated 
Kurrachee, May 15, 1876, by Lieutenant Stiffe, En- 
gineer of the Government Indo-European line, on the 
repairs of the Jask-Bushire section of the Persian Gulf 
cable, and for which we are indebted to the courtesy 
of Major Champain, R.E., Director-in-Chief of Her 
—— Indo-European Telegraph. 

ith the scarcity of information regarding 
the core afforded by the Hooper’s Company, or by 
the telegraph companies who have employed it, 
a report coming from a Government officer of 
known ability and impartiality, on the state of the 
first long line ever laid in which Hooper's core was 
employed, is of considerableimportance. The line was 
laid in 1868, and is 512 miles in length. Lieutenant 
Stiffe, after describing the repair of the cable where 
it had been broken by an anchor in Bushire roads, 
proceeds to say, ‘‘ Before turning to the sea faults I 
wish to refer to my last report, dated May 16, 1873, 
which gives a résumé of the history of the faults up 
to that time. I gave as the result of the examina- 
tion then made that the cable would remain work- 
able fora long time. I now think it probable it 
would have worked at least three years longer, but 
for the means adopted at the time of the present 
repairs to break down the faults for the purpose of 
localising them, Further, that no general deteriora- 
tion of the core was perceptible, which I may now 
confidently reassert. irdly, that the minute faults 
then found, one in the Tweed’s section and the other 
closeto Busbire, were probably on the beach, which 
has also proved correct ; and lastly, that one if not 
all the principal faults were in the Calcutta’s fore 
tank coil which had been da Two of the 
three bad faults were found in the part so defined.” 

Lieutenant Stiffe then gives details of the distances, 





lengths cut out, and cable used, &c,, and then pro- 
ceeds to state in reference to the faults found : 

**It will be seen in all three cases the fault 
is a small hole in the india-rubber, without 
doubt developed by the action of the current. The 
experiments made by Mr. Mance shows that a strong 
current has the power to rupture mechanically the 
india-rubber if sufficiently thin. The cause I sug- 
gest is, want of sufficient care in manufacture or 
insufficient substance of dielectric at these. points. 
I am not able to say what stepe were taken to insure 
the uniform distribution of the weight of india- 
rubber per knot, doubtless defined by the specifica- 
tion, but an inspection of the attached samples 
shows that the core is sensibly thicker in some places 
than others. Further, it appears that this Jefect 
has attracted attention, and that a remedy has been 
attempted, by using a taping prepared with india- 
rubber over such parts of the core quite different 
from the regular taping of simple felt.” 

Thus it will be seen that the faults were entirely 
such as may in future be avoided by more careful 
supervision on the contractor's part, and is not in the 
least inherent to Hooper’s india-rubber core if pro- 
perly manufactured. 

As regards the number of faults in a given length 
of cable, it appears that the Hooper core cable con- 
trasts favourably with the Gutta-percha core cable 
made by the Telegraph Construction Company. 
Thus Lieutenant Stiffe says, ‘‘As regards the 
number of these faults, I may observe the faults 
of manufacture in the 160 miles of gutta-percha 
cable sent out in the Astracan, and which have had to 
be successively cut out, have been more numerous 
than in this cable of 525 miles, and it is only to 
be regretted that the very small balance of cable 
on hand after laying did not admit of the repairs 
being sooner made.” 

Now this 525 miles contained in it, as mentioned 
by Lieutenant Stiffe, the 70 miles from the Calcutta’s 
fore tank, and which went through an ordeal that 
no cable before or since has ever experienced, and 
which is worthy of notice. The Calcutta, a large 
sailing ship chartered and fitted out by the Indian 
Government in 1868, and loaded with about half of 
the Hooper’s core cable for the Persian Gulf, came 
into collision off the Land’s End with another sailing 
- Her bows were stove in and she began to 
sink, A party of cablemen on board set to work, 
and with great difficulty removed the deck that 
sealed up the cable in the fore tank, This was 
of 3 in. plank laid on sleepers, the seams caulked, 
and the whole shored down from the main deck 
beams. ‘The end of the cable was then taken through 
two small iron blocks or‘sheaves, one hung over the 
hatch and the other over the side of the ship, and 
allowed to run overboard. The whole 70 miles was 
thus treated, and is speaks well for the system of core 
invented by Mr. Newall, that the cable all passed 
through these small blocks, showing that, entirely 
unaided by men, the whole 70 miles payed itself out 
without fouling or causing a kink, since had one 
occurred it must have carried away the blocks, which 
it did not do. The ship, which had lost her rudder, 
was drifting slowly up Channel, and as no brake 
power could be applied to the cable, the whole 70 
miles ran out whilst the ship went over only 25 miles 
of ground. The cable was afterwards recovered by 
Mr. F. C. Webb, but owing to there being 300 per 
cent. of slack, it came up in kinks, about one to every 

uarter of a mile of cable. The cable was landed at 
Zagham, these kinks were cut out, and thus about 
300 splices and joints had to be made inthe 70 miles 
of cable. It is not a little remarkable that after 
such an ordeal it should test so well as it did, 
and have less faults than 160 miles of gutta-percha 
covered wire. In fact, Lieutenant Stiffe gives a 
general opinion highly favourable to Hooper’s core ; 
thus he says: 

‘‘The favourable opinion of the description of 
india-rubber core known as ‘ Hooper’s’ as a material 
for cables, which I formed when engaged in the 
Ceylon cable in 1866, and the experimental length 
laid in Rishir in 1865, is quite unshaken with the 
following reservation, viz., I did expect from the 
manner of its preparation, this material would be 
more durable than —_ for the shore ends, 
where the core is wet and dry at times, and more 
exposed to high temperature. From whatever 
cause, this is now clearly ascertained not to be the 
case in this climate; on the contrary, india- 
rubber ends on shore require renewing in about 
half the time the gutta-percha ends do.” 

It is a curious fact that one of the greatest diffi- 
culties that our submarine telegraph companies have 
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to deal with in hot climates is the preservation of 
the insulation in the short lengths of cable between 
low water mark and the cable houses or offices. It 
was thought that the Hooper’s rubber core being 
cured at about 300 deg. of heat, would stand this 
dry heat better than gutta-percha ; but according to 
Lieutenant Stiffe it does not. Gutta-percha, which 
has also entirely failed, is now going to be tried at 
Aden in pipes filled with water. 

The final state of the cable since repair gives 
about 1500 megohms per knot at the second minute, 
rising to 4798 at the tenth minute. The report does 
not state whether this is reduced to 75 deg. But as 
the reduction of all tests to 75 deg. was originally 
fixed on for the Persian Gulf cable, because that 
is the mean sea temperature of the Persian Gulf, 
we may suppose there is not much correction 
to make. Some slight oscillations in the readings 
when testing show that there still is a very 
small fault in the cable, but of such minuteness 
as to be quite unimportant, and Lieutenant Stiffe 
states : 

“In conclusion I have to add a few words on the 
minute fault still remaining in the cable. Itis at 
present merely a theoretical defect, shown by un- 
steadiness of the tests, and its resistance increases 
rapidly, so that it altogether disappears after a few 
minutes’ testing. Asa matter of sentiment it isa 
pity it is there, but it cannot in the least affect the 
working, and when it breaks down, and it is con- 
sidered desirable to repair it, it can be done easily. 
As we are not conducting an experiment for the 
—_—- of demonstrating the ection of india- 
rubber, but our cables are, I submit, rather instru- 
ments to be kept in working order, I recommend it 
being left alone for the present, as is done with 
the similar existing faults in the Bushire-Henjam, 
Henjam-Jashk, Jashk and Gwadur cables.” 

Thus it will be seen that the gutta-percha insu- 
lated sections also contain faults, and altogether we 
consider the report to be very favourable to Hooper’s 
core, for it shows that the fall in insulation which 
occurred was due to specific and remediable faults 
and not to any general deterioration or inherent 
bad qualities in the core itself. The public and 
those interested in the question of submarine cables 
must however, before they subscribe to any large 
undertaking for the employment of Hooper’s core, 
bear more about the other cables laid, in which 
this manufacture is used, such as the Western 
Brazilian, the Central American, and the Cuba Sub- 
marine. Of the latter we have heard the insulation 
spoken of as excellent, but we have no reports or 
figures to lay before our readers. 























REVOLVING BRIDGE AND TRAVELLING 
CRANE. 


THE two-page engraving which we publish this week shows 
a very efficient and novel combination of revolving bridge 
and travelling crane, recently established at the quarries of 
Thiarmont. The work was designed by M. J. B. Cornet, 
of Thiarmont, and has been executed by M. E. Thomas, of 
Brussels. The arrangement consists : first, of a revolving 
bridge, pivoted at E at one end, and resting upon a suitable 
carriage at the other, which runs freely upon a circular 
rail laid around the circumference of the quarry; second, 
of a steam travelling crane able to lift 40 tons, and running 
to and fro the whole length of the bridge. The construc- 
tion of the bridge and of its points of support are shown 
in Figs. 1 to 6. From these it will be seen that the total 
length is 196 ft. 10} in. and the length of span is 190 ft. 
84} in. It consists of two main girders 13 ft. 113 in. deep 
in the centre, placed parallel, and 6ft. 63 in. apart from 
centre to centre. The depth of the girders at the ends is 
9 ft. 7, in., and each girder is divided in its whole 
length into fourteen panels 13 ft. 4, in. apart. They 
are finished with plate iron ends as shown, stiffened with 
T-irons 20x% in. and 17ys in. apart. The ends are 
also braced together by webs stiffened by angle irons, as 
shown, and by diagonal vertical braces of angle iron. As 
the crane travels from end to end with the lifting chains 
hanging clear between the girders, the latter cannot. be 
strengthened by any horizontal bracing. To increase the 
stability of the structures, the platforms running along the 
whole length of the bridge are made as shown in Figs. 2 
and 3, formed of cantilevers 13 ft. 4vs in. apart, connected 
together at their outer ends by‘a light auxiliary girder, and by 
horizontal diagonal bracing. That end of the bridge resting 
upon the central pier is supported upon’a pivoted joint 
bolted to a horizontal beam set in a circular frame. Between 
this latter and the rail circle laid on the top of the pier, are a 
number of wheels arranged radially like those of a turntable, 
and the whole structure revolves around a central pivot. 
The supporting carriage at the other end is shown to an 
enlarged scale in Figs. 4 and 5. It consists of a wrought- 
iron frame 14 ft. 9 in. long, 15 in. deep, and placed 4 ft. 5} in. 
apart from centre to centre. Cross beams of the same depth 
connect these frames, and carry the pivoted joints upon 
which the girders rest. The carriage runs upon six wheels 
39in. diameter, and on the axle of the central pair is placed a 
toothed wheel, over which passes the pitched chain by which 
the bridge is caused to revolve. The mechanism for effecting 
this will be presently described. The general arrangement 
of the travelling crane is shown in Figs. 1, 2, and 8, and the 
details in Figs. 10.and 11. The lifting power of the crane 
is obtained from a three-cylinder Brotherbood engine drivin 
the shaft M, on which is a friction pinion N. The pinion 
drives the friction pulley by contact on its inner side P, and 
by another pulley Q made in one piece with O, but of 
much smaller diameter. By this means any desired range 
of speed is obtained according to the load to be raised, The 
contact with P or Q is effected as follows: The pulley O is 
mounted on a shaft running in bearings bolted to a pair of 
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levers jointed at their upper ends, as shown. The 
lower ends are connected to a double lever and a crank 
controlled by a handwheel, so that the friction pinion may 
be thrown into contact either with P or Q. It will be 
readily seen that according to the variations in the loads 
to be raised, it would be n to make frequent ad- 
justments with the handwheel. This would have the 
effect of producing undesirable shocks on the machine, and 
itis avoided by the means shown in Figs 10 and 11. The end 
a of the double lever can be controlled either by the hand- 
wheel, or by the action of the spring 5, acting on the rod 
e, connected to the double lever at a. The box of the spring 
is coupled by a rod g to a link q to which is attached one 
end of the lifting chain. This link g is movable under the 
load, and as the latter increases, the spring flattens under its 
action, moving the rod ¢, and acting through this and the 
whole system of levers which control the pulley 0, pro- 
ducing a variable pressure on the pinion N. The weight 
shown in Fig. 10 counterbalances the suspended portions of 
the mechanism and tends always to produce friction be- 
tween the pinion and the pulley N. 

The rotation of the bridge and the travel of the crane is 
effected by means of an endless pitched chain which ex- 
tends the whole length of the bridge and passes over pulleys 
at each end, as shown in Figs. 1, 4, 5, and 6, and gives 
motion to the central axle of the travelling carriage upon 
which the outer end of the bridge rests. The chain is also 
connected with the crane, as shown in Fig, 10. The upper 
and lower lines of chain are deflected by rollers, up into the 
crane, where they pass around toothed wheels at o and gq re- 
spectively, and these receive motion through the bevel 
gearing, shown in Fig. 11. By employing different com- 
binations with the sliding clutches, the various movements 
required for the bridge and the crane are obtained. In order 
to complete the function of the gearing and to work it 
separately or independently, the shafts of the wheels o and q 
can either of them be stopped independently of the other 
by means of the brake s. Fig. 10 shows also the mode em- 
ployed for lifting. Attached to the framing of the crane 
and between the girders is a box to contain the chain. By 
means of suitable gearing, and through the levers 1, 2, 8, 
and the shaft 4, a reciprocating motion is given to the 
lever 5, the lower end of which describes an arc, as shown by 
the dotted line ; the lifting chain passes from below around 
a toothed wheel on the main shaft, down beside the lever 5, 
and between the small cross pieces at the bottom of ir. 
By the reciprocating motion above alluded to, the 
chain is gradually lifted and deposited, as shown, in the box. 
The endless chain moving the bridge and crane is supported 
at intervals, as shown in Fig. 1, and in details Figs. 7, 8, 9, 
by small pulleys, the upper of which is suspended so that it 
may be thrown down out of the way when the crane passes. 
To effect this there is an inclined plane on the frame of the 
crane, which coming in contact with the projection at the 
end of the vertical rod attached to the bracket carrying the 
upper roller, raises it in passing (see Fig. 9) and throws 
the roller down;* after the crane has passed, a reverse 
plane brings the bracket back into its place. 

This system of revolving bridge and crane has been in 
use at Thiarmont since December last, with excellent 
results. We are indebted to our contemporary the Revue 
Industrielle for the foregoing particulars and illustrations 
of this work, 








THE EXPLOSION ON BOARD H.M.S. 
THUNDERER.,. 
Report by Mz. Lavineton E. Fuetcusr, Chief Engineer 


of the Manchester Steam Users’ Association, to the Hants 
‘oroner, on the Steam Boiler Explosion that took place 
on Board Her Majesty’s Twin Screw Turret Ship, 


Thumderer, on Friday, July 14, 1876.* 
Edwin J. Harvey, Esq., 
Hants Coroner, Portsmouth. 

Dear S1z,—In accordance with your request I now 
to report you on the steam boiler explosion that 
with such disastrous consequences on board H.M. twin 
screw turret ship Thunderer, at about a one one 
o’clock on the pr ire of Friday, July 14th, giving you 
in that report an outline of the course of investigation 

by the scientific gentlemen thereon since 
the adjournment of the inquest on Thursday, July 27th, 
and giving the conclusions to which I have been led as 
to the cause of the disaster. 

My examination of the boilers on board the Thunderer 
was made in concert with Mr. Frederick Joseph Bram- 
well, C.E., F.R.8., appointed by the Admiralty to act 
as an independent engineer on their behalf, Mr. Bram- 
well being accompanied by his assistant, Mr. Henry 
rris, while I was assisted by Mr. Richard 
Thompson, Senior Inspector to the Manchester Steam 
Users’ Association. Both Mr. Harris and Mr. Thompson 
took an active part in the examination. There were also 
present, on the part of the Admiralty, > Murray 
, B.N., C.B., President of the Admiralty Boiler 
Committee, i.¢., a committee for the purpose of investi- 
gating the cause of the rapid corrosion in marine boilers 
r. David Phillips and Mr. Charles Tookey, F.C.S. 
members of that committee; also Mr. James Wright, 
Chief Engineer to the Admiralty ; Mr. John Oliver, Chief 


assistant to the Chief Engineer at Portsmouth Dockyard. 

the part of the makers of the boilers and engines, 
ing to Mr. 

i was prepared for the coroner’s guidance 


read at the inquest, ies of it bein 
hands of the jury after their verdict had 
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Messrs. Humphrys, Tennant, and Co., Deptford, London, 
there were present Mr. Robert rer member of the 
firm, Mr. Joun Bourne, C.E., Mr. Thomas Hyde, con- 
sulting mechanical engineer, and Mr. William Parker, 
Chief Engineer to Lloyd’s Regifter. The deceased were 
resented by Mr. George Jenkins, C.E. 
early all the gentlemen just named were present while 
the examinations were made, and while the tests hereafter 
deseribed were applied, and aided materially by their 
and active exertions, while Captain Waddilove, of 
H.M.S. Asia, in c of the Steam rve, and Staff- 
Commander Robert Jackson, of H.M.S Thunderer, pro- 
moted the prosecution of the work by the arrangements 
they made on board that ship for the convenience of the 
entlemen engaged thereon. I should be lacking in my 
uty, as well as depriving myself of a pleasure, were I to 
nage to state that every possible facility for making a 
complete and impartial ing as to the cause of the steam 
boiler explosion that occ on board H.M.S. Thunderer 
was afforded by the Admiralty, by the Commander-in- 
Chief, Admiral Elliot, as well as by Rear-Admiral Sir 
Francis Leopold McClintock, Superintendent of Portsmouth 
Dockyard, and by the makers of the boilers and engines, 
Messrs. Humphrys, Tennant and Co.; while all the 
gentlemen engaged on the investigation appeared to be 
actuated with one desire to arrive at the true cause of the 
explosion, and thus to prevent the occurrence of similar 
disasters in the future. 

There are on board H.M.S. Thunderer twenty-eight 
engines and nine boilers. Thirteen of these engines are in 
pairs, having two cylinders, and the remaining fifteen are 
single engines having one yay only. Two of the pairs 
of engines are pt ies | or driving the twin screws, and 
may be called the main engines, The remainder are much 
smaller, and are employed for subsidiary purposes such as 
circulating cold water through the surface condensers, 
raising and lowering the link motion of the main engines, 
turning the capstans, turning the turrets and hoisting 
boats, hoisting shell, working hydraulic ey work- 
ing the steering apparatus, Pumping water from the s 
between the double bottom, feeding the main boilers, feed- 
ing the auxiliary boiler, driving fans for ventilating 

, hoisting ashes, &c. Of the nine boilers, eight 
Srive the main screw engines, while they also contribute 
FR PG 
auxili purposes A no or er 
mention in this report. The eight boilers for driving the 
screw engines are set in two stokeholes, four in the aft 
stokehole and four in the forward stokehole. These stoke- 
holes are close together, and merely divided by a bulkhead, 
fitted with water-tight doors to shut down in case of 
need. ‘The boilers are fired athwartships, so that the firing 
space forms an aisle ing fore and aft immediately over 
the keel line of the ship. The boiler that burst was the 
forward one on the star side of the aft stokehole, 
which adjoined the engine-room. 

The boilers are of the rectangular multitubular type with 
water 5: at the bottom of the ashpit, which is a type of 
boiler that has done service at sea for many years, 
and may safely be used for such a pressure as that adopted 
in the boiler on board the Thunderer, viz., 30 lb. on the 
square inch. The boiler which burst had four furnaces 
and measured as nearly as may be thirteen feet in height, 
fifteen feet in width, ten feet three inches in length at 
mid-height, while there was an overhang of eighteen inches 
above the smokebox, to afford room for the uptake. 
Each furnace had a width of feet two inches, and a 
height of four feet, while the firegrate was six feet six inches 
long. The boiler was equipped with the following fittings : 
Two non-return feed valves fixed about the level of the 
furnace crowns. A brass gland blow-out tap at the bottom 
of the boiler. A glass water gange and two water gauge 
taps at the front. Two dead weighted safety valves Me ag 
in diameter, each loaded with eight leaden weights, 
thirteen inches in diameter, in all, with the valve 
and spindle, a load of 808 lb., giving a pressure as nearly 
as may be of 30 1b. per square inch on the valye, while the 
area of these valves is almost three-quarters of an inch per 
square foot of firegrate, which exceeds the allowance 
required by the Board of Trade. Also an independent 
steam pressure gauge on Bourdon’s pe and ranging to 
35 lb. Two stop valves on the top of the boiler, one 
ten inches in diameter for cutting off the communication 
between the boilers and the main ; the other 
six inches in diameter for cutting off the communication 
between the boilers and the auxiliary engines. 

The boiler gave way above the smokebox doors, the 
entire front en 1 from the top of the smokebox up to 
the top of the shell, and extending from one side of the 
boiler to the other, being blown out, rending in some places 
through the root of the angle iron attaching it to the shell, 
and in others through the line of rivet holes, while the 
front plate of the uptake was blown backwards inst the 
tube plate. This rupture left an opening in the boiler 
equal to about sixty square feet, through which a torrent 
of steam and hot water issued, induc:ng the disastrous 
effects already too well known. The results of the fury 
of the explosion the jury have witnessed and, there- 
fore need not now be described, but here it may be pointed 
out that notwithstanding that fury, the boiler had not been 
moved from its seat, and that with the exception of the path 
ruptured above the smokebox doors as described, 
the boiler was unin ey . 
lindrical , and a rent occurred in the cylindrical 

rtion of the shell, the results would have been very 

ifferent. The entire boiler would have been ripped open, 
ond veer, Wat the one alongside so injured as to have 

The front end plate, above the smokebox doors, was 


with twenty-two stays. Seven of 
to the back of the boiler, 


Had the boiler been of the | had 


to the plate. These all tore away at the rib of the T iron, 
the eye-bolt remaining intact but bursting asunder the rib. 
Five were short stays rivetted to the top 

and secured to the front end plate of the boiler with double 
nuts one inside the plate the other outside. se gave 
way by the nuts being drawn gs | through the plate, the 
stays and nuts being uninjured. The remaining ten were 
short bolt stays, an inch and a quarter in diameter at the 
base of the thread, screwed through the front end plate of 
the boiler and through the front plate of the uptake, ae 
bolt heads or nuts at the outside of the boiler, and rivette 
heads inside the smokebox. These screwed bolt stays all 
gave way at their attachment to the smokebox plate, by 
pulling through the holes. The threads were not stripped 
but the rivetted heads were broken off round the outside. 
They had evidently been drawn through with violence, the 
plate around each hole being cupped inwards in the direc- 
tion in which the stays had been drawn. The thickness of 
the plates at the part of the boiler that pre way was as 
follows: In the outer shell of the boiler the thickness was 
seven-sixteenths of an inch; in the front of the uptake, 
which was com of three plates, it was seven-sixteenths 
bare in one, and half-inch bare in the other two. 

It is thought that the boiler gave way in the first instance 
at the front plate of the upti e, one of the stage paling 
through the plate, in all probability the stay situated about 
twenty-four inches from the side of the uptake, and twenty 
inches from the top. On the pulling through of this stay 
greater duty would be thrown on the others near to it, 
when they would be drawn through the plate in like manner, 
and then the others would fail in rapid succession one after 
another, until the whole series was destroyed, when the 
front plate of the uptake and the front plate of the boiler 
would be blown asunder and in cugecite directions, the 
uptake plate toward the boiler, and the shell plate into the 
stokehole. 

This explosion has been attributed, as explosions so 
frequently are, to shortness of water, but there were no signs 
of this having taken place. Shortness of water, if it had 
occurred, would not have led to sucha rent as the one 
described. The part of the boiler that would have failed 
would have been the flame-box, the flue-tubes, and the 
furnace crowns, not the outer shell. It is too frequently 
thought that if a plate ina boiler be allowed to be overheated 
and then that water be suddenly dashed upon it, that a 
large amount of steam would instantly be generated, 
so much so thatit would be too much for the safety valvesto 
carry off, and that an explosion would inevitably result. 

This, however, is a total fallacy. In order to illustrate 
this, the Manchester Steam Users’ Association some years 
ago instituted a series of experiments, and made some cir- 
culating bath boilers red hot, forcing into them when in 
that state, cold water. is was repeated again and again 
but the boilers did not burst. The i therefore, that the 
explosion under consideration resulted from shortness of 
water may be altogether disregarded, and it has only been 
referred to on the present occasion because it has been 
revived in connexion with this explosion. 

Others have attributed this explosion to the water 
having assumed a spheroidal condition. This condition, 
however, is only assumed by water when in contact with 
highly heated plates, and asin this case there was no 
shortness of water and consequently no highly heated plates, 
the idea of the water having assumed a spheroidal state 


carded. 

again have attributed the explosion to deferred 
ebullition, through boiling the air out of the water, 
in consequence of which the water would be raised 
to a very high temperature without making any steam, 
as long as quiescent, but on being disturbed would 
suddenly throw off so large a volume of steam as to explode 
with as much violence as a charge of gunpowder. here 
is no doubt that miniature laboratory experiments may be 
produced in this way in smooth vessels, when heated with 
the greatest care so as to prevent the slightest vibration, 
otherwise the experiment would be a failure, but I have 
never heard of this condition of water being Ae 
outside the laboratory. Some years ago, on consulting the 
late Professor Miller, who had experimented on the subject, 
he agreed with methatit was highly improbable that such a 
state could ever be produced in so rough a vessel as a steam 
boiler with its projecting rivet heads, its numerous sta 
pins, and its incrusted surfaces, all affording points at whic 
steam would be evolved, and thus preventing the raising 
of the temperature of the water above the boiling point. 
If it were rh to raise the temperature of water far 
above the boiling point in ordinary boilers, every boiler 
would burst immediately on being disturbed after enjoying 
a period of rest with the fire burning within it, so that no 
boiler would be safe. The idea, therefore, that this ex- 
plosion is due to deferred ebullition may, like the idea that 
it was due to shortness of water or to the water haying 
assumed a spheroidal state, be dismissed. 

(To be continued.) 





THE LEAMINGTON REAPING MACHINE 
TRIALS. 


WE are indebted to the courtesy of Messrs. Eastons and 
Anderson for the tabulated results of the reaping machine 
trials, recently carried out by the Royal Agricultural 
Society at Leamington. Altogether forty-three implements 
been entered for competition, but only thirty-seven 
took a part in the trials. As in the mowi ine trials 
last. year at Taunton, Messrs. Hornsh Sons entered a 
very large number of implements, and also, as in the same 
trials, they carried off nearly all the honours at Leamington. 
The implements were classified under four divisions as 
follows : Class I. included those machines with self deli 
in sheaf, clear of the horse track ; Class II. machines wit 
self deli in swathe, clear of the horse track ; Class III. 





were com ing and mowing machines without self 
Udavery; and Ubi IV) were ensdeund veagine, the power 


to work which was restricted to 33,000 foot-pounds per 
minate at a speed of about 24 miles per hour. The maxi. 
mum points of merit awarded by the judges in each class 
were 1000, and referred chiefly to mechanical construction, 
workmanship, quality of materials, &c., to the arrangement 
of the motion, the form and position of rs and modes 
of regulating for heights of cut; to the delivery, ition 
of seat, draught, and anally of work done in the field. 
The site chosen for the trials was the Warwick 

cut consisted of barley, of a heavy 
crop of tangled wheat, and of sewage rye The 
= appointed were Colonel Grantham, Mr. imber, and 

r. Rigby ; the technical work connected with the trials 
was conducted as usual by the Society’s engineers. 

The performances of the principal machines entered for 
competition are fully given in the tabulated statement on 
page 190, and the awards of the judges may be briefly sum- 
marised as follows : In Class I. the first, second, and third 
prizes were awarded to Messrs. Hornsby, who were also 
‘highly commended’’ for two others. The Johnston 
wrought-iron harvester by the Johnston Harvester Company 
was ‘“‘commended.’’ In Class II. the judges decided that 
the swathing was not done so well by any of the competing 
machines as to warrant an award of the first prize; the 
second, however, was awarded to the Beverley Iron Com- 
pany for their improved three-horse reapers. In Class III. 
the first, second, and third prizes were awarded to Messrs 
Hornsby, who were also ‘ highly commended” for the 
fourth machiue they entered in this class. In Class IV., 
the first, second, and third prizes were awarded to Messrs. 
Hornsby, and Mr. W. Mattison was “‘ highly commended” 
for his Yorkshire champion manual delivery machine. It 
will be noticed that of the twenty-five machines, the per- 
formance of which is recorded in the Tables, sixteen were 
entered by Messrs. Hornsby and Sons, and that out of 
fourteen awards made by the judges, eleven fell to the same 
makers. Considerable dissatisfaction was expressed at the 
mowing machine trials at Taunton last year, and similar 
feeling is likely to prevail on the present occasion at the 
result of these trials, on account of the excessive number of 
machines by one maker admitted for trial, and which in 
each class present variations in detail, rather than radical 
differences in design. 

In conclusion we may mention that the judges recom. 
mended the award of a special gold medal to Messrs. Aveling 
and Porter for their combined reaper and traction engine, 
and which did excellent work during the trials. On page 32 
orev published drawings and a description of this 
machine. 


Farm, and the cro 








PRESSURE GAUGES. 
To THE EpIToR or ENGINEERING. 

Srtr,—The condition of the pressure gauge attached to 
the exploded boiler on board H.M.S. Thunderer, has 
brought to my recollection the following facts which you 
may think worthy of publication, as throwing a possible 
light on the subject. 

About two years ago I fitted eight new boilers with pres- 
sure gauges, one of which was returned to me the next day 
as being defective. On examination I found that the zero 
pin not been long enough to touch the glass, and that 
the finger, by jarring or otherwise, had got on the wrong 
side of it. ssure was got up in the boilers to about 
45 lb. As the finger could not move it was necessarily bent 
and strained until it was about 45 Ib. wrong, and (as was 

iscovered) two teeth in the rack were broken. 
At this s' the finger slipped clear of the zero pin, and 
commenced to rise, but of course showed a pressure 45 lb. 
less than the other gauges. 

Now, Sir, it appears to me probable that the de- 
rangement of the Thunderer’s pressure gauge was caused in 
this way, and not by the finger having made a complete 
revolution as has been suggested. 

It is immaterial which is the true theory in the case of 
the Thunderer, but I wish to place upon record this very 
simple manner in which a gauge may be deranged, as a 
warning’ to all users of dial mee 

ours respectfully, 
W.S. Haut. 
Abbey Works, Nuneaton. 








THE CONDITION OF PERMANENT WAY. 
To THE EpiTor oF ENGINEERING. 
_ Srz,—With the accident to the Flying Dutchman fresh 
in every one’s memory, it is not an unsuitable time to draw 
attention to an instrument invented by Mr. Thomas 
Lovell, chief engineer of the Oude and hilkund Rail- 
, for ascertaining the condition of the permanent way of 
tailways. This instrument was, by the kind ission of 
Mr. Johnson, the chief engineer and the gentlanian of the 
locomotive staff of the Great Northern Railway at King’s 
Cross, tried on Monday last between London and Peter- 
h. Both in the down journey by an express train, 
and in the up journey by a stopping train, a very perfect 
sneren was produced, showing any Sy red in the ex- 
ceptionally even road of the Great Northern Railway 
the stations named. 

This was only a private trial, witnessed by Mr. Clarke, 
the consulting engineer, Mr. Lovell, the chief engineer, 
and Mr. Walton, omen aes of the Oude and Rohil- 
kund Railway, Mr. Batho, C.E., Mr. Lavey, C.E., of the 
Great Northern Railway, and myself, accompanied by Mr. 
Harper, who represented the manufacturers, Messrs. G. B- 
Garnham and Co., Laurence Pountney-lane. 

The working of the instrument was yery satisfactory, 
showing that a considerable length of line might be in- 
} seen in ashort period of time, and all faulty portions of 

e . 


permanent way disco 
It is hapa to Lave a further trial of the instrument 
before long, and as soon as a day is fixed, I will acquaint 
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ou with the fact, and hope that you may yourself be able 
tL take in the investigation. 
am, Sir, your obedient servant, 
James 8S. Cooxz, Mem. Inst. C.E., 
Agent for Mr. Lovell. 
5, Raymond-buildings, Gray’s Inn, Aug. 30, 1876. 





“MECHANICAL PUDDLING.” 
To THE EpriTor oF ENGINEERING. 

§1r,—With reference to the letter on this subject, which 
ap’ in yours of the 11th inst., I to say that the 
lowest breaking strain of the Marron iron should have been 
given as 24 tons, and not as 20 tons, that the name Dr. 
Holman should have been Dr. Kolman, and the average 
difference between the original and the fractured area of 
samples 3505 and 3506 should have been 44.7, and not 
44.9 per cent. There is also an error in the last sentence 
for which I am alone responsible, through finishing the 
letter rather hurriedly to catch the post, which consists in 
the omission of two words, and quite alters the sense. It 
should read. ‘‘ We should then, I think,'soon find out whether 
any large quantity of the phosphorus or the silicon esca) 
up the chimney.” I beg to —_ for the lapse of time 
before making these corrections, but the truth is I did not 
observe the last and most important of the errors till the 
letter had been reproduced and replied to in the Iron and 
Coal Trades Review. 

Yours truly, 


Henry Krex. 


PATENT SPECIFICATIONS. 
To THE EDITOR OF ENGINEERING. 

S1r,—As I understand that your paper has paid parti- 
cular attention to the so-called ‘‘reforms’’ which have 
recently been introduced into the Patent Office, may I beg 
you to use your influence in order to prevent the perpetra- 
tion of an absurdity with which weare threatened ? On ap- 
plying for copies of a certain specification the other day, I 
was informed that it was out of print and that it would not 
be reprinted in the old form. See what thisinvolves. The 
patent in question having been the subject of much litiga- 
tion, and many legal opinions and reports ha been 
given on it, it follows that all the references to such and 
such a line of such and such a page of the original edition 
will not apply to the new edition, smaller type being used 
in the latter case. ‘ . 

On the general question of the policy of the alterations 
which the Patent Office authorities have just inaugurated, 
I do not wish to say anything beyond this, that they are 
totally unnecessary and uncalled for. It might at least be 
conceded that the old plan should be follo in reprinting 
the specifications of the patents up to the end of 1875. 

Your obedient servant, 


Lex. 
Chancery-lane, August 30, 1876. 











NOTES FROM THE NORTH. 
GuLascow, Wednesday. 
Glasgow Pig Iron Market.—On Thursday last;the price of 


warrants ranged from 56s. 1d. to 56s., and on the forenoon of | e 


the following day aslow as 55s. 10}d. ten days was taken by 
sellers, and buyers at the close offered 55s. 9d. No business 
was reported in the afternoon, and the prices were the same 
as at the close of the forenoon market. There was a greater 
degree of firmness on Monday forenoon, and business was 
done at 55s. 10}d. to 56s. cash, closing buyers over at the 
higher quotation, sellers asking 14d. per ton more. Busi- 
ness was done in the afternoon at 56s. fourteen ~<— fixed, 
closing buyers over, sellers 56s. 14d. The market was 
steady yesterday forenoon, with business done in warrants 
at 56s. 14d. cash, and 56s. 3}d. and 56s. 4d. one month open, 
closing sellers 56s. 2d., a cash buyers 1d. per ton less. 
During the afternoon the market continued apne & and 
prices remained unchanged. A marked reaction took place 
to-day, and during the forenoon the market was quite idle 

no business being reported. At the close sellers asked 
55s. 10}d. cash, buyers offering 55s. 9d. No change took 
place during the afternoon. A considerable quantity of 
iron has lately been sent into the warrant stores, the stock 
with Messrs. Connal and Co. last Friday night being 
80,838 tons, the increase for the week being 2480 tons. 
There are still 115 blast furnaces in operation as against 
114 at this time last year. Last week’s shipments of pig 
iron amounted to 10,550 tons as against 10,232 in the cor- 
responding week of last year, thus showing an increase for 
the first time for many weeks. 


New Railway at Berwick.—In connexion with the new 
dock that has lately been opened temporarily at Berwick- 
on-Tweed a new line of railway has been laid out, the con- 
tract for which has just been let to Mr. Waddell of Bath- 
gate. When it is completed a large export coal trade is 
ae and greater facilities will be offered for the import 

e. 


New Harbour Worts at Anstruther.—During the 
three or four weeks workmen have been in _ 
nexion with the new harbour works at Anstru in making 
concrete blocks for use in the outer section of the new east 
pier, with the view of still further protecting the structure 
from the force of the sea during storms. A steam 
and three hopper barges arrived at the from Berwick 
last week, for the purpose of deepening the new harbour. 

British Association Meeting.—Industrial Ezhibition.— 
In connexion with the forthcoming meeting of the British 
Association in @ w there is to be held a most interesting 
chanioa! Indastsion, chic ot tha Wotiel Goncd. ta to 
c industries, chiefly of the West of 
mechanical section there 
and in most instances the 
great scientific and industrial 


chemical. 

y Scotland. In the 

will be about eighty exhibitors, 

objects to be shown will be of 
importance, some of them 








possessing great novelty. The exhibition will doubtless 
excite very considerable interest amo 4 
Glasgow next month. Mr. James R. Napier, F.R.S., is 
the convener moving spirit of the committee for 
managing this mechanical exhibition. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

Trade of the Cleveland District. — Business this week 
in the Cleveland pig-iron trade has been very quiet, but 
still it has been better than last week, when trade was 
disturbed by rumours of financial difficulties. These ramours 
have proved correct, and as people are now better able to es- 
timate the extent of the difficulties more confidence has been 
imparted. It is satisfactory to find that merchants and 
consumers are offering quite as much for pig iron as they 
did a fortnight ago, and this shows that they do not expect 
— to be lower than they are. They are desirous of 

uying forward at current rates, but these rates are any- 
t but profitable, and makers, therefore, will not do 
much business with them. In a few cases easier prices are 
being taken by producers, but the majority hold out for 
higher figures than they can obtain at present. No. 3 
continues exceedingly scarce, and when required for ship- 
ping purposes is being bought at 46s. per ton less the 
per cent. commission. It is certain that all the pig iron 
produced of the higher qualities can be sold as fast as it is 
made, and this induces makers to hold out for higher 
prices. Grey forge is exceedingly plentiful, and stocks of 
it appear to be increasing, though nothing can be said 
definitely until the monthly official returns are published ; 
as the finished iron trade continues so depressed, it is not 
likely that any great improvement in the demand will take 
place for some time to come, and those firms who cannot 
afford to go on stocking will have to blow out their fur- 
naces. No. 4 forge can bought easily for 41s. 6d., less 
the commission. It is repo that several firms in the 
district, whose affairs have recently been before the public, 
have filed petitons for liquidation. Among these there are 
Messrs. Thomas Vaughan and Co., Swan. 


The Finished Iron Trade.—In the finished iron trade 
there is scarcely eying te indeed, business is more 
depressed than when we last reported. The hopes that an 
improvement would take place have not been realised, as 
numerous inquiries which were received did not result in 
any orders being given out, prices being too high. A con- 
siderable number of inquiries for prices of rails were made ; 
but these, so far, have not resulted in anything, or if they 
have, South Wales has received the benefit of them, as the 

rices there are at least 10s. below those asked in this dis- 
ict. Plate makers are well e , but it is upon old 
orders. They ask from 61. 15s. to 7/1. for new work. 





NOTES FROM SOUTH YORKSHIRE. 
Midland Railway © Oe Capitab "Ropend ie, 

wi atlway Company’s Capi iture.— 
In addition to the capital expenditure of this company de- 
tailed in * ang ne a. 4, = aon ly 

xpended e year, for widening the line from 
ae to Bradford, 15,7411.; from Claycross to Chester- 

e 
New —- in Millers Dale have cost 9211., a new bridge 
at Dronfield 15971., a new bridge at Heeley 10881., the short 
branch from Chesterfield to Brompton 13211., and for con- 
structing the block, telegraph syster 82201. Under the 
heading of ‘‘ Lines and works in course of construction,”’ 
I find Pilsley extension °down for 4437/., Shipley and Guise- 
ley 31,4091., Killamarsh extension 67531., Morton to Shir- 
land 6066l., and Dronfield to Unstone 34801. The esti- 
mated further = on these and other lines is put 
down at 1,754,848/. 

The Collieries of Henry Briggs, Son, and Company.— 
The annual report of the directors of this limited iy 
shows a profit on the year’s trading of 26,1081. 19s. 7d. 
new steamer is being built in place of the Stanley Main, 
which was wrecked in May last. The Saville pits have 
been completed, with ample siding accommodation from the 
line of the Midland Railway Company. The new winning 
to the Silkstone seam on the estate of Lord Mexborough, 
is steadily progressing, and it is hoped that coal will be 
reached in one of the shafts by the end of this year. Thirty 
acres of the Stanley Main seam a to the Good Hope 
pit have been taken on lease, whilst an i i rtion 
of the tract of Silkstone coal has been sold on advanta- 
geous terms. 


Fatal Boiler Explosion at Hull.—On Monday afternoon 
a 4 lindrical boiler, fixed at the seed crushing mills 
of Mr. ‘Thomas Donnison, Sculcoates, Hull, burst with a 
terrific noise, a man named Thomas Rose bei killed on 
the spot. Mr. Donnison the (proprietor) and his t sons, 
as well as a workman employed in the mill, were also shock- 
ingly scalded all over their bodies, and were at once taken 
to the Infirmary. The boiler-house and other of the 
premises near thereto were destroyed by the force of the 
explosion. 


The Sheepbridge Coal and Iron Comes (Limited) .— 
In their annual report the directors of this company 
state that the depression of the iron trade been so 


wholly unprecedented, that their last half year’s operations 
mse been unprofitable, wages and hours of labour being 
still incompatible with the state of trade. They recom- 
mend, however, a dividend of 8 per cent. out of the profits 
of the first half year. They proceed to state that coal was 
reached at the new colliery at Newstead, in October last, 
and the pit is [now in process of being opened out. The 
roof is and ol uality of poe A — Con- 
siderable progress made wi new pit at Lang- 
with, The sinking has reached a depth of f yards and 





the visitors to | been 


, 577l.; and from Stanton Gate to Ilkeston, 12,290/. | masonry 


will be pushed forward yet very little water has 

met with, At @ new colliery little has been 
done beyond making bricks and setting out the necessary 
railways and sidings. A pair of Lye, cmb 
blast furnaces, ered from the Lilleshall Com; , are 
now completed 





NOTES FROM THE SOUTH-WEST. 

Discoveries of Coalrin Glamorganshire.—Some months 
ago Mr. Daniel t, Llantwit Vardre, leased the 
minerals which migh be discovered under several farms in 
the parish, 400 acres in all, and commenced working. 
week the following seams were struck: The Darran Ddu, 
2 ft. 8 in., with a small seam under it, both included 
measuring 3 ft. 9 in. ; No. 1 Rhondda, 2 ft. 6in. ; No. 2 
Rhondda 3 ft. 8 in.; and it has been discovered that the 
Forest Vach seam is in the land, The distance also to No. 3 
Rhondda is small. It had been feared for some time that 
the Glyn basin did not contain seams of coal, and that 
all the valuable strata were in the mountains, on a level 
with Gilfachgech ; butit has been discovered that the centre 
of the basin contains some valuable seams. Some months 
since a young lady, a resident of Pontypridd, viz., Miss 
Maria Thomas, had the co to for coal in the 
neighbourhood of Pwllyfelin, where several of the ‘‘ lords 
of creation” prophesied that nothing would be found. At 
a depth of 17 cath, however, from the surface, her workmen 
struck upon a seam of fine coal 4 ft. 8 in. in thickness, She 
had leased 60 acres of the land, and it is stated that she is 
about to conclude an arrangement for 60 acres more, the 
min from which can be worked from the new level 
which she is now about to make. 


Penarth Harbour, Dock, and Railway.—A dividend for 
the past half-year is recommended by the directors of this 
undertaking at the rate of 44 per cent. per annum. 


Coal and Iron at Cardiffi—The price of cdal at Cardiff, 
which has not changed for some months, continues stationary. 
Shipments have been up to the average of the past three 
months, and there has an i demand for No. 3 
Rhondda. The foreign exports for the week included 
76,548 tons of coal (against 82,629 tons last week), 4449 tons 
of patent fuel, 612 tons of railway iron, 92 tons of bar iron, 
80 tons of sheet iron, 40 tons of pig iron, and 20 tons of 
coke. There has been a marked increase in the imports of 
iron ore and pitwood. 


Trade at Newport.—Trade at Newport is not very ac- 
tive. Everything seems to be from hand to mouth. 
ye cargoes have arrived, including deals from North 

erica. 


Threatened Inundations in Somersetshire.—An impor- 
tant special meeting of the commissioners of King Sedg- 
moor, representing about 12,000 acres, and attended also 
by a large number of landowners, was held at the Town 
Hall Bridgewater, on Th , to consider what ste; 
should be taken with respect to the falling in of the Dunball- 
Clyde, &c., being the outfall of the main drain of Ki 
Sedgmoor and neighbouring lands, and into which, seve 

ago, the River Cary had been diverted. A i 
the statement of Mr. Giles, engineer, who has been 
associated with Southampton Docks, and other extensive 
works of that kind, one of the piers, &c., a solid block of 
. about 30 years since, had subsided, and 
completely fallen in; and the doors, &c., had sustained such 
damage that, ror eer 8 Ng powerful dam had imme- 
diately been erected outside, t test possible difficulty 
had been i pt pee the whole of the works 
giving way. Prompt effectual measures to prevent this 
must now be taken, and they must not le over a few hur 
, or even a few thor unds, alt’ om at present 
he estimated that the cost would not exceed 1. or 40001. 
Such was the extreme , that even now he would not 
undertake to guarantee that all he had foreshadowed might 
not happen in the event of an unusually = tide before 
the completion of the contemplated works. After a lengthy 
discussion, the following resolution was unanimously agreed 
to: ‘* That Mr. Giles be requested at once to proceed with 
the ey cut, as a necessary preservation of the exist- 
ing dam and masonry, and to such other measures as 
he deems necessary for strengthening the same.’’ 





ENGLISH ARTISTS AND THE CENTENNIAL EXHIBITION. 
—‘ English artists,’’ observes the London correspondent 
of the Manchester Guardian, “will entertain a high 
notion of American taste when they learn that the three 


representatives of this country, to whom medals have been 
awarded at the Phildalphic’ Behibition, are Mr. Fildes, 
Batting ; and to Mr. Jopling (save the mark) for his—it 
does not matter what; at the same time neither Mr. 
the Commissioners. By the way, it seems that 
the English Commission has not been a happy family, and 
lousies and bicker- 
ings, which ended at last in a general disruption. Had 
there been a medal tted for amenity and tact, there is 
little doubt that, following the it which apparently 
been by unanimous consent awarded to Professor Archer, 
who is now i @ somewhat sooner than the 
howees,, bas Deen ot fumes for certain members of the 
Commission, who had to aie’ s i 
go back again to Philadelphia, and to take charge 
various sections of goods and i 
were originally confided to their supervision. Altogether 
oe Many ot oe See eeeerems with he American 
renewal of a number of those jobs of which at one time it 
was hoped that South i preserved the secret and 





for his picture of The Casual Ward ; to Mr. Hall for his 
Millais nor Mr. Leighton is to receive the decoration con- 
ferred 
that from the very first there were jeal 
allo 
ruled the selection of artists to be decorated, it would have 
duration of the Exhibition led one to imagine, His return, 
scene, to 
a a 
t 

has been a scandal, and the occasion of a 

the monopoly.” 
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THE ROYAL AGRICULTURAL SOCIETY’S REAPING MACHINE TRIALS AT LEAMINGTON. 
(For reference see Page 188.) 


Rearrna MAcHInes, wiTH SELF-DELIVERY IN SHEAF, CLEAR OF THE HorsE TRAcK. 
Reaprna MAcuINEs, with Se.r-DeLIveRy IN SWATHE, CLEAR OF THE Horse Track. 


CONSTRUCTION. 





(Cuass I.). 
(Cuass II.) 


Trial Il. on Dynamometer in , 
No. 2 Field, August 15 to 18, | 


and sa uently on Farm - 
road. AI Hechines set to cut 
at 4 in. high. 


TABLE 1—{ 





Loads on Wheels and 
Pole with Driver 
168 Ib. 





per 
bines 


rop, good 





1B exposed 


NAME OF 
EXHIBITOR, 


ft. high. Ten mac’ 
, and these machines were 








ce of Machines in Inches 








Inch Width of Cut. 
Fa | Draught Running Light on 
to 


Single Cut. 


Farm-road. 





At End of Pole at 36 in. 

Width over all with Shears Down. 
Effective Width for Cutting. 
Direction of Thrust of Crank. 
Mean Draught in Pounds. 


above Ground. 


Weight Empty in Pounds. 
On Driving Wheel. 
On Off Wheel. 
Right or Left-Handed. 
Number ot tak: on, 
Size of Driving Wheel. 
Depth of Effective N 
in Knives for Cutting. 
Material of Fingers. 





| Speed in Miles per Hour, 
| Draught in Pounds per 


Catalogue Number. 


5 | Advan 


ft. in. in. 
6\|2 6 by8 


2 104 by 74 
6/2 6 by8 


SF | Full Stroke of Crank in Inches. 


8 | Side Draught in Pounds. 
3 | Mean Width of Cutin Inches. 


_- 


Crass IL. 
Hortisby and Sons 


“c 
~ 
ES 


2.307 | 198.5 


192.8 
206.8 | 22 


193.4 | 26.5 
18 6.2 |19 


197.3 | 245 


» 


Upwards 


_ 
a 
— 





le 8. d. | Ib. 
469/32 10 0 |1215 1198 168 
466/34 0 0 |1172/1098 242 
© © |1231|1235, 168 

| i 

0 © /1140)1055, 248 
© 0 |1055 1024) 179 
0 0 1211/1195 186 


Right 


— -— > 


co 69 6 co co eos | Distance between Centre of Fingers, 





6 2.64 22.5) 55.7) 3.46 





Right 


a 
i) 


” ” 


2.62 57.1) 3.62 


57.1| 3.39 
58.2| 3.2 
57.4) 3.44 


ay 
— 


} 


| 
464 34 
* 4 dsz)s0 
Jobnston Har-)| s7¢\93 
vester Company § 
Hornsby and Sons cease 


” | Right 


| 
” | 


2.81 
2.62 
2.77 


8 1 
j8 11 
3 


5 | 2 10) by 74 
5 | 2 104 by 64 
\5|2 6 by8 


Right 
|Right 
|Right 





+ * - 
--_— = 


oon 
— a) 


Malleable cast- 


iron steel-plated 68.5 


9 


0 
4 
5 
20 
2 








Cass IL. | we oe 
Hornsby and Sons — 10 0 ‘ee a 


3150/40 0 0 1776 





Trial [V. on heavy crop of tangled wheat, August 21st. 





201.1 | 16 | 


358.8 | ... 


Malleable cast- 277 


| | 
26 = | Right |6 
Drivers > | | 
eee not coe [ese 
Lmounea S| | 
- 43 Left |....2 6 by 9 


4.96 57,6) 3.49) 818 


3,86) 172 


8 Upwards 





Trial III. on barley in Fields 3 and 4, August 16th to 18tb. 


2 6 by8 iT 
9} 


e 





3 3.1 2.29 93 


53 


Beverley Iron Co. 210 by 44/8 ae 


rather strong straw, bright and slippery, and about 3 
in Class I.and three machines in Class LI. were tri 


tabulated, afterwards selected. 


3 Downw ards | 3.92 2.52 57.5 

















Trial I.in Field No. 1 on wheat, August 14and15. A clean upstanding c 











| 
5 0 1} 266.5 | 52.5 4.63) 128.2 
( 


| 











Hornsby and Sons 470) 36 0 0 1445) ... 











Malleable cast- | ay pee 
iron steel-plated 
| 3 Downwards 
iron steel-plated 
{ Malleable cast- } 
| 
Empty. | of Load on — 16th and 17th, in Field No. 2, Wheat, 


Malleable cast- 
iron steel-plated § | 
iron steel-plated § | 
Malleable cast- } | 5} Upwards 
Malleable cast- } 
iron steel-plated { | 5} | Downwards 
} 
3 5} | Upwards |4.1 
} 
{ Malleable iron )} | 
? case hardened } | 
iron steel-plated 
___ TABLE Il.—Comstnep Reaprina AnD Mowtnea MAcHINES WITHOUT SELF-DeLIverY. (Cuass III.) 
Werent | Distritution | CONSTRUCTION. Trial IL. on Dynamometer, August 
——— | Wheels and and —_ a! on Farm-road ad- 
joining, all Machines set to cut at 


Name OF EXursitor. 








g 
g 
3 
z 
\§ 
3 
6 


\£ 8. 
eo on 10 
| 473/24 10 
Lewis and Locock .. 11081 
A. Field and Company . 764 
Bickerton and Sons «+s 2454 


Hornsby and Sons ... 


22 0 
38 .(«C0 
26 0 


ool 474 
381 


24 10 
}42 10 
\24 10 


Hornsby and Sons 
Brigham and Company 
Hornsby and Sons 





wns] 475 
| | 


of 





NAME OF 
EXuiBiTOR. 


| Price. 
Weight Empty in Pounds. 


= | On Near Wheel. 


tat 


=| 
F | 


+ | Catalogue Number. 
nN 


o> 


se 
s? 


Hornsby & Sons 


~ 
_ 
= 


Brigham & Co, | 885/17 10 0 (738 |591 
| 


W. Mattison 572/18 0 0 [598 |149 


Hornsby & Sons 479/16 10 0 |546 |175 


481/23 10 0 |746 |728 


138 
167 
186 


480/16 10 0 
573|18 10 0 |622 
478|16 10 0 o 


565 
W. Mattison 
Hornsby & Sons 


oe 








| 
| | w 
| Shafts with | 


| Mounted. 


_—— 


. | rh | 
720 |179 


| Pole when 
fitted as 
Reaper with 

| Man weigh-| 

| ing 168 Ib. 
& Boy 124 Ib. 

| Mounted. 


t 36 in. 
Right or Left-handed. 


End of Pole a 
above Ground. 


On Near Wheel. 





On Off Wheel. 


Fitted as a Reaper. 


Pitted as a Mower, 


| 
| 
| 


=| At 


= 


Ib. | Ib, | lb. 
725, 8u2) 457 


404 
735) 816 


735) 815) 473 
730| 919) 950) 
900) 954) 612| 
741| 829! 453 
744) 800| 477! 
650) 731) 445) 


466) 475) 


| 
| 458) 

99 
460 


23 | 
et 





500| 
| 422) 26 


| Distribution | 


f 
17 | Right 
| | 
15 | Right 
13 | Right 


15 tens | 


400) 18 Right 


Size of Driving Wheel. 








Left | 0} 


Left 


53 


Left | 
8 3 


_ TABLE 


“oe * #2 


64 4 


=— | Distance Between Centres of Fingers. 


Material of Fing»rs. 





| Effective Width for Cutting. 


oF 


Malleable cast 
iron steel-plated. 
Malleable cast 
iron steel plated. 
Malleabie cast 
steel plate beneath. 


j 
j 


7 


awe oo 
SS ce Ge ) 


Malleable cast iron 


Malleable cast 
iron steel-plated. 
Malleable cast iron 

Malleable cast 
iron steel-plated. 


4 


j 


2° Bee wp 2 | Full Stroke of Crank in Inches, 


4 


3/3 {f 








CONSTRUCTION. 


| Direction of Thrust of Crank. 


Downwards 


Upwards 


Downwards 
Downwards 
A second run 


Dow nwards 
Downwards 





Downwards 


Ill.—Owr-Horse REarina Macures._ (Ctass IV.) tm 


per 


4 in. high. 











Knives for Cutting. 
August 15th and 16th. 


Single Cut, 


Advance of Machines in Inches 
& | Mean Draught in Pounds. 


Syeed in Miles per Hour. 


5 | Depth of Effective Notches Exposed in 


= 
4 w 
r—) 
= 
wo | Side Draught in Pounds. 


7 
3 
Trial I. for excellence of work on wheat in No. 2 Field, 





ne 
- 
= 
on 
= 


1} 1 
1j \2.2 
with Quick 
1g | 2.09 
2 jL71 


lj 














Width of Cut, 





Mean Width of Cut in Inches. 
& et in Pounds per Inch 
Draught Running Light on 


3,306 | 135.4 
3.425 | 1338 
4.22 


2.97 | 83.2 
3.53 | 149.6 
3.10 | 734 


Trial IIT. on barley in No, 3 Field, August 17th and 18th. 
Trial IV. in sewage rye grass in No. 5 Field, August 18th. 























Load on | 
heels and | 


| Man weigh- 
|} ing 124 Ib. | 


| 


n Shafts. 
| Right or Left-handed. 


ry and Number of 


Size of Driving Wheel. 


Rakes. 


Arrangement for Delive 


Knife 


ingers. 








tive Gaps Exposed in 


for Cutting. 
Distance between Centres of F\ 


Effective Width for Cutting. 


Material of Fingers. 





Self 
with 


g% | At Saddle Chain o 


= 
w 
3 


; 
t 
i 


ine | 51 | Lett { 


323 73 | Left 


| 
459 | 37 | Left 
th les 
t79 17 |Right | < tre 
| 
| 
516 | 31 Lett | 
| 
\553 | 25 | Lef: 


ad 





all controflable 
Manual, 
delivery 
Manual, back) 
delivery 


Manual 

delivery 

rak ) 

oilable all or >|2 7} by 63) 6 
none | 

Manaal, back 


delivery | 
Manual, back ) | 
deli | 


delivery ) ft. in. 


3 rakes, 


) 
back ) 
5 


j 
back 


e8, con-) 


Hl 


{\2 6 bys 


iron steel- 
plated 


=> | De pth of Effec 


(Mi 
- | i cas 
t i Sootenet 


iron steel- 
plate i 


t 


af 


iron steel- 
plated 





Malleable cast- 


alleable cast- 


Direction of Thrust of Crank, 


Full Stroke of Orank. 


| 
23 Down| 


j 


( Malleable cast- 
3 


Malleable cast- 


} \54 Down 


fe Bas 


| 

Trial I. in No. 2 Field 
| (Wheat), August 14th and 
| 15th, on Dynamometer for 
Qualification in Draught. 
| 


per Single 





per Minute 
per Minute, 


Speed of 2) 


Foot-Pounds of Work 
at Actual Speed. 
Mean 


Miles per Hour. 


raught in Pounds. 
iL. for excellence of work on wheat in Field 2, av 


| 
| 


Advance of Muchine in Inches 


_ Cut of Knife. 
Fout-Pounds of Work 


Height of Cut. 
assuming 


| Speed in Miles per Hour. 


| Mean D: 


31,320 
| 


| in. 
4.12) 4 [2.64 29,700 





| 135 


34 
35 
3.64| 34 


41,756 
38,654 
26,268 


2.85 | 82.8 |20,783 | 18,229 | 





2.53 | 130,3 |29,057 | 28,686 | 


2.67 
2.87 
2.66 


86 | 20,322 | 18,931 
140.6 |35,572 [30,932 
93 [21,762 | 20,460 


gust 15th, all machines tried 


which was disqualified for oraught. 


Trial IIf. on Dynamo- 
meter in Field 2, and on 
Farm - road adjoining. 

| Four Machines selected, | 
all Machines set at 4 in. 

Height of Cut. 


| Deonas in Pounds per Inch 





$ a8 in Trial III. 


ght on Farm- 


Mean Draught in Pounds. 
Draught Running Li 


road, 


Width of Cut. 


Speed in Miles per Hour. 
s | Mean Width of Cut in Inches, 


a 
- 
ss 
% 
we 


| | 
2.49/ 136 | 


} oJ 
2.64 107.6 |48,2 
| | 


on tarley in Field 3 the same machine 


| 53.3 


| 


82.46 43.6 |1,89 | 32.05 


| 


ra 
(2.26 | 142.9 32 leas 53 


il 


except Brigham's, 


August 17th, Trial IV. 


2.6 


Trial 
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A NEW SYSTEM OF PERSPECTIVE 
DISPENSING WITH GEOMETRICAL LINES OF CONSTRUCTION. 


(Continued from page 8.) 

Points.—We have already shown that the actual or- 
dinates of any point in nature supposed to be measured 
upon the axes of the nina ees being known, 
and the distance of the co-o te plane at the 
moment of measurement being also known, it will 
be only necessary to multiply the ordinates X and 
Z by the reciprocal of the distance in order to trans- 
form them into the co’ nding ordinates x and z, 
to be laid down 7 the picture by scale and off- 
set in order to determine the projection of the 

int. 

The reciprocal of the distance can be easily deter- 
mined by simple division, but it can be found at 
once by a reference to the Table A, given on the 
next e, and the construction of which may be 
described as follows : 

The numbers on the left in each column represent 
the ordinate Y or distance in front of the perspective 
plane of any given point in space, in terms of the 


dimension assumed as a measure of the objects to| x 


be ye poop! represented. The numbers on the 
right of each column are the corresponding decimal 
multipliers employed to transform the ordinates X 
and Z of the given point in space, into the ordinates 
g and z of the projection of such point to be laid 
down by scale and off-set on the surface of the 
picture. 

In order to accommodate the Table to the decimal 
division of the scales and offsets generally in use, 
we have assumed the number 10 to represent the 
distance of the perspective plane from the eye of 
the observer. In calculating the valuesof the decimal 
multipliers, the scales generally in use are divided 
decimally, the divisions being numbered from both 
ends, 0, 10, 20, 30, &c., each division containing 10 
subdivisions. We can take the divisions or subdi- 
visions of any scale we may choose to adopt, to re- 
present any dimension whatever, English or foreign, 
which we may select as the measure of the natural 
objects to be represented. 

we take the divisions of the scale to represent 
the dimension assumed, the subdivisions will repre- 
sent tenths of such dimension, hundredths bein 
taken by estimation ; but if we take 10 divisions of 
the scale to represent the assumed dimension, the 
divisions will represent tenths and the subdivisions 
hundredths. 

Taking D to represent the distance of the per- 

tive plane from the eye of the observer and d 

e dimension assumed (inches, feet, yards, &c.), by 
which the natural objects are supposed to be 
measured, then, 

If D = 10d, the numbers in the Table will give 
the exact value of the decimal multiplier to be em- 
ployed in each case. 

ut if we increase the distance D to 20d, making 
it twice the former distance, and still take the ordi- 
nate Y according to the former dimension, we must 
divide Y by 2, before taking the decimal multiplier 
from the Table. 

If we increase the distance D to 30d, we must 
divide Y by 3, and so on, according to the distance 
assumed, 

In the first case, we can work by the Table to one- 
tenth of the dimension assumed, in the other cases 
only to two-tenths, three-tenths, four-tenths, &c., 
according to the value of D, but as the distance is 
increased it will be evident that less accuracy of 
measurement will be required. 

The principle here involved may be illustrated as 
follows :— 

Take 0 4, Fig. 15 to represent D, the distance of 


A FIG .15. 
UZ 





the perspective plane, B4=d (the dimension as- 
sumed) to represent the ordinate Y ; BA either the 
ordinate X or Z of a point in space at a distance 
4 from the perspective plane, and 4 a the correspond- 
ing ordinate 2 or z of its projection. If we take D— 
10d, 4 a will evidently =}9 of BA. 

aking the same letters to represent the corre- 
sponding distances and ordinates in Fig. 16, but as- 
a> 6=D=20d = B = Y edmal to twice d, 
it will be evident that in this case also 5a = 39 B A, 
but as the Table is calculated to a distance of 10 d, 
this variation of the ordinate X or Z will corre- 





d to a number =} Y when the distance is in- 
— to 20d; and so on for any other multiple 
of 10. 


A FIG .16, 





The Table is calculated up to Y=90 ; at this point 
we may suppose the distance D= 100, and then 
carry on the proporti diminution of the ordi- 
nates X and Z upon this supposition, dividing the 
value of Y in this case by 10, which may be done 
by merely moving the decimal point one place to 
the left and commencing from the values of X and 
Z found when Y=90. In the following examples 
we shall suppose d to equal one foot and D 10d; 
the scale employed being that of twenty sub- 
divisions to the inch. With regard to the ordinates 
and Z, we can work to one or two places of deci- 
mals according to the nature of thesubject or distance 
of the object to be put in perspective, but as Table 
A is only calculated to one place of decimals, in find. 
ing the decimal number corresponding to any distance 
involving two or more places of decimals, we must 
take the next nearest number to one place ; for ex- 
ample, if the number should be 8.57, 7 being greater 
than 5 we take it at 8.6 the decimal number in the 
Table corresponding to which is .5376. On the other 
hand, if the number should be 8.53, 3 being less 
than 5, we take it at 8.5, the decimal number in the 


Table corresponding to which is .5405 In general’ 


we take the corresponding decimal numbers on the 
right in each column to two places upon the same 
principle, but when accuracy is required, or the 
dimensions of the subject minute, or the distance of 
the objects to be represented considerable, it may 
be desirable to take the decimal numbers to three 
or even four places. 


EXAMPLES. 
Example 1.—We shall —e the ordinates of the 
point in space to be X=6, Y=5, Z=—4. By a re- 


&| ference to Table A, we find the decimal number 


corresponding to 5 te be .6666, which we take as 
.67, adding 1 to the hundredths in consequence of 
the next lower number being ter than 5, 6. 
multiplied by .67=4.02, and 4 multiplied by the same 
number=2.68, therefore the ordinates of. the pro- 
jected point are : 


x=4,02 and z=2 68. 
We shall write the ordinates of both points thus : 
6. ud 4 


4.02 .67 2.68 

the numbers above the line to the left and right 
being the ordinates X and Z of the point in space, the 
number above the double line in the centre being 
the number corresponding to the ordinate Y or 
perpendicular distance of the given point in front of 
the perpestive plane, the numbers below the line to 
the left and right being the ordinates z and z of the 
projection of the given point, and the number in the 
centre below the double lines being the decimal 
number corresponding to the distance. 

Having found the ordinates x and z of the re- 
quired projection we have only to lay them down on 
the picture by means of the scale and offset as 
already described. 

Example 2. . 

& 8 £ 

0 3 0 
The three ordinates X, Y, and Z of the point in 
space being equal to 0, implies that the point indi- 
cated is coincident with the point of view. 

Example 3. 

0 


} 5. 
0 67 0 
The ordinates X and Z of the point in space being 
equal to 0, implies that the point is exactly opposite 
to the eye of the observer, being situated somewhere 
on the axis of Y or line of distance, and consequently 
whatever may be the distance the projection of the 
point must evidently be coincident with the point of 
view in this case also, 
Example 4. 
ae 
é. L 0 
The two ordinates Y and Z being equal to 0 im- 
plies that the point indicated must be in actual con- 
tact with the perspective plane, situated on the 
horizontal line at a distance=6. from the point of 
view. 





Fuample 5. . . 
9 ¥ 4. 
The two ordinates X and Y being equal to 0 im- 
plies that the point indicated is in contact with the 
a plane situated on the vertical line ata 


ce = 4 from the point of view. 
Example 6. 
BA Sree 
4.02 67 0 


The ordinate Z being equal to 0 implies that the 
point in space is situated in the horizontal plane, 
and consequently its projection on the horizontal 
line on the picture at a F sre ce from the point of 


view=4.02, 
Example 7. 


6 

The ordinate Y being equal to 0 implies that the 

point in space is in actual contact with the per- 

spective plane, and the multiple in this case being 

1 the distance represented by X and Z are set down 

on the picture according to their actual dimensions 
by scale measuring from the point of view. 


Example 8. 


elo 
ela 


4 

0 67 2.68 
The ordinate X being equal to 0, implies that the 
point is situated somewhere in a vertical plane, 
passing —- the point of sight, consequently its 
projection will be in the vertical line passing through 
the _ of view at a distance above, or below it 


0 5 


(To be continued.) 





LEY AND PINKER’S METALLIC PACKING 

To users of high-pressure steam, who know by expe- 
tience the trouble and expense of continually repacking 
piston rod and valve spindle glands, an efficient metallic 
packing is an object of great importance, more especially as 
after numerous trials extending over two years and a half it 
has fully yielded the many advantages set forth to be gained 
by the use of it. In using the packing illustrated below, 
it is necessary to have the metallic rings fitted well to the 
rod, also to cut the hard canvas packing A A in net lengths, 
that the ends may butt, and to have one turn of the canvas 
at the bottom of the box; then a metallic ring B B is fol- 
lowed up with alternate layers of canvas until the box is 


a 
. 


full, care being taken to place the joints of the metallic ring 
clear of the canvas joint. On the gland being screwed 
up lightly, and after working a short time, the canvas pack- 
ing assumes a shape the reverse of the rings, and is thereby 
kept from touching the rod. 

One great advantage of this packing is, that the rod 
requires no lubricant, and by it the inconvenience of hot 
piston rods is avoided. The metallic rings are in halves, 
with lap joints, so as to present a fair surface. As a proof 
of the lasting qualities of this packing, one of the Pacific 
Steam Navigation Company’s steamers was fitted with it 
over two years ago, and since that time has made five 
voyages to and from Callao, and has recently gone on 
the sixth voyage with the original packing. Other 
large ocean steamers have tried it, and found it ad- 
mirably adapted for its work. It is also in extensive use 
on stationary engines in mills and collieries, and on loco- 
motives it has shown a decided advantage, owing to its 
working well at the highest pressures of steam. This 
packing is being introduced by Messrs, Pinker and Adam- 
son, of Liverpool. 
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Tue Drarnace or DupLEY.—Some time we called 

attention to the state of workmen’s houses and the drai 

of Dudley ge yy. The Earl of Dudley resolved 

ameliorate state of things and offered land for the 
of receiving the sewage. Last week at a mecti 

Town Council this liberal offer of a site was acce’ ed, 


of 

and a sub-committee to carry out the ' 

We should be glad to this example followed by other 
i of our crowded mi and 


noble landlords in various 
; ing district 
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SYSTEM OF PERSPECTIVE: TABLE A— (Se preceding Page.) 


20. 3333 80. 2500 40. 2000 -1667 1418 70.5 
20.1 8322 80.1 -2494 40.1 -2003 . 1664 60.6 1416 70.6 
20.2 8811 30.2 -2488 40.2 1992 -1661 1414 70.7 
20.8 8300 30.3 .2481 40.3 1988 \ 1658 x 1412 70.8 
20.4 .8290 30.4 2475 40.4 : y 1656 i ‘ 70.9 


20.5 3279 30.5 2469 40.5 . . .1653 ‘ . 71. 

20.6 -3268 30.6 2463 40.6 1976 x 1650 ° 71.1 
27.7 8257 80.7 2457 40.7 1972 1 -1647 - . 71.2 
20.8 -8247 30.8 2451 40.8 -196 . 1645 d ‘ 71.3 
20.9 8236 80.9 2445 40.9 -1966 x 1642 ‘ 71.4 


21. 8226 $1. 2439 41. ° .1639 , ‘ 71.5 
71.6 


2i.1 8215 81.1 2483 41.1 1957 3 ’ ’ : . 
212 8206 81.2 2427 41.2  .1953 2 : ; - 71.7 
4695 21.3 8195 81.3 2422 41.3 j 2 71.8 
4673 214 3185 314 2416 414 .1946 3 71.9 
4651 x 8175 81.6 2415 41.5 .194: i : 72. 
4630 21.6 3165 81.6 .2404 41.6 1938 y ’ ; 72.1 
4608 3155 81.7. .2898 41,7 ‘ ‘ . ‘ 72.2 
4587 . 3145 31.8  .2392 41.8 : . T : 72.3 
4666 a 3135 31.9  .2387 41.9 y f 52. 7 72.4 
4645 . 3125 82. .2381 42. ; 72.5 
4525 2. 3115 82.1 2875 mero ¢ . ‘ . a 72.6 
4504 2.2 .8106 82.2 .2370 423  . . . 7 72.7 
4484 .£ .3006 $2.8 2364 42.3 .191% . . 72.8 
4464 2. .3086 82.4 .2358 424  , 4 . 72.9 
4444 2. 8077 82.5 .2353 425 . . é ; ‘ 73. 
4425 22. .3067 82.6  .2847 2.6 . : 73.1 
4405 .8058 32.7 .2342 42.7 
4385 2. 8049 32.8 .2336 42.8 
4367 . 8040 32.9 .2331 
4348 3. .8030 33. .2326 43. 
43829 3. 8021 33.1 .2320 43.1 
4310 8012 33.2  .2316 
.4292 .8003 38.3 .2309 43.3 
4273 2994 43.4 2304 
4255 . .2985 83.5 2299 43.6 
4237 3.6 .2976 83.6 .2294 43.6 
.4219 ‘ 2967 83.7 .2288 43.7 
4286 ¥ 2959 83.8  .2283 43.8 
4184 3. .2950 83.9 .2278 
4167 2941 34. .2273 44. 
4149 C .2933 84.1 .2268 44.1 
4132 ‘ 2924 34.2 .2262 

A115 , 2916 34.3 .2267 443 
.4098 . 2907 84.4 2262 
4082 ’ .2899 84.5  .2247 44.5 
4065 .2890 84.6 .2242 41.6 
4048 . .2882 34.7 2237 44.7 
4032 ' 2874 84.8  .2238 44.8 
4016 .2865 84.9 2227 
.4000 ’ .2857 35. 2222 45. 
.3984 5. .2849 35,1 2217 45.1 
“3968 5.3 2841 35.2 2212 45.2 
.3952 .2833 35.3 .2207 45.3 
8937 .2825 35.4 .2203 45.4 
3921 ' .2816 85.5 .2198 
3906 " .2809 85.6 -2193 
3891 t .2801 35.7 —-.2188 45.7 
.3876 .2793 35.8 .2183 45.8 
.3861 .2787 85.9 .2179 45.9 
.3846 .2778 36. 2174 46. 
883 .2770 36.1 .2169 46.1 
381 2762 36.2 .2165 
.8802 é .2755 36.3 2160 46.3 
.3788 .2747 86.4 .2155 


8774 . -2740 86.5 2151 
8759 . -2732 36.6 -2146 46.6 
3745 26. 2725 36.7 2141 46.7 
8731 . 2717 36.8 .2137 46.8 
8717 . .2710 36.9 2132 46.9 
-8704 . -2703 37. 2128 
3690 : 2695 : .2123 
3677 “ -2688 37.2 2119 
3663 ¢ 2681 a 2114 
3650 J 2674 37. 2110 
3636 , 266 -2105 
-3623 27. .26 5 2101 
-3610 ° 265% : 2095 
3597 26 i -2092 
3584 R 2 .2088 
3571 . ‘ 2083 
2079 
.2075 
2071 
-2066 


2062 
-2058 
-2053 
2049 
-2045 
-2041 
-20387 
.2033 
-2028 
2024 
.2020 
-2016 
.2012 
2008 
.2004 
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MECHANICAL ACTION AT A DISTANCE. 
To THE EpiTor oF ENGINEERING. 

Srr,—Having read with great interest the papers and 
setters that have lately appeared in rj as to the 
transmission of force, I venture to offer a few observations 
on the subject. 

In discussing the question whether bodies can act 
upon one another at a distance, as by attraction or repul- 
sion, or whether there must necessarily be some material or 
ethereal communication between the bodies for the trans- 
mission of the mechanical influence, much stress has been 
laid upon the difficulty of conceiving the ——- of 
action without actual contact, but it seldom or never 
been asked how action can be conceived to take place when 
there is absolute contact. If it be assumed that one body 
in motion is made to impinge on another body at rest, then 
the former has to give up the whole or part of its force and 
motion to the other, which for its part receives the whole 
or part of the force and motion, according to the particular 
conditions in respect of elasticity, hardness, or softness of 
the bodies dealt with. Now the or of a solid body 
merely means that the molecules of which it is composed 
are kept at some distance apart by some force, which, for 
all we know, may be some inte fluid such as ether, 
but that they can be pressed more nearly together by a 
superior force, and when relieved from this pressure th 
return to the —- which they previously occupied. 
Although a body, which is an aggregation of molecules, 
may in this sense be elastic, it does not follow that each 
individual molecule is also elastic. If it be so, then it must 
consist of particles which are themselves kept a from 
each other. These again may be elastic, and their con- 
stituent particles may in their turn be elastic. But there 
must be a stage of subdivision where the constituent atom, 
by whatever name it may be called, must be conceived to 
have no separation of its parts, in fact, to be absolutely 
hard, capable, like other bodies, of being moved as a whole, 
but incapable of having any subsidiary movements of the 
parts of which it consists. In like manner, if there be 
such a fluid as ether, its molecules, or their particles or 
atoms must be hard and unyielding in the sense of change 
of form, and susceptible only of change in respect of posi- 
tion in space. In the case then where a y in motion 
impinges on a‘body at rest, either the foremost molecule of 
the one comes in absolute contact with the hindermost 
molecule of the other, or, if there be an intervening atmo- 
sphere of ethereal fluid, the molecules of that fluid must be 
brought into absolute contact with each other for the 
purpose of transmitting the motion from the one body to 
the other; it being assumed that mechanical motion or 
force cannot be transmitted through void s , or in other 
words, that there is no such thing as mechanical action at 
a distance. 

Before proceeding to trace the effect of contact of mole- 
cules it is interesting to inquire whether it be possible to 
conceive such a phenomenon as the instantaneous genera- 
tion or annihilation of motion. It is quite conceivable that 
motion should begin from nothing and gradually increase 
until a great velocity is attained, and in like manner that 
velocity may diminish until it becomes nil. Nay, the rate 
of acceleration in the one case, or of retardation in the 
other, may be conceived to be very great, and indeed if an 
infinite force were employed in either case, this rate would 
doubtless become infinite, that is to say, the generation or 
the annihilation of the motion would become absolutely 
instantaneous. Subject then to the condition of an infinite 
force being exerted, that is to say, either an infinite amount 
of pressure on a finite mass, or a finite amount of pressure 
on an infinitely small mass, the instantaneous generation 
or annihilation of motion is conceivable, if infinite quan- 
tities be conceivable at all. But take away this condition 
of infinite force, and it is no longer possible to conceive of a 
material body being put into a definite state of motion from 
a condition of rest, or brought from a definite state of 
motion to a condition of rest, or have its state of motion 
altered from one velocity to another without the lapse of 
some time in which the change has to be wrought. 

Taking then the case of a molecule a, whether it be of 
matter or of ether, and that molecule one of the ultimate 
class, that is to say, perfectly hard and incapable of 
change of parts within itself, and assuming that this mole- 
cule is in motion at any particular velocity, and while so in 
motion that it comes into absolute contact with another 
molecule 6 of the same kind which is at rest, then one of 
two things must happen : 

1. a@ loses all its velocity, coming to rest and imparts it 
a 6, which starts with the velocity of a in the same direc- 

ion ; or 

2. a loses half or some other fraction of its velocity, 
which it imparts to b, and both go on together at half the 
—— velocity of a, or some fraction of that velocity. 

the former be the result, then the condition of con- 
servation of vis viva is complied with, but saddled with 
the inconceivable condition of instantaneous creation of 
motion in } and instantaneous annihilation of motion in a 
without the intervention of an infinite force, for a being of 
definite mass and having a definite velocity, has necessarily 
a finite force in relation to b. 

If the latter be the result, then there is the same diffi- 
culty as to the instantaneous creation and annihilation of 
half the motion, and moreover the vis viva is half annihi- 
lated, for two of mass with half of velocity has a vis viva 
only half of mass one with velocity one. 

In like manner, if the velocity of a moving body can only 
be changed by absolute contact with some body moving at 
a different velocity, there must arise among the molecules 
that actually come in con the inconceivable condition 





of instantaneous change of motion, without the intervention 
of an infinite force to produce it. 

If, on the other hand, it can be assumed that bodies do 
act on one another at a distance, or. without absolute con- 
tact, then the whole difficulty of instantaneous change of 


motion disappears. It would not matter how small the in- 
terval of space is h which bodies could thus act, 

however small it would still occupy some time 
ck its a, a ~~ | the motion eee end taken 

m the one and gradually given e other. 

Let it be onanek for example, that the molecules of 
bodies are kept at some distance apart from each other by 
a repulsive force, whatever that may be, it being, how- 
ever, a pressure that acts h the distance inter 

adjacent molecules. may be further ass 

that this force is in some related to the distance at 
which it acts inversely, that 1s to say, the smeller the 
distance the greater the repellent pressure, as in a spring. 
The front molecule of the moving body a and the rear 
molecule of the stationary body b may be imagined to be 
pressed outwards from the rest of the mass each a 
spring that becomes more powerful when compressed. Now 
let a approach b as nearly as the molecules of either a or 
b are situated in relation to each other. Then the front 
and rear molecules respectively of the two bodies have had 
as it were introduced between them a sp of the same 
character and strength as that by which is held away 
from its own mass, in other words, the front molecule of 
@ is placed between two springs, and that of b is likewise 
between two springs, the former moving onwards and the 
latter at rest. Given now an interval of time, however 
short, during which the three springs have undergone a 
certain amount of compression, then obviously the a mole- 
cule must have lost a little of its or the b mole- 
cule must have acquired a little. And her, the whole 
mass of a behind its front molecule must have undergone 
certain retardation due to the increased pressure of the a 
spring, whilst the whole mass of b must have acquired 
certain velocity due to the increased pressure of the b 
spring. Let a number of successive intervals of time be 
taken, and the result will be that before actual contact of 
the front molecule of a with the rear molecule of }, the mass 
a will have lost and the mass b will have received an amount 
of motion dependent on the numbers and conditions of their 
respective molecules. i 

If, instead of a ing the springs to exist only for the 
extreme molecules (which has been done above in order to 
simplify the discussion) all the molecules of each mass be 
supposed to be held in position as it were by interposed 
springs, then the phenomena of change of motion resulting 
from impact will follow more clealy. Not only so, but if 
heat be taken to signify molecular motion or disturbance, 
then the development of heat by impact, or in other words 
the conversion of a certain amount of vis viva into heat 
will be a necessary result of the collision of two bodies 
such as have been assumed. 

It may be said that, although it be true that the mole- 
cules of material bodies are kept apart by some force which, 
for want of a better name, may be called repulsion, yet 
this is really the result of the action of some ethereal fluid 
interposed letivenn the molecules, this fluid constituting 
the medium by which force, repellent or other, is com- 
municated from molecule to molecule. But this, instead 
of overcoming the difficulty, removes it only a step further 
back, for whatever is true of material molecules in respect 
of change of motion must be true of ethereal molecules, 
otherwise the latter are of some kind altogether inconceiv- 
able. If, in order to communicate force, there must be 
absolute contact, then between each pair of material mole- 
cules of a body there must be a row without interstices of 
ethereal molecules. If there be no interstices between 
the latter, then it would be impossible to bring the two 
material molecules nearer to one another. If there be in- 
terstices, then one ethereal molecule has to exert mechanical 
action on another without absolute contact, a result as 
difficult to conceive in relation to ether as it is in relation 
to matter. 

Much has been lately written as to the vibratory 
condition of molecules both material and ethereal. If 
they do vibrate, they must make excursions to a certain 
distance in some directions and return in the opposite 
directions. What brings them back? If they are driven 
back by striking others of the molecules, then there 
are constant sets of impacts with all their attendant diffi- 
culties of instantaneous creation and annihilation of motion. 
If they are brought back without impact, then they must 





be subject to some force acting ata distance, without ab-| P 


solute contact or without any substantial medium through 
which such force is transmitted. : 5 song 

If it be assumed that the molecules, instead of vibrating, 
revolve in orbits, it may be asked what retains them in 
those orbits. 

If there be no centripetal force, then the molecules would 
obviously fly off at a tangent. If there be some centripetal 
force, it must either be some attraction to a centre, ob- 
viously a force acting at a distance, or it must be a ree 
sure from outside of the orbit. This also must be a force 
acting at a distance, for if not, the only possible ei pera 
tion of such a force acting by absolute contact would be to 
suppose the orbit of each mo to be surrounded by a 
continuous ring or shell of molecule which it rubs or rolls 
against in its course. If this be so, then the molecules 
oudieing the enclosing fence must necessarily be sta- 
tionary, and if there be molecules revolving in all directions, 
some of these fences must give way to some of the molecules 
and yet resist others of them. ; 

Upon the whole it would appear that if the advocates of 
material communication for force would only pee Ayo 
principles to their legitimate conclusions, they would find 
themselves landed in such an abyss of inconceivables that 


that case? and an ether of the third order to effect the 
co. of molecules of the second, and so on ad 
infinitum ? 


T am, yours truly, 
JouN Imray. 
20, Southampton-buildings, August 22, 1876. 





THE ORIGIN OF MOTION. 
To THE Eprror or ENGINEERING. 

Srr,—It is rather with reluctance than otherwise I take 
the pen in defence of convictions ably assailed by con- 
tributor of the above articles, for whilst he has t ht fit 
to strengthen himself with a close alliance with Newton, 
I think from the unimpassioned and philosophic tone of his 
articles he is fully competent to weigh a subject and arrive 
at a decision without foreign aid. But he has (I think to 
his own tion) preferred to advance his views under 
the sheltering wing of Newton, where in your last impress 
I also perceived your correspondent, Mr. ‘I. I. Pollard, had 
fled for shelter. I hope you will allow me to advance a few 
truths concerning Sir Isaac Newton not generally known. 
There is a v pe ular error that the i] philosopher 
beheld an apple from a tree, which called up in his mind 
a train of reflections, ultimately culminating in the immortal 
discovery of gravitation. Very different was the truth 
from the pretty, popular fable. Years before Newton set 
foot on this terrestrial ball, the masterly labours of his pre- 
decessors had revealed more knowledge of gravitation t 
is known to the t bulk of the peome alive at this hour. 
I think it should be widely known that Galileo had pro- 
claimed gravitation as the moving power of the universe 
years before Newton was born, and had instituted a series 
of the most important investigations. He knew that bodies 
fell 16.1 ft. per second ; he knew that bodies fell a distance 
increasing as the square of the time; he knew and 
demonstrated, to the consternation of his opponents, 
that bodies of differing weights fell through the same 
distance in the same time. The experiment was 
conducted from the Leaning Tower of Pisa with perfect 
success. He must have known as much about ‘gravitation 
as any living soul that has followed him, for nothing but 
a clear conception of gravity could have suggested the ex- 
periment. Iam bold enough to say there is not one in a 
million living this day that can tell the reason why bodies 
of differing weights fall in the same time ; many know om 
do, but ileo must have known the reason why, an 
“= who know why, know gravity and its action. 

hat then, it may be asked, did Newton have to do in 
the matter? It had been suggested from reasoning that 
gravity decreased in power as the square of the distance 
from the attracting body, and it was known the moon 
offered a means of proving the reasoning, providing they 
knew her distance and the size of the earth ; if they had 
this knowl the rest is a schoolboy’s sum. They had 
not a knowledge of the earth’s diameter till Picard, a 
Frenchman, obtained it, then the work that fell to Newton’s 
share was quickly done; the P ing master minds 
‘* shuffled off this mortal coil,”” and the simple duty of de- 
monstrating their reasoning just, was performed with 
— ability by Newton. I cannot but think the day 
will come when the claims of all who laboured to demon- 
strate gravity, the great captain of inanimate matter, will 
be weighed in a more impartial balance, wherein Newton 
will be found wofully wanting. 

Elated with success we now find Newton become the 
ex lawgiver of all things concerning science ; he gave a 

w for the time of bodies cooling that sent all the students 
for a few generations headlong, till two daring Frenchmen, 
Dulong and Petit, questioned the law, and found it 
only held good between 15deg. and 20 deg. Cent. — the 
gigantic intellect of Newton forgotten to try higher 
or lower temperatures; next he propounded his famous 
theory of solar emission, and such root did this take that 
none dare to question its truth ; of the few who dared to 
raise their voices, Professor ‘l'yndall in his magnificent 
work of ‘‘ Heat a Mode of Motion,’’ bears witness to the 
crushing weight of Newtonion authority they,had to endure. 
At length with a courage the consciousness of truth imparts 
Dr. Thomas Young turned the tide by the publication of 
the Undulatory Theory, but only to be denounced by the 
ress as and absurd, 

When, therefore, Sir, your contributor and correspon- 
dent call in the weight of Newtonian authority, that their 
especial theory may, by your readers, be accepted as an 
article of faith, I humbly hope you will do me the justice 
to publish this version, so that they may know what faith 
is to be placed in improved Newtonian opinion. 

My question asked in a former letter and pronounced by 

our correspondent a shrewd one, was unnoti 

your contributor, and unanswered by either. I solicit 
your kind permission to repeat it in its simplicity; I am 
desirous to know if any one throughout the wide world can 
inform me how a vibrating molecule can convey a mes- 
sage of power in no time? It is a simple question, professed 
to be easily swallowed by non-believers in ‘‘ action ata 
distance.”’ 

I am, Sir, your obedient servant, 
RICHARD SHEWARD. 





AMERICAN pore ne Sate authorised in a 
Bill which has been submitted to the American Congress, the 
following may be mentioned: Tonawandu Harbour, New 
York, on the outbranch of Niagara River ; at the mouth 
of Tonawandu Creek, and extending north and south 


they would gladly return to the assumption of the possi-| therefrom; Sackett’s Harbour, New York; harbour at 
bility of force Bei communicated t h a distance | White Hall, at the south end of Lake Champlain, to pro- 
without any means of transport, material or ethereal. Let| cure 12ft. of water ; Cohassett Harbour, Gloucester é 
them means have their ether for conveying force | bour, and Man-of-War Shoal, Massachusetts ; that _— 
from the sun to the planet, from the planet to the satellite, | of the Monongahela and Alleghany Rivers lying within and 
or from one material molecule to another, but what of the | along the boundaries of the city of Pittsburg; Delaware 





molecules of this ether itself? Is there to be an ether of 
the second order to form the medium of communication in 





River near © Island Flats; and Delaware River 





between Potty'e nel Smith’s Island. 
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THE MUSCONETCONG TUNNEL.* 
By Henny S. Dutrxzs, E. M. 
(Continued from page 130.) 
driving east from the 
During July it was 


pum w rapidly enlarged the 
inal aperture, the material being soft. men working 
in heading No. 4 had barely time 

quickly filled with water some 40ft. up and the pump sub- 























| getting up to the face of the main 
escape, as the shaft was | i in i 
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; the body, as it invariably 
dammed itself, after doing all the damage possible. On 
i i water came 


he bottom on November 4, at 10 p-m., but this 


time was mastered by the miners quickly throwing across 
three dams in succession in which the sand lodged, so that it 
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i slope worki: “bein 
wor in 
t one, and as the heading 


No os. 1 and 2 about January 

and 3 met, thus affording 

connexion and slope workings, and leaving 
only the west heading, No. 1, from the bottom of the slope 
east, and the east heading, which had been from the firet 
driving steadily west, with about 2335 ft. yet to drive between 
them. As No. 1 advanced, the water was found to have been 
tapped by the drill-hole that first struck it, in a run-way in 
the limestone, about 2 ft. wide, cutting across the line of the 
tunnel. The rock was found to continue so bad that it was 
































Two No. 7 Niagara pumps were at once placed on the cage, 
lowered to water level and started; while gaining on the 
water, they did not lower that standing in the slope, leading 
to the unpleasent inference that this was a new reservoir, 
and that shortly all Jersey might be in with a determined 
effort to prove herself most indubitably interested, at last, 
in the cold water movement. By the 19th of August the 
water was pumped out, and it was found that, far from being 
exhausted, it had, in fact, dammed iteelf, the heading being 
completely blocked with sand hal® the distance from the 
face to the shaft. This was nearly cleared by the 2ist, when, 
at 9 a.m., the water again broke in, this time bringing more 
sand with it, stopping the flow quicker, so that the water only 
rose some 25 ft. in the shaft. 

It was again pumped out by the 22nd, at 10am. Aftera 
delay of about a week, the heading was again cleared and an 
attempt made to drive it, by keeping a strong oak —_ dam 
ahead. This was put in about 20 ft. back of the old face, the 
aor wey Fes. caught at the ends by the heading props. A 
crevice below the bottom plank allowed the water to run out, 
and, the top plank being removed, enoug! material was dug 
out to allow this plank te be put forward und braced against 
the next set of props. Then the second plank would be ad- 
vanced likewise, and so down to the bottom ; by this method 
@ continuous dam being constantly kept up. With this the 
work was pushed throvgh the 20 ft. of sand up to the old 
face agai Taich wensetthel entiasianben 4, shen. on ob- 
tempt being made to drive on the heading, the water again 
broke in, at 4 p-m., with such irresistible force that in spite 
of every effort it broke through the dam and again drove out 
the men, filling the headings and part of the shaft. By p.m. 
on the 9th, the water was again pumped out, and men 
started to clearing up. Meantime the headings 4 and 5, de- 
signed to connect the shafts, had been pushed as rapidly as 
possible, work on No. 4 being resumed whenever the water 
was out of the shaft, and on 7 connexion was made, 


* A paper read before the American Institute of Mining 
at New Haven, Conn. 
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only rose some 2 ft. above the bottom, without attaining a 
steady flow. The lel heading, meantime, had been 
pushed on to a point (D) about 17 ft. in advance of the face 
of the main heading, making its total length 42 ft., and 
; cross-cut was driven south about 9 ft., toward the 
line of the tunnel. In it, by boring, the water was tapped 
on November 8 at 9 p.m., it seeming to lie between a lot of 
loose boulders in sandy soil. The pumps were run to the 
limit of their capacity, at first keeping the water under 
control ; but at the end of three days, being racked by in- 
cessant work, they gave out, and it rose to the top of the 
heading. By this time the steam shovel had advanced the 
second bench of the open cut to within 55 ft. of the second 
shaft, from which a heading, No. 6, had been driven 32 ft. 
west in October in readiness to meet the shovel. A heading 
was now started, November 17, in from the open cut, clearing 
the remaining 23 ft. by November 20, so giving, at last, a 
free vent to the water, which thereon spent its force in about 
40 minutes, running the headings full, and spouting out in a 
huge jet, then subsiding into a clear running stream, carried 
by a ditch in the centre of the heading. Driving on the 
main heading (No. 8) was resumed and it advanced in the 
next three weeks, still in earth, at an average rate, at. first, 
of 30 ft. per week; then, meeting the limestone at a point 
a from the shaft, progress was reduced to 20 ft. 
per week. 

Meantime, the water standing in the slope remained 
stationary at its first level. By the first of October, however, 
it bad gradually lowered to some 170 ft. from the top, or the 
ac to which the pumps had reduced it when the timbers 

roke, so that now it was found possible to keep the water 
down before the miners, the heavy head being off. The 
miners were, therefore, started to clean out and repair the 
damaged portions of the slope, and as soon as the water, on 
November 20, found SY eg np 3 outlet through the shaft 
headings, it at once a. anceee ee level of the top 
of the ing, or roof of the t . Now the height of the 
tunnel through rock is 18.4 ft. above base of rail. When 
arched it is 21 ft. in the clear above base of rail. Adding to this 
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decided unsafe to put in the machines, the constant jar being 
too heavy in loose rock. 

The dividing line between the limestone and syenite was 
soon reached. Water was also constantly met in new springs 
as the headings advanced, so that the contractor for a lon 
time was obliged to keep his pumps going steadily ; indeed, 
until the open cut was brought up to pon he and the bottom 
heading, that was subsequently driven, connected with the 
rock enlargement. 

After passing the dividing line of the limestone and sye- 
nite, the rock continued loose for some 200 ft., requiring 
timbering all the way as described above, when the loose 
limestone was first met in this heading. Through all this 
loose rock the packing ran regularly from 4 ft. to 5 ft. above 
the collars, ond cosedianaily as high as from 6 ft. to 8 ft. and 
even 10 ft., the collars being always put inso as to just clear 
a 2 ft. ring of masonry. is, of course, gave an immense 
amount of loose rock to remove, and retarded the progress of 
the work so that the advance gained did not exceed an average 
of 40 ft. per month until the middle of May, 1874, or about 
one year from the time the water first broke into the heading. 
Solid rock being reached, the drilling machines were put in, 
and the work at last might be called fairly started, with about 
1725 ft. of hard syenite still between headings; one of the 
hardest rocks, except trap, that has been encountered in 
tunnelling in our Eastern States—harder and tougher, it is 
said by judges familiar with both, than any body of rock 
encountered in the Hoosac Tunnel. 

And now a word as to these drilling machines. 

At the west end four Burleigh compressors were used to 
run the drills. These compressors were what are known or- 
dinarily as the ‘two-drill compressor,” consisting of two 
vertical air cylinders run by a horizontal steam engine. 
have the great merit of being extremely simple in construc- 
tion, and have won a well-deserved reputation by the work 
they have done at Hoosac, Nesquehoning, elsewhere. 
By consulting Fig. 6, a section of the air cylinder, it will be 
seen that the pistons (a) of the air cylinders are worked from 
a shaft, the cranks, 5 and c, of which are at an angle of 








Sepr. 1, 1876.] 


ENGINEERING, 








180 deg. With these the motor crank ¢ forms an angle of 
45 deg., so that the test work of the motor piston is de- 
Bi to correspond with the greatest resistance offered to 
the compression piston. The valves f and g are circular 
plates he in place by vertical guides. The com air 
from the two cylinders is driven into a common ber A, 
and thence conducted by pipes to a receiver, which serves to 
insure an equalised pressure, and from the bottom of which 
any water carried over by the air and condensed is tapped at 
intervals. This water is admitted ina jet through the pipe é, 
and serves to cool the cylinders, and in working down assists 
also as a lubricator. Four of these com were found 
sufficient to run the nine drills usuall 4 going in the 
heading and bench. To furnish steam for them four return 
tubular boilers of 45 horse power each were used. The com- 

ressed air was conducted by a 6 in. pipe, at first about 
T300 ft., and before the headings met about 3000 ft. before 
reaching the drills, and it was observed that the loss of 
pressure rarely exceeded from 2 lb. to 31b., and generally was 

till 


still less. 

The Ingersoll drill was adopted by Mr. McFadden after a 
careful trial, and used throughout the prosecution of the 
whole work, giving entire satisfaction. At first 3} in. and 
then 4in. drills were tried, but finally the 5 in. was decided 
on as by far the best size in the hard rock encountered. 
Fig. 6 shows a section of this drill, which sufficiently explains 
the principle on which it works : 1 being the feed ; 2, exhaust ; 
3, valve; 4, ports; 5, valve stems; 6, tappet; 7, piston; 8, 
an eight-threaded screw fitting into the piston, which eave 4 
receives the rotary motion necessary; 9, tappet from whic 
the motion is communicated by the bar, 10, to a pawl and 
ratchet movement acting on the feed screw1l. This is the 
so-called “improved Ingersoll drill,” and, it will be observed, 
the tappets and valve stems are entirely concealed by being 
placed inside, thus being protected from accident by careless 
workmen in starting the drill, as with this they are confined 
in starting to simply slightly moving a small lever, or some- 
times a ring connected with the tappet arm. This style 
of drill was found to run for months with little or no re- 
pairing necessary, and what repairs were required, were 
generally more in consequence of wear than b: the 
parts giving out first being usually the feed pawis and 
ratchets. 

The drills were mounted in the heading on two carriages, 
one on each side of centre line. These carriages were simply 
stout frameworks of oak, running on tracks carried up to 
the face of the heading, each supporting in front three hori- 
zontal iron bars, on which the drills were so clamped as to 
insure convenient lateral and vertical motion. Fig. 7 shows 
a front and side view, and plan of the fore part of one of these 
carriages, there being two in the heading, one on each side. 
After a blast, all hands are at once engeged in shovelling and 
filling the broken rock into the middle of the tunnel between 
the machine tracks, so as to clear the latter. As soon as the 
way is clear, the carriages are at once run up to the face, 
and drilling recommenced, and the broken rock subsequently 
removed by cars on a centre track. The heading being 26 ft 
wide, there‘ was room enough to accommodate the three 
tracks, and by proper switching there was rarely any deten- 
tion from want of cars. As to the manner of drilling holes, 
the west heading, after passing the loose rock, was all broken 
by the method of centre cuts, and subsequent antes up. 
This method was introduced at Musconetcong by Mr. William 
White, superintendent of mining for Mr. McFadden, and 
formerly superintendent for Shanly Brothers, at the west 
end of the Hoosac Tunnel. To his efficient management of 
both the rock and subsequent heavy timber work at the west 
end is due much credit for the rapidity and thoroughness with 
which the work was completed. Giant powder or dynamite was 
adopted as an explosive by Mr. McFadden. It is sold in two 

es, as No. 1 and No. 2, No. 1 being much the stronger 
and quicker in its action. Their composition, &c., will be 
— hereafter. 
his method of blasting by cuts is based, of course, on the 
extraordinary force developed by a com tively small bulk 
of explosive matter. It consists in first blasting out an 
entering wedge or core, about 10 ft. deep at the centre, and 
subsequently squaring up the sides y several rounds. To 
do this, first twelve holes are drilled by the six machines, three 
on a side, the holes placed as shown in Fig. 8, and marked 
C; A being the floor of the heading. These twelve holes 
are drilled two and two, six on a side, with from 1} in. to 
23 in. “ bits,” the two sets being started about 9 ft. apart, and 
at such an angle as to meet or cross at the bottom, the 
largest bits being put in first. They are then charged with 
about 25 1b. No. 1 and 501b. No. 2 giant powder, and fired 
simultaneously by electricity. No. 1 is only used for cuts, 
inasmuch as in them a quick, strong powder, comprised in a 
small bulk at the bottom of the holes, is required, where the 
greatest resistance will be found, while the No. 2 added, 
serves in filling the holes, so starting the sides of the cut as 
the apex moves. The cut being out, a second round of holes 
is started for the first squaring up, as shown by the numbers 
1,1,1,1. In these, and in the subsequent rounds, 2, 2, 2, 2, 
and 3, 3, 3, the resistance is pretty equally distributed along 
the whole length of the holes, and is also, of course, not so 
great as in the cut ; therefore No. 2 is used, as init the nitro- 
lycerine being mixed with a larger proportion of absor- 





nt matter, the force is thereby distributed over a greater | j 


space. 

In the first and second squaring up rounds, from 50 Ib. to 
60 Ib. of No. 2 are charged, and in the third, from 80 Ib. to 
90lb., the holes getting stronger as the arch falls at the 
sides ; there are generally also one or two additional roof 
holes in the d round that are not shown in the figure, 
their position being variable, according to the lay of the 
rock. The top holes in the first round are also designed to 
bring down any roof not shaken by the cut, and are therefore 
| ae a strong angle towards the centre, and always drilled 

12 ft. to 141t. deep. The horizontal projection of the 
above holes is shown in Fig. 7, where 3 shows cut holes, 


and 4, 5, and 6 the squaring up rounds. As to their relati 
depth, the holes of the fest cquating round ae alvaye 








drilled a foot or more deeper than the cut holes, and when 
blasted, they ly bring out a foot additional of 
rock at the apex of the cut. oe Table will ap- 
proximately show the number and depth of holes required, 
end ae poeees ened Re Cy ee 
work : 
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Now, allowing the cut holes to be 10} ft. deep, the cut will 
generally blast out about nine full- feet lineal, which, as 
explained above, is raised to ten in the subsequent rounds. 

Assuming the average cross section in an 8 ft. heading to 
be about 176 ft., for a lineal advance of 10 ft., 65 cubic 
yards of rock would be broken, which would give an average 
of ony four-tenths (0.4) lb. No. 1, and four (4) Ib. No. 2 giant 
powder burnt, and a little over 6 ft. of holes drilled, per cubic 
yard broken. 

This, however, it should be noted, would often be increased 
by occasional block or sides holes, and is assumed for a 
case in which no holes are supposed to have missed, and 
in which no secondary drilling and blasting is required. 
Proportionate amounts waull have to be for such 
cases. 

The above estimates are based on ordinary 10 ft. cuts ; there 
were, however, many instances of 12 ft. and 13 ft., and some- 
times 14 ft. cuts taken out by ambitious foremen, but even 
giant powder has its limit of strength, and working too deep 
cuts is not advisable, as they will often only blow out par- 
tially, leaving the rock in awkward shape. As to the division 
of time in heading work, to drill and square up a cut should 
take about four eight-hour shifts, with such rock as was met 
at Musconetcong, it being, as stated, unusually hard and 
tough. It will take one shift to drill and blast the cut, and 
one shift to each of the three rounds, and this with a force of 
twelve machine men (one driller and one helper to each ma- 
chine), six labourers for loading broken rock, one nipper for 
carrying tools, and a boss. On an average, however, this 
stan will hardly be reached, as it provides for no stoppage, 
no missed holes, and no accidents, and, unfortunately, tunnel 
headings, like all things earthly, are liable to occasional 
stoppages and accidents. However, a standard approximating 
this can be attained, and was attained in the west heading at 
Musconetcong, in the latter part of the work. With the 
advance stage drilling machinery has attained, engineers 
might now turn their attention more fully to devising in- 
creased facilities for the more economical removal of broken 
material; beyond a certain point it will be of no avail to 
reduce the time of we dsilling, for at Lig ay the wane 

rogress appears to be the time necessary for the removal o 
on 4 Till Sone improvement has been made in this particular, 
further improvements, to secure greater speed in drilling, 
will effect httle practical benefit. 

With reference to the comparative advantage of the use of 
a powerful explosive and deep cuts, Mowbray states, in his 
work on tri-nitro-glycerine, that, while visiting the St. 
Gothard Tunnel in 1873, he spoke of the obvious advan- 
tages of the method of blasting by cuts as then pursued 


at Hoosac, over the plan adopted in the workings at al 


0 
the Goeschenen end of the St. Gothard Tunnel, where -— 
were driving (in compact granite) first a et, 7 ft. hig 
by 6 ft. 6in. wide, and then enlargements of this heading on 
the left and right, whereas by cuts and squaring the whole 
heading could undoubtedly be more easily cleared at once, 
for not only does the method give more room and play to the 
machines, rendering them more easily handled, but in a small, 
narrow heading they cannot be set at such an angle as to 
insure the best work. 
(To be continued.) 





FOREIGN AND COLONIAL NOTES. 

Belgian Coal Exports.—In the first six months of this 
year Belgiom exported 1,802,000 tons of coal, as com 
with 1,930,000 tons in the corresponding period of 1875. 

Intercolonial Ruilway.—Mr. R. M. Stevens has been 
appointed inspector of locomotives on the Intercolonial 
Railway. 

Proposed Illawarra Railway.—A vote of 740,0001. 
for a line from Sydney to Wollongo been 
debated in the New South Wales legislature. An attempt 
made by those in favour of the line to have the debate ad- 
jo was negatived on a division. 

Northern of France Railway.—In the course of 1875, 
the Northern of France Railway Company opened new 
lines to the extent of 91 miles. In the course of this year, 
additional sections haye been o to the aggregate 
extent of 32} miles, and before the close of 1876 upwards 
of 90 miles more are expected to be brought into working. 
A line from Amiens to Canaples, declared Lo sa utility in 
June, 1875, will not be 'y for traffic before June, 1 
Six locomotives and tenders have been added to t 
rolling stock of the North Belgian lines worked by the 
company. 

Water of Sydmey (N.S.W.).—The Government 
of New Gout’ Wi aloe Les been appealed to to bring forward 





supply of the New Seath 
a eee 

large expenditure until that 
gentleman reported. 


Tramways in Paris.—The South Parisian Tramways 
Com has inaugurated a line worked ——- traction 
on the Hardin ig system. The line runs the Mont- 

i i Boulevards 
] St. Marcel, and de |’ Hopital ; 
it accommodates the Quartier de 1|’Observatoire, the 


Gobelins, and the Jardin des Plantes. When a line from 
the Orleans station to the Place du Tréne, vid the Boulevard 


Mazas, has been opened for traffic, it will be ble to 
make a tour of Paris by tramway, vid the ex boule- 
vards. 


Gas in Paris——The revenue of the Parisian Company 
for ee y Ege Heati y hy amounted in the first six 
months of this year to 895,6001. 

Crown Lands of New South Wales.—The estimated area 
of Crown lands under existing tenures in the thirteen dis- 
tricts of New South Wales is 139,221,601 acres. The 
present annual rental of this vast expanse is only 176,205l. ; 
{tis estimated that it would accommodate 762,364 catile and 
8,023,524 sheep. 

6 ae a 
ompany have repo: ‘or the ve 
months of tte. operations. The’ cominn of the present 
wharf and stores enabled the company to declare a dividend 
at the rate of 5 per cent. per annum upon the capital en- 
goeed in that portion the ing. T for 
conamatee th of 20 ft. atlow water have been accepted, 
the work is being rapidly proceeded with. Tenders for 
constructing a new wharf are to be called for at once, now 
that the greater portion of the timber has arrived. 


Sewers at Boston.—Two years since, the Boston Common 
Council forbade the turning of water from roofs into the 
streets of Boston, and upwards of 93,000 openings into the 
sewers had to be made to provide for this additional 
drai . There were about 1000 more deaths in Boston 
in 1875 than in 1874, and some of: the local physicians 
consider that this was due to the air being impregnated 
with sewer gas. 

Canadian Pacific Railway.—The first locomotive is now 
— the Canadian Pacific Railway at Thunder 
Bay, e Superior. Some 25 miles of the road are 
ready for the rails, which are on the spot. 


French Atlantic Telegraphy.—M. Pouyer Quertier is at 
the head of a company proposed to be formed with a capital 
g —— for laying a cable between Paris and New 

ork. 

Turkish Army Contracts.—The first instalment of a con- 
tract recently concluded between the Porte and an American 
firm for 40,000,000 Snider cartridges has been delivered at 
New York. The Turkish War ce has telegraphed in- 
structions to the Providence Tool amen , contractors 
for 600,000 Martini-Henry rifles, of whic! 300,000 yet re- 
main to be delivered, to apply to the undelivered quantity 
the latest improvements in t wi m which have been 
adopted in the British army ; they will also be fitted with 
sabre bayonets, instead of tri ones, Although 
100,000 of the undelivered rifles are packed ready for shi 
ment, they will be sent back to the workshops in order to 
tered in accordance with the decision of Seraskierate. 
Southern Pacific Railroad.—Upwards of 32,000 tons of 
American steel rails have been received in San Francisco 
from New {York during the past year for the Southern 
Pacific Railroad. The road is ing towards Los 


Angeles at the av. rate of one mile per diem. A con- 
tract has been entered into for an iron bridge across the 
Colorado at Fort Yuma. 





pre nor =e Soe hat a@ month 
ago a deputation waited on etropo Board, re- 
presenting the Council of the Society of ee ing » 
memorial on the subject of house ins, their con- 
nexion with sewers. The chief object of the memorial was 
to show the necessity of an amending Act of Parliament, 
which to secure that all house drains in the metropo! 
connected with public sewers, and towns having an urban 
authority, should be placed under the i and control 
of local sanitary authorities, who sh be bound to see to 
the effective construction and due 

house drains, pipes, and connexions. It was also suggested 


ey 


warmly | that powers should be given to enforce the production of 
4 ft and also 


plans, showing the exi mode of drai ; 
ieee tary hick Sie Henry ools chiefly took 

0 in w ir 

Eventually the question was referred to the Works 


and Committee of the Me 
Board. A ly from Mr. Wakefield, t , has 
just been received by the Society of , nw 


boards. By these such authorities can exercise full control 
over the ins of houses, By the Act of 1855 heavy 


* penalties were imposed on persons erecting howeus deficient 


in drains, traps, ——— and ot! : Bs to 

house drainage. uding water su; . . 

field adds, however, that if such ret 
difficulty 
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Tuvurspar, Ava. 31, 1876. 
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LITERATURE, 


inematics of Machi 3 Outlines of a 0) 
Tis pines. By F. Rovsmaiens Tenclated and tadtted 
by Atex. B. W. Kennepy, C.E. With numerous 

Tilustrations. London : Macmillan and Co. [Price 21s] 
A MACHINE, according to Reuleaux’s definition, is 
‘a combination of resistant bodies so arranged that 
by their means the mechanical forces of nature can 
be compelled to do work accompanied by certain 
determinate motions.” Starting from this state- 
ment the study of machinery may be divided into 
several parts, each large and important enough for 
separate treatment. e arrangements for bring- 
ing natural forces to act on the machine are inves- 
tigated under the theory of prime-movers; the 
giving to the different parts of the machine the 
required quality of resistance is based upon the study 
of the strength of materials; the combination of 
these parts—their dimensions having been pre- 
viously fixed—so that they may have certain de- 
terminate motions, forms what Willis called the 
‘Science of Pure Mechanism,” and Rankine the 
«‘ Geometry of Machines,” and what Reuleaux treats 
in the work before us under the name ‘‘ Kinematics 
of Machinery.” . This work is not a text-book of 
machine design, like its author’s well-known Con- 
structeur, but treats design only as far as it is deter- 
mined by the motions required in the machine. The 
subject is treated theoretically, but with a recog- 
nition of the claims of practicesuch as Englishmen 
do not generally associate with the writings of a 
German scientific professor. ‘The right applica- 
tion” of theoretical laws, he says, ‘‘ demands certain 
special qualities in the designer of a machine besides 
a mere knowledge of its theory, if his work is to be 
what is called practical. .... This art of making 
practical work can be but very partially communi- 
cated by teaching, it can only be made quite clear by 
example. The scientific abstraction only serves to 
show the possibility of the machine, it affords no 
means whavever of judging between practical and 
unpractical..... he attitude of theory and prac- 
tice to each other, in connexion with the machine, 
must be one of mutual respect.” (p. 54). Such a 
confession of faith affords excellent promise that 
the theoretical treatment will not be too abstract 
to be useful, and this promise is amply fulfilled. 

By desgribing the work as theoretical, however, 
we must not be understood as meaning that it is full 
of formule. Indeed, there is scarcely an equation 
in it from beginning to end. The first two or three 
chapters presuppose in the reader the faculty of 
realising some geometric conceptions which may be 
unfamiliar to him, but they are very fully explained 
and illustrated; for the rest ‘there is merely re- 
quired that ‘‘ mechanical instinct ” which, whatever 
our shortcomings, is seldom wanting in English 


——— 

t would occupy too much space were we to give 
here even an outline of Reuleaux’s method of treat- 
ing his subject, which is both novel and original in 
a high degree.* We shall content ourselves by merely 
pointing out a few of its leading features. One of the 
points which will probably most strike the English 
reader will be the throwing altogether overboard of 
the treatment of a mechanism as a means of ‘‘convert- 
ing” one motion into another. Reuleaux analyses 
mechanisms into their ‘ elements,” that is the geo- 
metric forms (pins and eyes, screws and nuts, &c.,) 
which primarily determine the motion of each of 
their members or “links,” and classifies them ac- 
cording to the arrangement of these elements, sub- 
dividing them according to the particular link of the 
mechanism which is fixed, or made stationary. In 
this way he certainly obtains some results which are 
very striking, and of great practical interest. Thus 
the driving mechanisms of the direct-acting and the 
oscillating engines contain exactly the same elements 
arranged in the same way, the only difference he- 
tween them being in the link which is fixed; the 
universal joint is shown to be essentially identical 
with a common drag-link coupling, &c. A mechanism 
for ‘‘ converting circular into rectilinear” motion is 
shown to be equally a mechanism for converting 
rectilinear into circular, rectilinear into swinging, 
Swinging into circular, and a host of other “‘ conver- 
sions,” The whole combination, or ‘kinematic 
chain,” may be identical in each case, the difference 
being merely in the link which is fixed. Having 





* Some account of it will be found in a lecture gi 
Professor Kennedy, at South Kensi “ in Mat which 
= a in Gps for some time, and shall publish 





once determined what constitutes the essence of a 
pair of elements in a machine, it becomes compara- 
tively easy to trace them out oe 

in all sorts of constructive — is is, of 
course, a part of the matter which directly concerns 
the engineer, and it is one to which Reuleaux de- 
votes a great deal of space. There is scarcely one 
of the mechanisms whose abstract forms he es 8 
special object of study of which he does not mention 
some application, and he seems to have spared no 
trouble in hunting through English, French, and 
German books and technical periodicals for illustra- 
tions. By way of showi e applicability of his 
method of ‘‘ kinematic analysis” to actual machines, 
he examines in detail along series of engines (chiefly 
rotary), pumps, ventilators, &c., and shows how 
they are repetitions of a very few simple kinematic 
combinations in e inarily different construc- 
tive forms. The results of this application of his 
analysis are very interesting, and in many cases 
throw unexpe light on complex and unintelligible 
looking combinations. 

Another point of interest is Reuleaux’s treatment 
of the action of fluids (liquid or gaseous) in machines. 
‘‘In examining mechanisms,” the translator says, 
‘‘we consider the motions of each body as a whole, 
ignoring altogether its molecular condition, or, more 
strictly, assuming that it is so arranged that its mole- 
cular stability is not disturbed during the motion. 
This pre-supposition is made tacitly in the case of 
‘ rigid’ bodies, where molecular stability is indepen- 
dent of the application of external force. It is made 
also in the case of ropes, belts, &c. ; for when these 
occur in machines, it is always assumed that they are 
kept in tension by some force external to themselves: 
in any other case their motions would be quite inde. 
terminate, With fluids it is not necessary to make 
any other assumption than this; but the external 
force must be a pressure instead of a pull, and must 
be supplied in directions other than that in which 
motion takes place.” Reuleaux points out that en- 
gineers have continually acted upon this view of the 
matter, transmitting motion by columns of air or 
water, or by a rod or a rope, just as might be most 
convenient, Fluids, however, have never before 
been treated in their proper place in the ‘science 
of pure mechanism.” Willis, indeed, explicitly ex- 
cluded them from the subject. Engineers have long 
ago recognised in practice, as we have said, what 
theory refused to recognise ; but even those most 
familiar with the subject will probably be surprised 
at the completeness of the analogy that Reuleaux 


is able to point out between machines having only | perso 


rigid organs and those working with fluids. The 
comparison, for instance, bane ratchet gear and 
ump work (§ 126) is very striking. 

P fn ole gg utitiee his’ kinematic analysis, Pro- 
fessor Reuleaux has devised and worked out a 
‘kinematic notation,” which is fully explained in 
his book, and of which he makes continual use. It 
is very simple and easily learnt, and as far as we have 
been able to test it, is of great assistance in ascer- 
taining the real (kinematic) constitution of complex 
or apparently complex mechanisms, There are 
many cases in which it will doubtless prove of con- 
siderable practical value in machine design, by 
enabling thedesigner to take in at a glance the nature 
of mechanisms which it is extremely difficult to ‘‘ see 
through” on the drawing-board, and thus to arrive 
directly at improvements and simplifications which 
otherwise would only be reached in a roundabout 
way after many trials. : 

Professor Reuleaux is not content with analysing 
machines, but in his concluding chapter gives a 
somewhat elaborate sketch of a synthetic method 
applied to mechanism. He looks forward to the time 
when invention shall be to a great extent a scientific 

rocess, conducted along fixed lines to arrive at a 
Fefinite result juSt as in a mathematical or cheinical 
investigation, where still, of course, individual 
capacity or genius shall influence the result as before, 
but through somewhat different channels, Without 
going as far as this with the author, it may be ad- 
mitted that it is certainly in this direction that we 
seem to be moving. His treatment of this portion of 
the subject does not commend itself to us so much as 
the former part of the work. The classification of the 
pairs of elements, as well as the notation used for 
some of them, seems one to simplification and im- 
provement. Judging from the specimens Reuleaux 
gives, however, the kinematic synthesis furnishes 
results which are at least interesting, and which may 
be of considerable practical im ce when his 
synthetic method has been further worked out. 

As regards the manner in which the work of trans- 


lating the book under notice has been performed 
by Professor Kennedy, we cannot but speak most 
favourably. Professor Kennedy has evidently gone 
most heartily into his task, and not content with 
merely giving his readers an able translation of the 
original ' he has added numerous notes and re- 
ferences tending to materially increase the value of 
the work to English readers, 

In taking leave of the book before us, we may say 
that it is one which we should like to see in the 
hands of every student of mechanical engineering, 
while we may add that it is one which engineers of 
mature experience will find to contain much that 
will be new to them and well worthy of careful 
study, The work is a valuable addition to English 
scientific literature, and we hope that its publishers 
will follow it up by the issue of translations of the 
other treatises by the same author, which have 
already made their mark on the Continent. 








MACHINE TOOLS AT THE PHILA- 
DELPHIA EXHIBITION.—No. VIII. 
DRILLING MAcHINEs, 

HEARING a drilling machine spoken of as a “ drill 
press” brings to mind some remarks upon the no- 
menclature of machine tools which will not be out 
of place here. Constant — on the part of 
educated writers and speakers of the English 
language has not prevented the introduction of 
metaphor and slang into our literature, and it is not 
strange that in the industrial arts, where new manu- 
factures, processes, and: products are continually 
being added, that irrelevant names and phrases 
should be adopted, 

It requires some temerity on the part of any one 
to assume what is right and what is wrong among 
the new names which are being invented and used, 
but still there are some vagaries in the terms em- 
pe by Americans in connexion with machine 
tools which seem strange enough to warrant criti- 
cism, Thus we find that a drilling machine is 
generally spoken of in the United States either 
as a “drill” ora ‘ drill press” but never as a driller, 
while planing machines are as a rule dignified with 
the personal substantive er and become ‘ planers.” 
Lathes are not called “turners,” but shaping ma- 
chines are often called “shapers.” A gear-cutting 
engine is labelled as a “‘ gear cutter,” and a ‘‘ com- 
eee pumper” in the Exhibition has its name 


The difficulty felt in not having some proper im- 
nal terminal to define machines as agents is 
much felt, and the use of the personal substantive 
er is working its way into use not only in America 
but in Englandalso, where it often appears, especially 
in advertisements. A fair compromise would seem 
to be to —— er for the personal and or for the 
impersonal, The participle with ‘‘ machine” attached, 
planing machine for example, is too long to find 
avour in America, where labour saving extends to 
words as wellas work. Boring augers are frequently 
called * bits,” A wood-moulding machine to plane 
one side is called a ‘‘ sticker,” probably a corruption 
of the term “strike,” as applied to forming mould- 
ings for sashes, Razeeing machines are continually 
ed ‘‘ raising machines ;” band wheels are called 
pulleys, Which is certainly better than ‘‘ rigger” but 
means som g else; driving clamps for turniig 
are called ‘‘ dogs,” and boring of some kinds is 
spoken of as ‘‘chucking.” Such examples could be 
continued to hundreds where names are different 
from our own, and it is to be regretted that no one 
whose philological attainments would command re- 
spect has attempted to supply technical terms for 
new things. A pulley or rigger, for example, should 
certainly have some name belonging to itself and 
relevant to its form or use. 

One feature of American drilling machines where- 
in they differ from Euro) practice is in the pro- 
portion of the gear wheels which connect the hori- 
zontal or driving shafts with the spindles. These 
wheels are generally so arranged that the horizontal 
rome = ae se faster to hires: 8 as fast a 

ndles. uropean machines which general 
have mitre wheels for spi gearing, the hori. 
zontal shafts have no object except to change the 
motion from a vertical to a horizontal plane, and thus 
permit bands to be applied from horizontal driving 
shafts.. In America these horizontal shafts ou 
drilling machines have a further object in increas- 
ing the power of the belts, and for a considerable 
range of work take the place of back gearing. The 





step pulleys employed are, as on European machines, 
generally made to correspond in size to those for 
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lathes of 10 in. to 12 in. centres, and with such pro- 
rtions there is generally a want of power in drill- 
ing. To determine what the changes of s should 
be and the relative movement of a drill, and the 
belt which drives it, would bea problem of some 
intri , considering the difference in material, 
speed, depth, and so on, but of one thing there can 
be no doubt, that the inconvenience, loss of time 
in changing, and the wear of back gearing should 
be avoided as far as possible. This the American 
mode of gearing tends to, and few machines require 
to be geared, that is, employ the back gear, except 
ofir boring. The higher speed of horizontal shaft is 
not, of course, so objectionable as that of a loose 
step pulley to drive back gearing, and by employing 
wheeis as two to one between the spindle and driving 
shaft, there is not the least difficulty arises when 
one-half the drilling machines in a works have no 
back gearing. Machines without back gearing are 
generally arranged with five changes of speed, the 
slowest adapted for holes 2 in. or less in diameter. 





of movement is required, the running spindles of 
small lathes for example, solid bushes are aoe: 
whiledrilling spindles are generally made with com- 
pensating bearings. ; 

The form of framing shown in Fig. 12 is sym- 
metrical, and affords a good opportunity for mount- 
ing- feed and back gearing on the shaft c. In 
Fig. 13 the most novel feature is the adjustment of 
the spindle c through the bearing ate. This, as 
before mentioned, is a peculiarity of eastern made 
drilling machines ; its value in a practical way de- 
pends somewhat on the character of other machine 
tools in a workshop, and also upon the kind of work 
to be done. Such machines have a double adjust- 
ment for depth. The tables are arranged to be 
raised or lowered a distance of 2 ft. or more, and the 
spindle adjustment is as much, so that a distance of 
4 ft, can be had between the table and spindle. This 
will be better explained in a future drawing. In 
respect to Fig. 13, it seems a straggling kind of plan, 
but a machine arranged in this way is not with- 

















The difference between American and European 
practice stated in general terms is, that the Ameri- 
cans move the belts faster in proportion to the speed 
of the drills ; they have the same changes as to speed 
but a different scale ; the tools are driven with more 
power, and at a slower s This difference is in 
some measure explained by the fact that in American 
engineering establishments there are generally pro- 
vided drilling machines of various sizes. Small holes 
are never drilled on large machines, and boring is 
never attempted on small machines. ; 

A drilling machine may be considered as consist- 
ing of two parts. One the spindle with its driving 
and feeding gearing, and the other the table or 
devices for presenting and holding the material to be 
drilled, and in order to treat of the subject in con- 
nexion with American practice it will be best to 
observe this division. With few exceptions the 
driving gearing of the drilling machines exhibited 
approximates to the two types illustrated by the 
diagrams Figs. 12 and 13. ‘These diagrams, as well 
as subsequent ones, are only ideal drawings to ex- 
plain general arrangement, and are in no case made 
to a scale, or represent exactly any mechanism in use. 

Fig. 12 shows a method of encasing the spindle 
gearing in the framing, one which was introduced 
from Philadelphia, and is yet followed by several 
makers ; a is the main column, ¢ the spindle, and c the 
countershaft. The annular bearing m is turned to 
fit into the bottom of the cireular cavity », and 
when removed permits easy access t> the pinion o. 

It may seem that this mode of arranging the 
gearing is more expensive, but when “ fixtures,” as 
they are called, are provided for boring the bearings, 
the work can be rapidly and accurately performed. 
The bearings are bushed with brass, so as to be re- 
placed if worn, but with surface enough and ma- 
terial of the best kind, there is but-little wear, and 
it is best to avoid compensating caps, which may 
be either too loose or set up too close. 

The necessity for compensation in bearings which 
run as slowly as those of drilling machines, is, we 





may assume, dependent upon proportions and fitting, 
Pm | strange to say in cases where absolute steadiness 








out advantages. A _ countershaft is generally 
mounted. on the main frame beneath the shaft d, so 
that the belts can be conveniently shifted from one 
step to another. The long shaft a gives ample 
room for back gearing and feeding gearing, the 
whole being accessible, and yet high enough to avoid 
accidents in handling material. The plan is in fact 
arelic of old practice, which in many cases besides 
the present one has claims which are overlooked in 
the flush of novelty. 

The mechanism employed in America for feeding 
drills is of various kinds, and strange to say there 
are but few examples of thrust screws on the top of | 
spindles, a plan almost glways adopted by European | 
tool makers. In respect to feeding spindles having | 
end movement, and in analogous cases, it may be | 
claimed that we have clung to thrust screws after | 
the principle has been abandoned in some other 
kinds of practice. There is a kind of intuitive idea 
existing among mechanics that a small point is best | 
to resist thrust, and that as the movement diminishes | 
‘* toward a centre,” the endurance of thrust-bearing 
surfaces increases. That this has proved a fallacy 
in the case of propeller shafts is a fact known to | 
mechanical engineers, and throughout the whole 
range of machine practice it will be found that 
the successful performance of points or small areas | 
to sustain pressure has dependedeon the bearings | 
being flooded with oil. Vertical spindles or shafts | 
are successfully run on ‘‘ steps,” as they are called, | 
because of the facility of maintaining constant lubrica- 
tion, but when the pressure comes upon the upper 
end, as in the case of a drill spindle, it is questionable 
whether or not the mode of construction followed 
in American drilling machines is not after all very 
good. 

Fig. 14 shows the mode of resisting the thrust 
when a sleeve screw is used. The end of the sleeve 
a rests on one or two washers of brass or steel at | 
o, and projects within the cup ring or collar e on 
the spindle ¢; by this arrangement oil thrown out by | 
centrifugal force is arrested by the collar ¢, and as | 
soon as the drill is stopped and pressure removed | 
it again lubricates the bearing surfaces. Fig. 165 | 





shows another device for feeding drilling spindles 
one which has been adopted by several tool- 
making firms in the Eastern States, and is shown on 
some of the machines in the Exhibition. Here, a is 
a sleeve sliding through the bearing e by means of 
the rack c, and a pinion at o enclosed within the 
bracket m. The pinion o is operated by a tangent 
wheel, as shown at #, and a handwheel d on the 
front; s is the spindle and ii are compensating 
collars. Thin washers of antifriction material are 
placed between the end of the sleeve @ and the 
spindle at uw. The bracket m with its attachments 
is counter-weighted, and slides up or down on the 
front of a main column for adjusting the height of 
the spindle, as explained in a former place. 

In respect to this mechanism it is an example of a 
search after novelty of which American machine 
tool practice affords many. There are no less than 
six joints to wear loose, and as the spindles are not 
independently cdunterweighted in machines having 





this gearing, the amount of end play or drop motion, 
























































as it may be called, can easily be imagined. What is 
gained over the old and simple device shown in 
Fig. 16 is not seen. With this there are but half 
as many joints to produce lost motion, the hand- 
wheel a can be placed at the side or in front as 
may be preferred, and the power regulated by the 
proportion of the bevel wheels ¢. This arrangement 
is no doubt familiar to most of our readers, and is 
employed on some of the American machines: ¢ c 
are shells cast in a bracket, d is a screw sleeve, and 
the wheel z has an internal thread. 

This mode of resisting thrust is in practice all 
that can be desired. The speed of the bearing sur- 
faces is of course considerable, as they are in Fig. 14, 
but in drilling the pressure generally diminishes as 
speed increases, or as drills of less diameter are used, 
so that a joint of this kind constructed of good 
material is durable and reliable. The arrangement 
shown in the diagram is almost too old for illustra- 
tion, and too good to be abandoned for hand- 
feeding machines ; it is one of the most simple and 
inexpensive methods of arranging a feed movement, 
and either from habit, or perhaps a better reason, 
old workmen prefer the “spindle wheel” in the 
place of the wheel » to any of the newer con- 
trivances. ‘ 

Feeding mechanism is generally the most perish- 
able among the details of drilling machines, and 
while such mechanism must be modified by various 


| circumstances there can never be an excuse for 


introducing joints and details which can be dis- 


pensed with. 


The diagram, Fig. 17, illustrates a method of 
feeding which is in most cf its features well known 
in English practice, and is one to which there has 
been considerable tendency among American ma- 
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The precious metals in the ores were formerly 
never paid for above a certain minimum, which for 
silver was 40 oz. and for gold 1}0z. All above this 
minimum was paid for in currency at the rate of 
85 per cent. of its bullion value. For all copper 
above 2 per cent. ] dol. 50 cents currency was given 
for each unit. All the ores received are piled 
separately on the sampling ground. 

All the large pieces of gold ore are roasted in 
heaps, and are then passed through a crusher and 
we dhe . rolls, and afterwards through a screen with four-to- 
= * the inch mesh. The tellurium ores are only crushed 

ay and passed through a teneto-the-inch mesh screen, 
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= crushed and calcined in a large reverberatory 
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(To be continued.) 




















WATER WORKS, ANCIENT AND 
MODERN.* 
By E. H. p’Aviapor. 
(Continued from page 155.) 

I HAVE already repeatedly alluded to the Vienna 
Water Works in the course of these papers ; I have 
mentioned the favourable situation of Vienna with 

to water supply and the excellent quality of 
the water. In the following and concluding pages 
I will endeavour to give a succinct account of the 
great works now completed. 

The city of Vienna is situated a little south of 
the right bank of the Danube at the foot of the 
: spurs of the Austrian Alps. The soil on which it 

. " ; is built consists of diluvium from the mountains, 
n= & fe 0 §0a}~ composed of limestone, sand, and gravel, with beds 
a of clay in the old or still existing valleys of the 
i a numerous streams which, descending from the moun- 
Bok (gs “pe tains, find their way into the Danube near Vienna. 

pny cen ds The mapt shows the general direction and 
; . course of the valleys and the line taken by the 
aqueduct supplying the water works. The two 

i springs iserbrunn and Stixenstein), from which 

H the water is now derived, rise at the foot of the 
— 


Bich 2 
tell tte SO A * A course of papers delivered at the Austrian Institution 
of Bagineereand Arebitesta, December, 1875, and January, 


The arrangement for silver at the same time is | each unit by the dry Cornish assay. The prices tibet tee ake, mn peat See Soe ies 


given in the Table above. The prices are based on | given in Georgetown differ slightly from this. Above blished 387 of our 
the oe gold in New York ranging between | are given the prices of two different works as they Steck vohame’ poet will not, therefore b be secenmary 
1 dol. 10 cents and 1 dol. 15 cents. were advertised in July, 1874: that we should repeat it here. 
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Schneeberg mountain (6300 above the sea), re- 
spectively east and west of it. This mountain, or 
rather group of mountains, is composed, like the 
whole chain, of dolomitic limestone; it is full of 
fissures, cracks, and caverns. The river Schwarzau, 
which takes its rise some twelve miles to the north- 
west of the Schneeberg, skirts the foot of the latter in 
a long narrow gorge called the Hollenthal (or Hell 
valley) for about five miles, and emerges into more 
open country near the favourite watering-place of 
Reichenau, where its course changes to nearly due 
east, Here the valley is wider and the river winds 
from one hillside to the other, occasionally skirting 
the very foot of steep wooded slopes, sometimes 
runping in wide meadows. At Payerbach the great 
viaduct of the Siidbahn crosses the valley, and from 
here to some distance below Gloggnitz the high 
road and the railway are wedged together on the 
left bank of the river, mostly in side cutting, and 
frequently protected by retaining walls, At Stup- 
pach the valley opens still more and the hills become 
gentler; the valley now turns north-east. At Ternitz 
the Sirning stream runs into the Schwarzau; it comes 
from the west of the Schneeberg, and ita short but 
narrow and densely wooded valley, resembling the 
Trosachs, is occupied by the Stixenstein branch of 
the aqueduct. From Neunkirchen, a couple of 
miles further on, the line of the aqueduct leaves the 
Schwarzau, which it has hitherto continuously 
followed, the latter runs off to the right, skirting 
the hills which separate Austria and Hungary, while 
the conduit keeps to the left along the spurs of the 
Alps. Between these two ranges lies the plain of 
Wiener Neustadt, called the Steinfeld (Stonefield), 
a large basin, perhaps once the bed of a lake, filled 
with sand and gravel, and intersected by numerous 
streams, which taking their rise from the lower 
Alpine spurs, mostly run north-west to the Danube 
and intersect the general line of the conduit (which 
is here about N.N.W.) at a very acute angle. The 
wide flat river beds are crossed by a succession of 
long and low aqueducts. Below Leobersdorf the 
conduit and railway once more approach each other, 
the course of both being due north; the Stonefield 
is passed and the canal winds round or passes under 
the spurs of a succession of hills clothed with vine- 
yards and producing the celebrated wines of Véslau 
and Gumpoldskirchen. The wide, deep, and grace- 
ful valley of the popular suburban watering-place 
of Baden is coomell on an immense aqueduct ; then 
comes a succession of short tunnels and a great bend 
tothe west round the Eichkogl mountain ; the deep 
gorge of Médling is crossed in the middle of the 
town by seven bold arches of 57 ft. span ; then come 
more vineyards, tunnels, and rock cuttings, the 
conduit —— through a — at Petersdorf and 
crosses the wide Liesing valley by means of another 
immense aqueduct. Another tunnel, another fine 
range of arches on a curve, and it at last emerges 
on the ridge at the northern extremity of which is 
the distributing reservoir of Rosenhiigel, from which 
a ey view of the city of Vienna, the Danube, 
and the hills around is obtained. 

The project for supplying the town with water 
from the springs of Kaiserbrunn and Stixenstein 
was first started in 1864, and met with innumerable 
difficulties. It was opposed for many years both 
on financial and on technical grounds, and no active 
steps were taken for its execution till towards the 
end of the year 1868. It would be tedious and un- 
interesting to recapitulate the different stages. of 
the lengthy debates and wordy quarrels, which at 
last ended in the contract for the execution of the 
aqueduct, the three reservoirs, and the pipe-laying 
being put up to public tender in the summer of 
1869. The lowest tender for the whole work was 
that of Antonio Gabrielli and Company, of West- 
minster Chambers, London, contractors to the Ad- 
miralty, and this was accepted after a prolonged 
negotiation and much bargaining. The plans, 
estimates, and quantities having been worked out 
in great detail by the municipal engineers, Messrs. 
Junker and Wertheim, the tenders had to be made 
on the basis of these quantities, and the prices 

r cube klafter (40.5 cubic feet English) and cube 
oot (Austrian) thereto affixed. Messrs, Gabrielli 
offered to execute the whole work at an increase of 
12} bi cent of the schedule, but this apparently 
handsome addition to the prices, which were sup- 
posed to be those usually paid at the time in and 
near Vienna, proved to totally insufficient to 
meet the enormous charges on the work caused by 
the taxes payable to the Government, the stamp 
and receipt duties, the many apparently insignificant, 
but in reality very onerous expenses which had to 


. Pa 
be borne by the contractor in connexion with 
the municipal engineering staff; and, finally, the 
enormous increase in the price oflabour and materials, 
which beginning after the termination of the Franco- 
German war, attained its maximum height in the 
summer of 1873, during the Vienna International 
Exhibition, This increase in all prices reached 
something like 100 per cent, on those established as 
basis in the schedule, and in many cases exceeded 
even this figure. Notwithstanding these obstacles, 


further the great loss of time and en, Sw mag by 
the thickness of the mains in the towns having been 
insufficient for the purpose, so that the whole pro- 
ject had to be altered during the execution, the 
whole aqueduct was completed, and the water 
brought to Vienna in October, 1873, while the pipe- 
laying and all the town works were finished in the 
summer of 1874. 

Itis not my intention to enter into a description of 
the mains and of the distribution of water in this 
paper, which would otherwise reach an inordinate 
ength. Suffice it to mention that the reservoir at 
Rosenhiigel, at which the aqueduct ends, supplies 
two other distributing reservoirs, those of Schmelz 
and Wienerberg, by 36 in. and 24in. mains, both 
these latter being at a lower level, but also situated 
on hills on the west and south of the town respec- 
tively. During the progress of the work it was 
found that the pressure of the water in the lowest 
districts was much more than was needed and ex- 
posed the pipes to too severe a strain ; a fourth re. 
servoir at a still lower level was therefore erected 
on the east of the town, which was not included 
in the contract and not executed by Messrs, Gabrielli. 
The total capacity of all these reservoirs is barely 
44 million gallons ; eg: | contain therefore hardly an 
eight hours’ supply for the whole city, and it has been 
decided, as mentioned already, to increase their di- 
mensions very considerably. 

Our description must necessarily be confined to 
the main aqueduct of which the course has already 
been traced with the assistance of the map.* 
It has been mentioned that there is a natural fall 
throughout, and that inverted{ siphons are not used, 
The cross section generally adopted for the conduit 
is an oblong one approximating to the Roman type ; 
a complete series of the sections employed is given on 
the next page, Figs, 1 to 11, which explain themselves. 
Theoretically it would of course have been more 
correct to adopt an egg-shaped or circular section, 
such as those adopted for Paris. For the greatest 
velocity of the water, and therefore the greatest 
theoretical economy in construction, is obtained by a 
section of which the wetted circumference has the 
smallest proportion to the area, in other words by the 
circle. But the designers of the Vienna Water Works 
were quite right not to ap this profile. There 
was no occasion to increase the velocity as much as 
possible ; on the contrary, the gradient is so con- 
siderable, that the difference of level between the 
springs of Kaiserbrunn and the reservoir at Rosen- 
hiigel (274.9 metres, or about 940 ft.) has had to be 
broken by falls or artificial cataracts, as otherwise the 
current would have destroyed the inner lining of the 
conduit. There was, therefore, no necessity to 
adopt a circular section, nor was the egg-shaped 
profile required, since the principal advantage of 
this is, that even with very low-water levels a con- 
siderable velocity is kept up; it is therefore more 
fitted for sewers with very variable discharge than 
for a conduit in which the water never falls below 
a certain fixed line. We must also remember, that 
the sections adopted for the Vienna aqueduct are 
much easier to construct, and, in fact, cost less 
money than a circular section, which would have 
had to be built entirely of ashlar or extremely hard 
moulded bricks, and must yet have been strengthened 
by strong abutments in many places to resist the 
thrust of the ground, Another advantage of the 
section adopted is, that it is much more accessible 
for inspection and repairs than the circular one, and 
that tools and materials can be carried in it with 
much greater ease and despatch, 

The foundation (flat invert) of the conduit was 
generally executed of rubble, as were also the abut- 
ments; in some few places, where stone was not 
available, the whole was built of brick; the arches 
constructed either of roughly shaped stone or of 
bricks moulded to radius, and the highest level of 
the water is always kept at least 6 ft. from the 
atmosphere to avoid any variations of temperature ; 
a precaution which is very necessary when it is 
remembered that the average extremes of tempera- 











* Vide page 387 of our fifteenth volume. 


and the difficulties appertaining to the work itself, | (al 
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ture in the environs of Vienna, particular ly in the 
Stonefield, attain more than 90 deg. Fahy, in the 


shade, 92 de; Pheer no unusual summer heat, while 


but few winters elapse Without the mercury having 
fallen to 0 deg, or thereabouts; the variations in 
the sun being of coursn still greater. On the 
aqueducts, which are’ef course | to the full 


force of sun and wind, the abutments of the canal 
are 4 ft, thick (Figs. 12 and 18 ‘on the following 
page), while their usual thickness is but ] ft. 10 in. 
1 Austrian measure). The engineers, therefore, 
kept the Roman petiple of isolation from the ex- 
ternal temperature and complete inaccessibility to 
external impurities constantly ‘before them. 

The main conduit of the Vienna Water Works has 
been ae saan criticised onthe ground of the 
extremely heavy dimensions of the masonry, and 
the reproach of waste’ of material has frequently 
been expressed. This criticism ap to be un- 
founded. The total length of the canal being 
nearly 68 English miles it was of course impossible 
to find the best material everywhere available for a 
continuous mass of masonry. In this respect a 
water conduit is a very different thing from a rail- 
way. In the construction of the latter great care 
must generally be devoted to certain works which 
have to be executed in certain detached positions, 
and for which the materials can, if required, be 
brought from some distance on the bank itself by 
means of a temporary road. This is not the case 
with water works generally, and was certainly far 
from being ble in the Vienna works. For the 
pe aqueducts the material was carefully chosen 
and brought from long distances, but for the great 
mass of masonry in the current conduit it would 
have been impossible to use stone carted from a 
distance without an enormously increased outlay, 
the more so as, except from Kaiserbrunn to 
Reichenau and from Stixenstein to Ternitz, there is 
no convenient high road el to the canal, but 
all the roads intersect the line at an acute angle, 
It became necessary, therefore, to use the stone 
nearest to and most convenient for the works, and 
although all the material employed is of great 
tenacity and durability, much of it is rather rough, 
and more is tough and hard to work. To provide 
for large joints, uneven courses, and, in fact, rough 
work when no other was ible, very heavy 
dimensions were adopted ; with lighter ones, either 
other materials would have had to be used at a con- 
siderably increased cost, or the supply of water to 
the town would have been liable to considerable 
interruption for substantial repairs. In the former 
case little or no saving could have been effected ; 
the latter could not be contemplated for a moment. 
For it must not be forgotten that while Paris 
derives its best drinking water from the ¢wo aque- 
ducts Vanne and Dhuis, the city still possesses its 
old sources of supply, so that even if both the new 
works were under repair at the same time (which is 
extremly improbable) the town would not suffer 
from positive —- Vienna, on the other hand, 
is now absolutely dependent on the springs of the 
new works, the Danube filter beds only supplying 
the ridiculously small quantity of about 14 million 
gallons daily, and nearly all the town wells and 

umps drawing water from them having been closed 

y order of the sanitary authorities, With the 
pros of such serious consequences of an inter- 
ruption before them, the promoters of the new 
water works therefore determined to be on the safe 
side, and to avoid all substantial repairs whatever ; 
they adopted dimensions which appear extraordi- 
narily large, but they have attained their object, 
since the repairs which have had to be executed 
since the completion of the aqueduct in 1873 are 
hardly worth mentioning. Only a few small cracks 
in the coat of cement lining the interior of the con- 
duit have taken ; they were so fine that the 
greatest care to be used to discover them at all, 
and the leakage through them is incommensurable, 
since the minute —— escaping only appeared 
like a slight dew on the face of the aqueduct. In 
no case has any settlement whatever taken place in 
the masonry, nor have any of the arches cracked, 
although, as will be mentioned further on, some of 
them are of great span and others of considerable 
boldness. 

Hydraulic engineers labour under the disadvan- 
tage that most of their works are hidden away out 
of sight after completion. While the railway en- 
gineer has the satisfaction of knowing that thousands 
of people are daily carried across the t viaducts 
he has executed or pass through the tunnels he has 
driven, that all his works are open to the inspection 
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THE WESTINGHOUSE TRAIN SPEED 
(For Description, see Page 204 ) 
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of his colleagues at any future time, and that the 
results of his labours are therefore always vividly 
brought back to the memory of the public, we water 
engineers are obliged to bury away our mains and 
conduits in the ground, and the most tedious and 
difficult of the works we have carried out is 
lost to sight and therefore often to memory also. 








Even those most interested in these works can do 
no more than open the cover of a manhole and oc- 
casionally look down into the cool darkness, where 
they will see nothing but a bit of polished dripping 
wall, and hear nothing but the echoes of the 
murmuring water. The anticipation of this in- 
evitable result induces me to dwell most particularly 
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on the portions of the Vienna aqueduct which can 
no longer be examined and appreciated; I mean, 
of course, the tunnels and p foundations, I 
have already mentioned that there are 2] tunnels 
on the line of the Vienna works ; their total length 
is 8400 yards English, or nearly five miles. The 
longest and most difficult is that of Kaiserbrunn, 
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which has also been referred to above; from the 
spring to the termination of the tunnel at Hirsch- 
waug is just under two miles, and it was divided 
into twelve sections by adits or drifts driven into 
the rock at right angles to the line from the deep 
gorge of the Schwarzau already alluded to. These 
adits vary in length from 70 to 200 yards. The cross 
sections of this tunnel are shown in Figs. 7 and 9, 
page 202. The rock is hard dolomitic limestone 
intersected by numerous 1 fissures and small 
cracks; most of the former were filled with sand 
and detritus through which quantities of water 
found their way into the works and retarded their 
progress considerably. Some of the cracks were so 
continuous as to isolate large blocks of stone, which, 
losing their oy (ag by the shock of the explosions 
used, fell into the tunnel and had to be broken up 
and removed; in such places and in others where 
similar results were anticipated, the tunnel was 
lined with very substantial ashlar masonry, shown 
on the same page, Fig. 9. The side tunnels or 
adits were driven with a rising gradient from the 
surface, to facilitate the removal of the material, 
which was run out on dogs or little trucks ona 
temporary railway of 22 in. gauge, and tipped into 
the river wherever the obstruction was not likely to 
disturb the channel. But in many places the ex- 
treme narrowness of the stream and the steep, almost 
vertical, slope of the banks prevented this course 
being adopted ; in such cases temporary bridges had 
to be erected and the railway prolonged along the 
opposite bank to a convenient point where the stuff 
could be run to spoil. Before the headings met 
great difficulties were caused by the want of ventila- 
tion in the different sections ; and the loss of time 
caused by the vapours hanging in the drifts long 
after the blasting was over retarded progress greatly. 
Turbine ventilators were erected at the upper end 
of the tunnel near the spring and at several of the 
adits; the former was driven by a belt from one of 
the portable engines used for pumping, the latter 
by hand. 
(To be continued.) 


THE WESTINGHOUSE TRAIN SPEED 
INDICATOR. 

ALL railway engineers who have been engaged in 
experiments on brakes or other investigations requir- 
ing the speed of a train to be correctly ascertained, 
have felt the want of a trustworthy indicator which 
should not only show the speed of the train at any 
given instant, but which should also allow of dia- 
grams being taken recording the fluctuations or 
diminutions of that speed caused by the application 
of the brake. It is of such an instrument, designed 
by Mr. George Westinghouse, Jun.—the inventor 
of the well-known air brake bearing his name—of 
which we now give illustrations on the preceding 





e. 
“h. Westinghouse’s speed indicator is shown by 
our engravings in two forms, that represented by 
Figs. 1, 2, and 3 being intended for fixing in a car- 
riage or van, and that shown by Fig. 4 being adapted 
for use on an engine, the pumps for supplying water 
under pressure being in this latter case omitted, and 
water for actuating the apparatus being drawn from 


the boiler. In other respects, with the exception of 
some minor details to which we shall refer presently, 
the two forms are identical. 

The principle upon which the apparatus acts is 
very ingenious and its application to a speed indica- 
tor is, so far as we know, entirely novel. It consists 
in controlling the escape of water under pressure by 
means of a small valve loaded by the action of cen- 
trifugal force, the arrangement being such that the 
higher the speed at which the apparatus is driven, 
the greater will be the pressure exerted by certain re- 
volving weights upon the escape valve, and the 
higher dhepalene the pressure maintained within the 
chamber with which this valve communicates, this 
chamber, we may add, constantly receiving a supply 
of water either from pumps or from the engine 
boiler, A pressure gauge affixed to the chamber 
containing the water under pressure, thus affords 
by its indications information as to the speed at which 
the apparatus is being driven. Although very 
simple in principle, however, much ingenuity has 
been required to bring the apparatus into such a form 
that its indications shall be trastworthy in practice, 
as will be seen from the following description of the 
details of the instrument. 

Referring to Figs. 1, 2, and 3, it will be seen that 
the apparatus consists of a base A, forming a small 
water tank, there being bolted down to this base a 
casting B ing all the rest of the To one 
side of the casting B is fixed a tubular axis on which is 





mounted the pulley or casing C, which is driven by 
a belt from another pulley on any convenient axle, 
care being taken, however, that the wheels on this 
axle are not fitted with brake blocks. Fixed to the 
pulley C is a pinion D which gears into a small 
spur wheel E mounted on a spindle provided at 
its other end with a disc crank F. From this crank 
are led off two connecting rods G G, which -work 
small plunger pumps drawing water from the water 
chamber A. The arrangement is clearly shown in 
Fig. 3, from which it will be seen that the pistons 
or short plungers of the pumps are forced outwards 
by springs, so that the connecting rods work con- 
stantly in compression, and the pumps can thus be 
driven at a high speed without their being any 
‘‘ knocking” of joints. 

The two pumps deliver water through channels 
a a into the channel 6 which is fitted with a small 
spring loaded relief valve as shown in Fig 2, this 
valve when open allowing any excess of water to 
escape through the hole ¢ back into the water 
chamber A. Communicating with the rere aa 
there is also another channel d, shown in Fig. 3. This 
passage is fitted with a small check valve as shown, 
and through it the water delivered from the pumps 
can flow up to the socket ¢ into which the spring 
accumulator H is screwed, as shown in Fig. 2. The 
construction of this accumulator will be readily 
understood. It consists of an india-rubber diaphragm 


that when raised from its seat the water flows out 
through a central opening inthe valve into a small 
chamber, from which it can return through a passage 
shown in Fig. 2 into the water reservoir A. We 
have now to describe how the pressure upon the 
relief valve k is adjusted. 

It will be seen from Figs. 2 and 4 that the relief 
valve & has attached to it a rod lJ, which takes a 
bearing against a small horizontal lever m, as shown. 
This lever is also pressed against at another point 
by the rod or spindle 0, and it will be seen from 
Fig. 4 thatthe lever is contained in a recess or 
mortice cut in a bar , so that by turning the screwed 
caps with which the ends of this bar are fitted, the 
lever can be shifted longitudinally, and the ratio 
which the pressure exerted by the spindle o shall 
bear to that transmitted to the rod i can thus be 
adjusted with great delicacy. 

As will be seen from our engravings, the spindle 
o extends through the tubular axis on which the 
pulley C is mounted, and is provided within that 
pulley with the grooved collar p, which takes hold 
of the shorter arms of the two bell-crank levers ¢ g. 
The other arms of these levers carry small weights 
r 7, and it will be seen that as the pulley C revolves, 
the centrifugal force developed tends to spread 
these weights, and thus through the intervention of 
the bell cranks exerts a pressure longitudinally on 





the spindle 0. Butthisspindle transmits its pressure 


























having on its underside a small plunger against 
which the water acts, while on its upper side is an- 
other plunger or piston forced downwards by a 
spiral spring. The lower plunger has a small rod 
or needle projecting from it, this needle being 
very slightly tapered, and the water on leaving 
the accumulator passing down around this needle 
to a channel // leading to a second accumu- 
lator I. This second accumulator is similar to the 
first, with the exception that it is disposed hori- 
zontally instead of vertically, and by the time the 
water reaches it the pulsations caused by the action 
of the pumps are entirely destroyed. In this 
second accumulator the water may thus be con- 
sidered to be contained at a steady pressure, the 
amount of this pressure depending upon the arrange- 
ments we have yet to describe. 

When the instrument is fixed on an engine, and 
the supply of water required is drawn from the 
boiler instead of being supplied by pumps, the first 
accumulator is dispensed with, one only being em- 
ployed, as shown in Fig. 4. In this case, the water 
instead of entering the accumulator near the peri- 
phery, and escaping at the centre around a needle 
attached to the ram, follows the opposite course, 
it entering through the passage / (Fig. 4), pass- 
ing into the accumulator around the needle g’, and 
escaping through the passage 4’ to the regulating 
escape valve. 

Returning to Fig. 2 it will be seen that the water 
can escape from the second accumulator past the 
needle g into the passage 4, which is connected by 
small holes with a recess i covered by a thin india- 
rubber diaphragm attached to the relief valve &. 
The form of this latter valve is, as will be seen, such 


through the lever m and rod / to the escape valve /, 
and thus we see that the pressure with which this 
valve is loaded depends upon the centrifugal action 
of the weights r. 

The whole action of the apparatus will now be 
clear. -The centrifugal force exerted by the weights 
r will vary as the square of the velocity at which 
the pulley C is driven, and hence the pressure on 
the escape valve / will also vary as the square of 
the velocity of the pulley C, or what is the same 
thing the square of the velocity at which the train 
is moving. Buta constant supply of water is de- 
livered to the accumulator I from the pumps (or 
from the engine boiler as the case may be) and the 
pressure maintained within this accumulator is con- 
trolled by the load on the escape valve &, hence a 
pressure gauge placed in communication with the 
accumulator I will indicate pressures which are pro- 

ortional to the squares of the speeds of the train. 
Lo connect it with the accumulator I the pressure 
gauge is screwed into the socket s (see Fig. 4), and 
a gauge thus arranged is shown in the perspective 
view ig. 1. From the indications of this gauge 
the speed of the train at any instant can be at once 
ascertained. 

But it was desired by Mr. Westinghouse not only 
to be able to ascertain the speed of the train at any 
given instant, but to be able to take a diagram re- 
cording the decrease of speed after the application 
of a brake, and for this purpose the apparatus we 
are describing is fitted with attachments for con- 
necting to it a suitable indicator. This indicator is 
| connected at s (see Fig. 4) at the same point as the 
| pressure gauge, and its drum is driven by the 
| arrangement we are about to describe, 
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Figs. 2 and 3 it will be seen that the pulley C has 
fixed to it a short worm ¢, into gear with which the 
small worm wheel x can be placed. Another worm 
py on the same axis as the wormwheel w drives 
another wormwheel w, and a slow motion is thus 
given to the disc from which the cord for moving 
the paper drum of the indicator is driven. A slow 
motion is thus obtained for the drum of the indi- 
cator. The indicator employed is not shown in 
our engraving, but it is similar to the ordinary 
steam engine indicator, except that the paper drum 
is somewhat larger, its circumference being 12 in. 

If now the gear for giving motion to the paper 
drum be thrown into action at the same time as the 
brake is applied, the pencil of the indicator being at 
the same time in contact with the paper, it is 
evident that as the speed of the train becomes 
reduced the pencil of the indicator will fall, and this 
downward movement combined with the rotary 
motion of the drum will cause an inclined line to be 
traced on the paper, the height of this line above 
zero at any given point being a measure of the 
speed of the train at the corresponding point of its 
forward movement. 

To explain this better we reproduce to a reduced 
scale in the annexed engraving some diagrams taken 
by this apparatus ona train on the Pennsylvania 
Railroad, Pittsburgh division. The train on which 
these experiments were made weighed about 170 
tons, and consisted of an engine and tender and six 
double-bogie cars, the whole of the wheels on the 
train with the exception of those of the engine truck 
being fitted with single brake blocks actuated by the 
Westinghouse automatic brake. The air brakes 
had been in use on the train for six years and had 
been converted to the automaticsystem in 1873. In 
regular work the train made over 200 stops each 
day, and no special work was done to put the brakes 
in order for the trials. The latter thus show what 
the Westinghouse automatic brake can do in regular 
work and after much service. The speed indicator 
during the trial received its motion from the front 
axle of the engine, and the case or pulley C con- 
taining the bell cranks with the weighted arms was 
driven so that it made one revolution for each 6 ft. 
of forward movement of the train. The paper drum 
of the indicator (which was as we have said is 12 in. 
in circumference) revolved once for every 1200 ft. 
of forward movement of the train. The instrument 
is, however, provided with spare gears so that a 
slower movement of the paper drum can be given if 
required. Of the diagrams annexed the three in the 
upper row correspond to stops made on the 28th of 
June last under the following conditions. 








7 ‘ Distance Run 
Place were Stop was /|Speed in Miles + ad 
made. per Hour. |*fer Application 
Turtle Creek (line level)| 39 412 
Brintons = 343 352 
Brushton ut $1 260 








The four other diagrams in the third row refer to 
experiments made July 8rd last, the particulars 
being as follows : 





the indicator to the equivalent speed curves, and 
this we have had-done for the several experiments 
above referred to, each pressure curve having the 
corresponding speed curve shown below it. 

It is evident that the curves drawn by the instru- 
ment we have described, afford the fullest ible 
information respecting the action of the brake with 
which the train is fitted. Thus not only do they 
show the distance run and the mean retarding force, 
but they also afford data for calculating the retard- 
ing force exerted at each part of the stop, and thus 
show whether the brake power was applied promptly 
—as it should be to obtain the best results—or 
whether it only came into action gradually, and 
thus involved a loss of time at the commencement of 
the operation when the train was moving most 
quickly. 

It is for want of accurate information on the points 
just referred to that erroneous estimates of the value 
of different brakes have so frequently been made. 
In the celebrated brake trials at Newark last year 
it was attempted to obtain trustworthy information 
respecting the rate of diminuition of speed after 
the brakes had been applied by means of an electric 
apparatus which we described at the time, this ap- 
paratus recording the times at which the experi- 
mental trains passed over contact pieces placed 
200 ft. apart. The arrangement was well carried 
out, and every effort was made to secure accuracy, 
but nevertheless the system, as a whole, was vastly 
inferior to that of obtaining a continuous record of 
speeds, such as is afforded by the instrument form. 
ing the subject of the present notice. 

We have in the present article merely described 
Mr. Westinghouse’s ingenious speed indicator, and 
pointed out generally the data which it enables us to 
obtain ; in an early number, however, we propose to 
enter more fully into the nature of these data, and 
to show how the efficient action of continuous brakes 
depends upon the fulfilment of certain conditions to 
which attention is, we think, not sufficiently di- 
rected. In concluding for the present we may ex- 
press a hope that some arrangement may be made 
for a regular series of trials in this country of trains 
fitted with different brakes, and each provided with 
one of the speed indicators we have described. Such 
trials could be readily carried out, and they would 
afford railway companies information even more 
complete than that which, after being obtained with 
so much trouble fifteen months ago, is still so care- 
fully withheld from the public by the Royal Com- 
mission on Railway Accidents. 





THE BRITISH ASSOCIATION. 

Report of the Council of the British Association for the 
year 1875-76. Presented to the General Committee held 
on Wednesday, September 6, 1876. Sin JoHN Hawk- 
sHAw, President, in the chair. 

Tue Council have much regret in announcing that Sir 

Robert Christison, who was elected President for the 

Glasgow meeting, informed the Council in the course of 

last winter that he felt himself unable to preside, in con- 

sequence of the state of his health. Under these circum- 
stances the Council selected Dr. Andrews, of ast, for 
nomination for the office of President ; and the first busi- 
ness of the General Committee of the Association will be 
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During these last trials the stop-watch was un- 
fortunately lost off the engine, so that the time is 
not accurate to a fraction of asecond. The per- 
formance of the brake during these trials was, as 
will be seen, admirable ; but this is amatter of which 
we shall speak on another occasion ; at present we 
are dealing with the diagrams before us. As we 
have already explained, heights in these diagrams 
represent pressures in the accumulator of the speed 
indicator, and these pressures again are proportioned 
to the squares of the speeds. In the particular in- 


strument from which our perspective view has been 
Lae at the square of the speed in miles per hour 
tiplied by 0.04 gives the corresponding pressure 
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to confirm this nomination. The Council also recommend 
that Mr. J. Young, F.R.S., be elected a Vice-President of 
the Association. ‘The Council have received yous during 
the past year from the general treasurer, and his accounts 
for the year will be laid before the General Committee this 
day. The General Committee at Bristol referred the 
following four resolutions to the Council for their consider- 
ation, and they beg to report their action thereon in each 


case : 
First Resolution.—‘‘ That the Council be requested to 
consider the recommendations of the rts of the Royal 


Commission on Scientific Instruction and the Advancement 
of Science, and to take such action thereupon as may seem 
to them best calculated to advance the interests of natural 
science. 


it is of thehighest importance to the welfare of this country 
that the Government should without ive systematic 
material aid to the development of the higher scientific 
education, in the spirit of the fifth and eighth reports of 
the Royal Commission on Scientific Instruction and the 
Advancement of Science ; and the Council further urged 
upon the Government that, in the selection of members of 
the proposed University Commission, science should 
duly represented. The Government promised to give due 
consideration to the representations of the British Associ- 
ation. They have increased the amount of the grant to the 
Royal Society for aiding scientific investigation. 

Second Resolution.—‘‘ That the Council be requested to 
take such steps as they think suitable for renewing their 
representations to the Secretary of State for India, as to 
the importance of establishing an observatory for solar 
physics in India, in conformity with the recommendations 
of the Royal Commissioners on Scientific Instruction and 
the Advancement of Science.’’ 

_ The Council having learned that steps were being taken 
in India in reference to this matter, deemed it advisable to 
defer = J action for the present. 

Third Resolution.— That the Council be requested to 
consider and report upon the manner in which the members 
of committees and other officers of the Association shall be 
selected, and whether ladies shall be admitted to such 
yoie if so, to what offices, and under what con- 

ons.” 
_ Upon this resolution the Council have come to the follow- 
ing conclusion, viz. : 

That it does not appear to have been the practice of the 
British Association to elect ladies as officers of the Assovi- 
ation, or to place them = the general or sectional com- 
mittees ; aud they are of opinion that no case has been 
made out for altering the practice hitherto in force. 
wi. ec wae «gh hat the Council be requested to 

e into consideration the expediency of appointing re- 
presentatives to attend the Interna ional stetintioal’ Con- 
gress to be held at Buda-Pesth in.1876.”’ 

The Council did not think it expedient to take any action 
on this resolution. The Council to have to announce 
that Dr. Michael Foster, M.A., F.R.8., is unable to con- 
tinue to act as one of the general secretaries of the Associ- 
ation. They cannot refrain from expressing their regret 
at the loss of his valuable services. The Council have 

to recommend that Mr. Philip Lutley Sclater, 

-R.S., be appointed one of the general secretaries in his 
place. Mr. ter’s name will be proposed to the General 
Committee at the meeting for the election of the Council 
and officers on Monday next. The Council have added to 
the list of the corresponding members of the Association the 
names of the following gentlemen present at the last meet- 
ing of the Association, viz.: Dr. Nachtigal, Dr. Oppenheim 
Dr. E. L. Youmans. The Council have been informed that 
invitations for the meeting to be held in 1878, or following 
years, will be presented from Leeds and Dublin. 

The ppeesig. feng the names of members of Council for 
the past year who, in accordance with the tions, are 
not ee a gma Aa year, Mat ‘ pgs yume 

essor G. C. Foster, . Lockyer, t Hon, Lyon 

Playfair, and Dr. C. W. Siemens. . 
he Council recommend the re-election of the other ordi- 
Council, with the addition of the gentle- 
men whose names are distinguished by an asterisk in the 


following list : 

Abel, F. A., F.R.S.; *Alcock, Sir Rutherford, K.O.B. ; 
Bramwell, F. J., O.E., F.R.8S.; *Cayley, essor, 
F.B.S.; De La Rue, Warren, D.C.L., F.R.8. ; Evans; J., 
R.S.; Farr, Dr. W., F.R.S.; Flower, Professor W. 
-R.S.; *Froude, W., F.R.S.; Gassiot, J. P., D.O.L., 
., F.B.S. ; Heywood, J., F.B 


see .8.; *Houghton, Lord, 
‘8.; *Huggins, W., F-B.8.; Je 
.S.; Maskelyn, essor ates ae 


eee) 
ar 
Poy 


oka se 
w 


N.8., M.A. 
, Professor J. Clerk, F.R.S.; Merrifiel 
.S.; Newton, Professor A., FBS. ; 
Admiral E., C.B., F.R.S. ; 
wich, Professor J., F.R.S. ; Ro! 
F.B.S. ; Roscoe, Professor H. E., Ph.D., F.B.8. ; Russell, 
. W. J., F.B.S. ; and Smith, Professor H.J.8., F.B.8. 
The foregoing resolutions were all adop and after- 
wards, on the motion of Captain las Galton, it was 
resolved that Dr. Andrews, President-Designate, should 
become President-Elect. The meeting shortly afterwards 
separated, and the organising committees of the sections met 
to resolve upon the papers to be read to-morrow (Thursday). 
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Stream Fire ENGINES In THE Rorau Docxryarps.— 
ae te between eleven and one o’clock a series 
i ik place of Messrs. Merryweather and Sons’ 
new steam fire engine at Devon Parted the 
— ee ae heads of the various 
epartments being present. engine being placed '- 
side the basin, and four lengths of suction pipe conn , 


was raised to 110 lb. pressure in 
in 11 minutes, two jets of water 1} diameter were thrown 
through 200 ft. of hose to a vertical height estimated at 
170 ft., with a mean water pressure of 1 
inch. Bn um ping reg be tal 
removed to e its su from dockyard water’ 
Sine fect yt eae lk Ped 
ing a two- water, whic 
Seer earn a tomes parr mene 
ings. e@ experim were in every way 4 
Messrs. Merryweather are delivering a second engine to- 
day for the same dockyard, as well as two at Portsmouth. 
These engines are now adopted in the Prussian, 
and Russian naval d ents, and in the latter on, the 


i 





The Council having considered this resolution, waited asa 
deputation upon the Lord President of the Council and upon 


epartm 
“ Peter the Great”’ ag a stationary steam fire- for use 
in case of leakage. we 
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Irbcard Elarenen of Grewlatong Pump es and Halt Condenser 


In our number of the 18th ult., we gave a two-page | sciences in Glasgow and the West of Scotland. The results 


engraving, showing the general arrangements of the engines 
and boilers of American wooden-built sloops of war of 620 
tons measurement, and we at the same time stated that a 
prir of engines for this class of vessels was exhibited at the 
Philadelphia Exhibition by the Bureau of Steam Engineer- 
ing of the United States Navy Department, by which 
Bureau the engines had been designed and constructed. 
This week we give another two-page engraving, besides 
views on the present and opposite pages, showing the general 
arrangements of the engines referred to, while in future 
numbers we shall publish illustrations of the leading details. 
Pending the appearance of these detail views, we do not 
propose to enter into any full description of the engines, 
but we may remark that they are of the compound inter- 
mediate receiver type, with return connecting rods, and 
fitted with surface condensers. The cylinders, which are 
both steam. jacketted, are respectively 34 in. and 51 in. in 
diameter, with 3 ft, 6 in. stroke. There is one air-pump 
and one circulating pump, each being double-acting, 12 in. 
in diameter, and with the same stroke as the steam pistons. 
The surface condenser contains 1788 tubes, § in. diameter 
and 9ft. 8 in. long, between tube plates, the surface they 
expose being thus 32,472 square feet. 

The engines are intended to indicate 800 horse power, 
and are supplied with steam at 80 Ib. pressure by eight 
boilers, each 8ft. long over all by 8 ft. in diameter. Each 
boiler contains but a single furnace, but this is 4 ft. 6 in. 
in diameter. We shall publish engravings of these boilers 
hereafter. The total heating surface exposed by each boiler 
is 598,21 square feet, of which 458.7 square feet is tube 
surface. The grate surface is 24 square feet, and the flue 
area through the tubes is 8.186 square feet. The ratio 
between flue area and grate surface is thus 1 : 7.53, and 
that between grate surface and heating surface, 1 : 24.93. 





THE BRITISH ASSOCIATION. 
Glasgow, Wednesday. 

Tue local arrangements for the forty-fifth annual meet- 
ing of the British Association for the Advancement of 
Science, which is to be formally opened in this city to- 
night, are now quite complete. They have been made on a 
scale far exceeding those of any former meeting, the Local 
Committee having long ago resolved that nothing should be 
left undone that might contribute to the success of the 
meeting by way of adding to the pleasure of the visitors 
from a distance. Many months ago such a committee was 
formed, with a large number of sub-committees for exe- 
cuting certain portions of work, not the least important of 
which was the Finance Committee, whose labours have re- 
sulted in the collection of a local fund which now reaches 
to upwards of 6500/1, a sum which was never equalled on 
any former occasion of a similar sort. Through the 
agency of a Local Exhibition Committee a large portion of 
the sum will be spent in bringing together several collec- 
tions of objects of a most valuable character, partly to 
illustrate the chief local industries—the mechanical arts 
and the chemical and textile fact and likewise 
to give the local cultivators of geology and natural history 
an opportunity of showing to the visitors what is being 
done in the way of contributing to the progress of those 








of the efforts are now very evident, for there are several 
institutions whose rooms are completely occupied with those 
several collections. For example, in the new wing of the 
Kelvingrove Museum the three local industries already 
mentioned are exemplified on a most extensive and varied 
scale, many things of novelty and interest being exhibited 
which would otherwise have been known to only a very 
limited number of people. The cultivatorsof botanical and 
zoological science have taken possession of the Queen’s 
Rooms with their interesting and valuable collections, 
while the geologists have a somewhat extraordinary exhi- 
bition in the upper rooms of the Corporation Galleries, one 
whose equal has never been seen in Scotland before, and 
which is of such varied scientific importance that few 
similar collections in the kingdom can equal it. The 
geologists from other parts of the country have been led to 
expect much, but they will doubtless find on their arrival 
and after the exhibition is formally opened to-morrow night, 
in connexion with a conversazione to be given by the Phi- 
losophical Society, that in many respects it far transcends 
their expectations. There are likewise several excellent 
collections on view at the new University buildings, where 
the meetings of the sections are all to take place, with the 
exception of Section E—Geography, which will meet in the 
Queen’s Rooms. 

In many respects the University is admirably adapted 
for the sectional meetings of the Association during the 
“ wise week.” The rooms are large and well suited for the 
purposes to which they are to be applied, and they are all 
under one roof, which is always a point of very considerable 
importance, especially if the weather is at all wet. By 
being able to pass from one section to another simply by 
going up or down a stair or along a covered corridor, is 
certainly a very great convenience, especially as it involves 
a great saving of time and bl bers and jates 
to find out for themselves without delay, when the papers 
in which they feel most interest are being read. But 
owing to the great distance at which the University lies 
from the centre of the city. from the district of the hotels 
and the railway stations, and the difficulty of getting to or 
from it, some of the advantages will certainly be counter- 
balanced by that disadvantage, and will be most felt by the 
townspeople who have to leave their places of business in 
order to take part in the proceedings. When once the 
members have got to the University, however, they 
will find ample accommodation and facilities for passing 
an odd half-hour in the magnificent apartments set aside 
to do duty as the refreshment and reception rooms, 
and without going to the town or toany of the district 
post-offices they will be able at once to put themselves into 
communication, by telegraph, with every part of the king- 
dom. , 

The offices of the Local Committee were transferred to 
the College on Monday, and under the charge of the as- 
sistant-general secretary of the Association, Mr. Griffith, of 
Harrow, the ticket department was opened in a room ad- 
joining the spacious reception room. A considerable number 
of tickets have already been issued, |the number up to the 
close of the offices at six o'clock last night being about 
1700, a large proportion of which, however, had been dis- 
posed of to townspeople during some days previously at 
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| the Local Committee's chambers, which was quite an inno- 


vation. 

With respect to evening meetings, very ample provision 
has been made to give interest and variety to the proceed- 
ings. Of course, there will be the delivery of the Presi- 
dent’s opening address this evening, the place of meeting 
being the Kibble Conservatory at the Botanic Gar- 
dens, also on that account called the Garden Palace, 
which is a magnificent structure in iron and glass, first 
erected at his own country residence by Mr. John Kibble— 
a gentleman who was professionally a metal merchant.; and 
by his tastes a cultivator of art and science—and since largely 
increased and improved in many respects. It is capable of 
accommodating something like five thousand persons, but it 
is not at all likely that such avast number will qualify 
themselves for assisting at the inaugural ceremony ; in- 
deed it is even questionable if the attendance at the British 
Association meeting of the present year will surpass that of 
the meeting at Newcastle in the year 1863, Sir William 
Armstrong’s year. High hopes are entertained, however, 
that the meeting will be far above an average one in respect 
of the attendance, and that it will not fall short in respect 
of the interest of the sectional proceedings and otherwise. 
The Kibble Palace will again be called into use on Friday 
evening for a lecture which is to be delivered by Professor 
P. G. Tait, of Edinburgh: and again on Monday evening, 
when Sir C. Wyville Thomson will discourse on the scientific 
results of the Challenger Expedition, in which it was his 
good fortune to play the leading part. On Saturday even- 
ing, Commander Cameron, R.N., C.B., will lecture to the 
working men in the City Hall on his travels in Central 
Africa; and later in the evening there will be a musical 
promenade in the Garden Palace. Two conversazioni will 
be given by the Local Committee, one on Thursday night 
in the Royal Exchange, which is situated in the middle of 
the town, and the other next Tuesday evening in the 
Garden Palace; while on the following night, in the same 
place, the Choral Union will give a complimentary 
concert, 

The excursions arranged for, and the factories, engine 
works, shipbuilding yards, iron works, chemical works, oil 
works, glass works, sugar refineries, &c., which are to be 
freely opened to the visitors on this most interesting oc- 
casion, are also upon a very extensive scale. Of the latter 
there are well-nigh a hundred industrial establishments 
within the district named in one of the official circulars, and 
doubtless many of them will have many visitors during the 
next weekor so. In the way of excursions combined with 
industrial sight-seeing, there are at least three. One of 
them is to be on Friday afternoon to Coatbridge, to see the 
North British Iron Works of Mr. Thomas Ellis, who is to 
give a luncheon to 150 visitors, and let them also inspect 
his new works for the manufacture of telegraph and other 
forms of iron wire, the first of the sort in Scotland. The 
directors of the British Dynamite Company also specially 
invite a party of me ‘bers and associates to visit their works 
at Ardeer in Ayrsh .:; and on Saturday there will be an 
excursion to Loch Fyne to witness a blast of six tons of 
gunpowder at Sim’s famous granite quarries. The other 
excursions on Saturday, five or six in number, will 
be partly for the benefit of the geologists and the naturalists 
and partly for the benefit of those who desire to enjoy the 
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(For Description, see Page 206.) 
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sight of most magnificent scenery, including that of Loch 
Lomond and Ben Lomond and the surrounding “ Bens,” 
and the Kyles of Bute, on board the well-known steamer 
Iona. Other excursions are arranged for Thursday of next 
week, the day after the business of the meeting closes. 
Ample opportunity will be afforded both on Saturday 
and Thursday for enjoying the scenery of the Frith of 
Clyde, and of inspecting the shipyards and engine works 
along the banks of the river in its upper portion, or rather 
in that which lies between Glasgow and Greenock. In 
connexion with the excursion and the industrial establish- 
ments in and around Glasgow, it is worthy of mention that 
three hand-books have been got up at the instigation of 
the local executive committee. One of them is devoted en- 
tirely to the geology and paleontology of Clydesdale in the 
widest sense of the term ; one to the fauna and flora through- 
out the same region, speaking generally; and the third to 





some of the leading industries of Lanarkshire and the ad- 
joining counties, namely, the “‘Iron and Steel Industries,” 
by Mr. St. John Vincent Day, C.E.: the “ Engineering 
and Shipbuilding Industries of Glasgow and the Clyde, 
by Mr. John Mayer, the “ Textile Industries,” by Mr. 
James Paton, curator of Kelvingrove Museum; and the 
‘Chemical Industries,” by Mr. John Ferguson, M.A., Pro- 
fessor of Chemistry in the University of Glasgow. The 
several volumes referred to will assist visitors to the 
Glasgow meeting of the British Association very mate- 
rially. 

Speaking now more immediately of the rectional pro- 
ceedings, it may be said that a good deg] is expected, if we 
are to judge by the general character of those persons who 
have either ‘already arrived or have indicated their inten- 
tion to be present. In the section of Mathematical and 
Physical Science, Sir William Thomson is to be the Presi- 





dent, Mr. W. H. Perkin, F.R.S., the eistnetee s ed Pl 
t industry in coal-tar colours, is to the Che- 
ee Section, and in the Mechanical Science Section, the 
President-elect is Mr. C. W. Merrifield, F.R.S., who has 
on several occasions formerly acted as Vice-President of the 
same section. The other Presidents are Dr. Young (Geo- 
logy), Mr. A. R. Wallace (Biology and Department of An- 
thropology), Professor Newton, of Cambridge (Department 
of Zoology and Botany), Dr. M‘Kendrick, of Edinburgh 
Department of Anatomy and Physiology), Captain Evans, 
ydrographer to the Admiralty (Geography), and Sir 
George Campbell, M.P. (Economic ce and Statistics.) 
Until the organising committees meet to-day it will be im- 
possible to say what papers are to be submitted to the 
various sections ; doubtless many of these papers will be of 
considerable interest, and we shall publish a selection from 
them next issue. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig Iron Market.—A few transactions took p 
in the pig-iron market last Thursday at 56s., and on Friday 
forenoon the market opened firmer with business done in 
warrants at 56s. cash, and 56s. 1}d. fourteen days, closing 
sellers 56s. 14d. cash, buyers one month open. There was 
also a firm market in the afternoon without alteration from 
the forenoon’s closing quotations. The market was steady 
on Monday forenoon, and a good business was done in 
warrants at 55s. cash, and 56s. 1$d. market open, closing 
with buyers over at those sellers asking 1d. per ton 
more. was a q during the afternoon, 

rices remaining as at the forenoon’s close. Yesterday’s 
Jeoencen market was rather easier, with business done at 
55s. 11d. cash, and 56s. fourteen days and one month 
fixed ; closing sellers 56s. cash, ~ = 55s. 104d. The 
afternoon market was also easy, and business was done at 
55s. 10}d. cash, sellers 56s. one month open, buyers 55s. 9d. 
cash. A marked of quietness prevailed this fore- 
noon. Sellers were 55s. 10}d., with buyers offering 
55s. Od. cash, but no bus: was rted, and the same 
is true of the afternoon market. The position and pro- 
spects of the trade are still discouraging, and a wide-spread 
opinion prevails that — early improvement is not to be 
expected. The com ively low price of iron leads to 
occasional investment purchasers, but at no time sufficient 
to make any impression on a heavy, spiritless market. The 
extensive storing that has been going on for some time has 
now nearly ceased, the surplus stocks of G.M.B. iron in 
makers’ hands being pretty well exhausted. Shipping iron 
has recently undergone several reductions, but with the 
old result, no accession to the demand. It would appear 
just now as if no price would stimulate a demand equal to 
the supply. The stock in the hands of Messrs. Connal and 
Co. last Friday night amounted to 81,909 tons. Last week’s 
shipments were 7 tons as against 10,616 tons in the 
corresponding week of last year. 

The Scotch Blast Furnaces.—There are now 117 blast 
furnaces in operation, two new furnaces having been 
blown in last week. At this time last year the number in 
blast was 114. The fact that ironmasters are increasing 
the number of their blowing furnaces would seem to indi- 
cate that the times have not been so bad of late after all. 


The Malleable Iron Trade.—Manufactured iron remains 
unchanged in demand; indeed, the demand is even 
slackening, and in consequence several of the mills are not 
running more than half time. The state of the trade is 

together without any prospect of improvement. 


Cupar Water Works.—The operations in connexion with 
the Clatto Water Works for the town of Cupar are in an 
advanced state. The two embankments have been raised 
to their full height, and little else is required for their com- 

letion. Itis believed that the distributing reservoir will 
be ready to receive water by the beginning of next month. 
The pipe-laying in the town has been completed, but the 
period when the water will be introduced into the town for 
general use must depend to a great extent upon the con- 
tinual rainfall. 

Proposed Harbour Extension at Renfrew.—The Town 
Council of Renfrew are at present considering the desir- 
ability of applying for about ten acres of ground for the 
purpose of 9 hee or extending the present harbour. 

New Mineral Field.—A very important deposit of excel- 
lent blackband ironstone has recently been opened out at 
Legbrannock, near the village of Holytown, by Messrs. 
Simpson, Wilson, and Company, of Legbrannock Colliery, 
and another pit has just been sunk to it. 


Peruvian Raruwars.—At the close of 1875, the Re- 
public of Peru 748 miles of railway. The cost of 
this mileage was estimated at 38,690,0001. The Peruvian net- 





work may be divided into lines belonging. to the State and 
lines belonging to private individuals. The latter category 
of lines comprises 233 miles out of the 748 miles em- 


braced in return. One of the Peruvian Government 
lines—that from Arequipa to Puno, 225 miles in length— 
has involved an outlay of 6,400,000/. 


Anctzent TovuGHENED Guass.—In a “‘ Book of Curio- 
sities " we read :—‘‘There was an artificer in Rome who 
made vessels < on of so tenacious a temper that they 
were as little liable to be broken as those that are made of 

ld and silver. When, therefore, he had made a vial of 

e purer sort, and such as he thought a present worthy of 
Cesar alone, he was admitted into the presence of their 
then Emperor Tiberius. The gift was praised, the skilful 
hand of the artist applauded, and the donation of the giver 
accepted. The artist, that he might enhance the wonder of 
the spectators, and promote himself yet further in the 
favour of the em: r, desired the vial out of Ceesar’s hand, 
and threw it with such force against the floor, that the 
most solid metal would have received some damage or bruise 
‘thereby. Cmwsar was not only amazed, but ighted with 
the act ; but the artist, tak — vial from the ground 
(which was not broken, but ruised together, as if the 
substance of the glass had put on the temperature of brass), 
drew out an instrument from his bosom and beat it out to 
its former figure. This done, he imagined that he had 
conquered the world, as believing that he had merited an 

equaintance with Cesar and raised the admiration of all the 
beholders ; but it fell out otherwise, for the emperor inquired 
if any other person besides himself was privy to the like 
‘tempering of glass. When he had told him ‘No,’ he com- 
manded his attendants to strike off his head, saying ‘ That 
i gold and silver 





should this artifice come once to be known, 
would be of as little value as the dirt in the street.’ Long 
after this—viz, in 1610—we read that, among other rare 
then sent from the Supe eh tein do ha Sing of 
pain, were six mirrors of glass so exquisitely 
tempered that they could not be broken. ’’—Times. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLEsBRoUGH, Wednesday. 
The Cleveland Iron Market.— Yesterday there was 
a attendance on ’Change at Middlesbrough, but again 
very little business was done. The prices of pig iron were 
the same as those quoted last week. There seemed to be 
a tty general feeling that the full extent of the financial 
difficul ies of the district would be ascertained this month, 
and that after that arrangements would be made, which 
would result in business being carried on in a steady 
manner. 


The Cleveland Ironmasters’ Association Returns.—To- 


day (Wednesday) the returns for the month of August 
jo hee the — | ition of the pig-iron trade of Cleveland, 
have been issued. From these it appears that out of 


160 blast furnaces connected with the Association 112 are 
in operation, there being 48 idle. There are only two new 
furnaces in course of erection. 


The Finished Iron Trade.—At present there is no finished 
iron trade worth mentioning. Several works are closed 
and a large number of men are still out of employment, 


The Financial Affairs of the District.—The firms whose 
affairs are now being investigated are Messrs. Raylton, 
Dixon, and Co., iron shipbuilders, Middlesbrough ; J. B. 
Walker, shipping agent, Middlesbrough ; Messrs. Thomas 
Vaughan and Co., iron works owners, Middlesbrough ; 

essrs. Swan, Coates, and Co., iron works owners, 
Middlesbrough; the Lackenby .Iron Company, Middles- 
brough, and Messrs. Charlton, coal owners, and iron 
works owners, Middlesbrough. There have been damaging 
rumours respecting the position of several other firms in 
the district. Some of these rumours have been effectually 
silenced by the firms spoken of, in whispers industriously 
circulated, meeting their. liabilities. There is little doubt 


that by the end of this month the worst news that can be | cali 


known respecting the financial position of everybody in the 
iron trade of this district will be known, and that arrange- 
ments will be made to deal with the difficulties which may 
arise. Itis thought that after this month business will be 
steady and that gradually e will improve. 





NOTES FROM THE SOUTH-WEST. 

Severn and Wye Railwdéy.—The Severn and Wye Rail- 
way Company have opened their passenger line to Cin- 
derford. 

The Taff Vale Employés.—No. 28 locomotive belonging 
to the Taff Vale Railway Company was on mg morn- 
ing wheeled into the c-~. yard of Messrs. Llewellyn 
and Cubitt, engineers, Ystrad. The men there refused to 
carry out the repairs required to be done, and stated their 
reasons to the manager. He told them that if they did 
not choose to repair the engine he could get plenty of men 
who would. At the b fast half-hour, a meeting was 
held, and the men resolved to give notice toleave. At the 
dinner hour, every man, with the exception of the labourers, 
gave the manager a week’s notice, but with the under- 
standing that if the locomotive is removed, and they are 
not required to ir Taff Vale engines or boilers, the 
notices will be withdrawn. 


Bridge Accident in Dean Forest.—Since an accident 
which took place recently at the Severn Bridge Works in 
Dean Forest, active efforts have been made to remove from 
the bed of the Severn the cylinders which were washed 
down. An engine which been precipitated into the 
Severn has been brought to shore, and it is a singular fact 
that although it fell aboat 30 or 40 ft., it has been found to 
have sustained very little injury. The two principal pillars 
are still lying in the water almost in the middle of the river, 
and will have to be thoroughly separated at all the joints b 
divers before any of the ironwork or materials can be avail- 
able. At the time of the accident it was almost impossible 
to say the extent of loss likely to be sustained by the con- 
tractors, but it is not likely to amount to anything ap- 
proaching the sum mentioned at the time of the occurence, 
which ranged from 2,000/. to 6,000/. 


Labour in Wales.—Notices of a termination of contracts 
at the Blaenavon and Ebbw Vale Iron Works came into 
force on Friday. In the first case the men ceased working, 
and in the second they were put on day-to-day contracts at 
the old rate of wages. The notice of a termination of con- 
tracts at the Cympennar Collieries has been withdrawn. At 
the Wanncord and Cwmnantliwyd Collieries, Ystalyfera, 
the workmen have gone out in preference to accepting a 
reduction equal to 10d. a day in wages. 


Trade at Newport.—There has been more briskness in 
trade this week, but no material advance has been esta- 
blished in the price of steam coal. Atthe Harbour Com- 
missioners’ meeting on Friday, the dues for August were 
said to be the largest ever received in one month. On 
Thursday there were rejoicings at North Risca, on the 
occasion of some of the new works of the London and 
South Wales Coal Company (Limited) being started. This 
company will now be able to send a larger quantity of coal 
to be shipped at Newport. 


Tolls on the Taff Vale.—It is rumoured that a deduction 
in tolls is about to take place upon the Taff Vale Railway, 
and that the matter will be settled at the next meeting of 
the directors. 


Trade Matiers.—The foreign exports from Cardiff during 
the past week included 69,712 tons of coal (against 
75,548 tons last week), 3508 tons of patent fuel, 1554 tons 
of railway iron, 130 tons of bar iron, 60 tons of coke, and 
50 tons of pig iron. Trade generally remains without any 
change calling for comment. In the Forest of Dean the 
house coal trade has me a slight improvement, but 
the iron trade remains as dull as it can well be. The men 





at the New Place Pit, Pengam, have received notice of a 





one ee = ag ty ped apy be 
enti suspended, is reason suppose that 
most of the men will be draughted into another i 
belonging to the same owners. Work has been resumed 
at the Gwaun-car-Yurwrn Colliery, Carmarthenshire, the 
men having accepted a reduction of 12 per cent. in their 
wages. 

Falmouth Docks.—At the ely meeting of the 
Falmouth Docks Company, Mr. R. R. Broad, who presided, 
said that owing to the universal depression in trade the 
profits of the company had not been so great as could be 
wished, but the directors had reason to the future 
with hope. The report and statement of accounts were 


Worcester and Aberystwith Junction Railway.—The 
directors of this railway announce in their half-yearly 
report, that in consequence of the es of the land- 
owners and others interested in the district proposed to 
be traversed, they have decided to abandon the line alto- 
ey or to apply to Parliament to allow a diversion to 








PR mm . mee eer see nye peers —— 
e bursting of a 15-ton pp gun, which exp uring 
proof at Kumersdorf. At the 50th round it was broken in 
two pieces; the forward portion was projected about 


20 yards, and after sanies over several times struck the 
ground, in which it formed a large pit. The rear part of 
the gun, weighing more than 10 tons, was thrown in the 
opposite direction about 12 yards from the carriage. The 
ye curiously enough continued its flight unaffected. 
t is not stated whether the gun was built on the latest 
model adopted by Krupp; probably it was, as we believe all 
the Ss now made at en are steel-jacke This ex- 
—— be another mee f _, the  ateggreee = — 
employed, as in the pp guns, especially for large 
fon. It will be remembe also that there was 
recently a violent and disastrous explosion of another gun 
at Podgoritza. 





SoutH ArricaN INTERNATIONAL ExHIBTION, 1877.— 
An International Exhibition will be held in Cape Town in 
1877, in a building to be erected for the = ape by consent 
of the Colonial Government. It will include manufactures 
of all kinds. The date fixed for the opening is February 15, 
and everything intended for the Exhibition must be shipped 
from London not later than during the first week in De- 
cember, 1876. Intending exhibitors should communicate 
immediately with Mr. Edmund Johnson, Commissaire 
Délégué, at the European Central Offices of the Exhibition, 
3, Castle-street, Holborn, London. The Exhibition will be 
arranged in the following classes: Class 1. Alimentation, 
Class 2. Chemicals, perfumery, medicines, and surgical 
appliances. Class 3. Furniture. Class 4. Fabrics, clothing, 
watches, jewellery, ornaments, precious stones. Class 5. 
Means of — ~y travelling equipments, harness, 
saddlery, &. C 6. Hardware, edge tools, cutlery, 
metal work of all kinds. Class 7. Machinery, materials, 
and construction. Class 8. Agricultural, &c. Class 9. 
Scienceand education. Class 10. Miscellaneous. 





DUKINFIELD. — Major Tulloch, R.E., of the Local 
Government Board, held a preliminary inquiry at Dukin- 
field on the 3lst of August with reference to certain com- 
plaints which had been made by the owner of the soil, as to 
a nuisance caused by the sewage from certain portions of the 
district being allowed to flow into the natural brook courses. 
In the course of the inquiry Mr. Cartwright, Assoc. 
Inst. C.E., the surveyor of the Board, produced a 
plan showing an outline sewerage scheme, by which 
it is proposed to collect and convey the whole of the 
sewage of the district, to a point below the town, 
which was favourably situated for the construction of 
tanks and other works that might ultimately be required in 
the treatment of the sewage ; the estimated cost, exclusive 
of land, was 25,0001. The inspector expressed his approval 
of the plan as sketched out, and urged the Board to push 
forw: the scheme, so that application could be le to 
the Local Government Board to sanction a loan of money to 
carry out the works, observing that the Board should not 
think too much of the cost, as if such a scheme of sewerage 
as now shadowed forth could be carried out to completion, 
the value of the district would quickly increase. 





Poisonous GaAszEs In SEwErRs.—Mr. Carter, the coroner 
for East mag resumed an inquest which had been ad- 
journed for a fortnight owing to the illness of one of the 
most important witnesses. The inquest was held to in- 
quire into the death of a man who had been suffocated in a 
sewer in the New-road, Battersea, to which we have already 
briefly referred. It appears from the evidence of Plester, 
who was foreman, that for a long time past the escape of 
gases from Mr. Wallace’s sulphuric acid factory had been 
so serious as to render it dan; us for the men to enter 
the sewers. drain communicating with the sewer from 
Wallace’s works was cleaned out by Plester some eight or 
nine months ago, and on that occasion he states that his 
nails turned blue, and the smell of sulphur was very strong. 
Other witnesses were called to prove that for a long time 
past the works had become dangerous to the neighbourhood. 
At present, evidence has only been heard on one side, but 
what has been given shows that the local authorities must 
have been very remiss in not having earlier stirred in the 
matter. But after all the Wandsworth Board is but a 
type of many such authorities, most of whom require great 
external pressure to set them in action. tate Att 
or two ago that it was proved by the Islington Vestry, to 
the sati ion of the magistrate at Clerkenwell Police 
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NOTICE TO AMERICAN SUBSORIBERS. 

We beg to announce that we have appointed Messrs. Miller and 
Smith, 43, Exchange Place, New York, the sole agents for 
ENGINEERING in the United States, and all subscriptions for the 
United States will in future be payable to them. essrs. Miller 
and Smith are also prepared to receive advertisements for 
ENGINEERING, and will afford full information as to terms, &., 
on application. 








THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr, JOHN BoGart, the 
Secretary of the Society of Civil Engineers at the Cen- 
tennial Exhibition, will, until the close of that Ex- 
hibition, act as the representative of ENGINEERING, and 
communications relating to editorial matters may be 
addressed to him either at the Society of Civil Engi- 
neers’ rooms at the Main Building of the Exhibition, or 
at 1100, Girard-street, Philadelphia. 
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THE THUNDERER EXPLOSION. 


THE press has, without an exception, pronounced 
the verdict of the Haslar jury on the Thunderer 
explosion to be most unsatisfactory. Itis a justifi- 
cation of boiler explosions—it is the nature of safety 
valves to stick, and the liability of boilers to explode 
1s 80 great that ‘“‘amongst those who are better in- 
formed the astonishment is, not that accidents should 
sometimes occur, but that they should occur so 
seldom.” Such is the comforting assurance for- 
warded to the Times by Messrs, Bourne and Hide, 
two witnesses provided but not called. They tell 
us that ‘there are eight boilers, one of which ex- 
ploded. The remaining seven were proved with 
water to double the working pressure, and were 
oe tight and showed no sign of weakness.” 

hey proceed to tell us that the calamity has all 
arisen from a “poor man” neglecting to open a 
stop valve when directed to do so, and Messrs. 
Bourne and Hide, the champions of this imaginary 
‘poor man,” thus defend their protégé, ‘* We cannot 
expect that oversight and inadvertence should be 
wholly eliminated from human affairs, and those 
who most blame this man might, if in his place, have 
done no better.” It is not a ‘poor man” we have 
to deal with here; it is a pernicious system that is 
to blame, and while we have our feelings of sym- 
pathy for those officially mixed up in the calamity 
we have no sympathy for the system that somehow 
or other has grown up in the Navy, and that has 
been lately producing a series of accidents of which 








the Thunderer explosion may be said to be the 
climax. We wish we could also say that it is the 
grand finale. 

In the merchant service, whatever contractor’s 
men might be on board, the chief engineer of the 
steamer would not give up the headship of his de- 

artment any more than the captain would give u 
his position to those who had to see the measure 
mile run, A chief engineer of the Royal Navy, in a 
letter to the Times, asks thatin future stop valves 
should be so fitted that the engineer can tell at a 
glance from the stokehole whether they are shut or 
open. We suppose he means from the stokehole 
floor, for the boilers and these stop valves were all 
in the stokehole. We cannot see why a chief en- 
gineer should object to go to the stop valves to exa- 
mine them wherever they are placed. In the event of 
having to get to them to shut them in any emergency, 
accessibility is of great moment, but if we look at 
the amount of time they had to spare that morning, 
and to the not very inaccessible position of the 
valves, we think this complaint that they were just 
as stop valves generally are is no excuse for the 
chief engineer not taking one walk through, to see 
how all valves were, knowing that many men about 
the ship that day were strangers to it. On page 210 
we give a plan of the engines and aft stokehole, 
showing the boilers and stop valves. 

A considerable portion of the evidence related to 
the fact of the safety valves having been periodically 
lifted from their seats. The valves and the seats 
were both of brass, and the corrosion that would 
take place if the valves were not occasionally lifted 
is all moonshine. Not one witness could state that 
he ever knew of a brass valve sticking to a brass seat 
by the two having been left too long in contact. 
They all said they had heard of it or read of it but 
they had not seen it themselves. We do not refer 
to the gripping which sometimes occurs when the 
angle of the valve face is too acute, 

The long address delivered by Mr. Bramwell is for 
the most part quite irrelevant to the cause of the dis- 
aster. Itis quite true that the cylinders are 77 in. in 
diameter, the stroke 3 ft. 6in., and perhaps the in- 
dicated horse power is 6000 or 7000, and Mr. Bram- 
well may have good reasons for preferring the word 
‘¢ chimney” to “‘ funnel ;” but why lecture about that 
while the impending question is one relating to the 
slaughter of forty-five British subjects by a boiler 
explosion. The jury are under the impression that 
Mr. Bramwell’s report is a scientific one, that it is 
‘scientific evidence.” There is not from first to 
last of it a single sentence lifting it above the level 
of common observation. The critical points in the 
evidence are, the interpretation of what the survivors 
tell us about the deranged steam gauge, the cause 
of the sticking of the safety valves, and the strength 
of stayed flat plates. Let us examine each of these 
points according to Mr. Bramwell’s report. 

First, as to the steam gauge. ‘This was one of 
Salter’s make on the Bourdon principle. ‘There was 
no defect found in the steam gauges when tested, so 
that our giving the name of the maker, which did not 
transpire at the inquiry, can do no harm to any one. 
The highest division of the dial is figured 35 Ib., and 
between that and the zero pin is space for 9 lb. 
more. Mr. Bramwell assumes that the finger was 
in contact with the zero pin, but on the under side 
of that pin, when the gauge was examined, and that 
after it had been disconnected from the pipe and 
shaken, it still remained there, and that it did not 
pass zero until the glass was broken, and the man 
Adams had inadvertently lifted the finger over 
the pin. 

Such is the explanation to the jury. On the 
4th August, at page 106 ante, we gave our version 
of the gauge derangement, . We said, ‘‘ The finger 
may have passed the zero pin, and when the gauge 
was found to be not working, probably the fires 
were kept back a little, the pressure which had 
before been, say, above 50 lb., would then be re- 
duced, and the finger would then have stood at the 
other side of the Zero pin if it could have got back 
past it, An engineer Tooke the glass and tried to 
put it forward to about 18 lb., where the other 
fingers were, but it went back to zero, showing that 
it had passed the pin, and that it was being pulled 
back again.” In the evidence of the survivors there 
is not a word to the effect that the man Adams 
lifted the index finger over the pin, and we submit 
that the explanation by Mr. Bramwell is incon- 
sistent with the construction of the steam gauge. 
When the steam gauge was disconnected are we 
to understand that Mr, Harding superintended the 
examination of the steam gauge, directing the dis- 





connection, and that he did not during all the time 
the pipe was disconnected ever think of opening th 
cock on the steam gauge to see if it all was Roe 
The disconnecting had been done for that very 
object. At page 174 ante the witness Wells says 
George Adams had made a start to take the plug 
out to see if the pipes were choked, and to state 
that the gauge cock was kept all the time shut 
is a reflection upon Mr, ing which he ought 
not to permit. No stoker even would be guilty of 
such an omission as to disconnect a gauge to see 
whether the connexion was open and not to try the 
hole in the cock of the gauge itself. The cock 
must have been opened while the pipe was dis- 
connected, and as the finger still stood at zero it 
must have been past the pin when disconnected, 
as we stated before the inquest commenced. 

The conclusion to which this points is that, at the 
time the gauge was disconnected the pressure did 
not exceed 44 1b., that is the pressure found by 
testing the gauges to correspond with the zero 
position. The moving of the finger up to 18 lb, 

t zero would not put it out. of gear. While the 
nger was driving the sector the sector would con. 
tinue to press on the pinion, and if the finger were 
moved past the out-of-gear position the sector would 
slip one or moreteeth upon the pinion, and afterwards 
the gauge would indicate so much in ewcess of the 
true pressure. If, however, the sector had once 
gone out of gear by steam pressure the finger might 
then fall back to zero, and when the pressure is 
relaxed, if the pinion and sector came into gear again, 
the gauge would afterwards indicate /ess than thetrue 
pressure. Now the steam gauge acted substantially 
according to our version of it; the finger stood at 
zero until the furnace doors were closed again, and 
at two minutes past one the finger had mounted to 
13 lb.; that is, an hour and a half after the pressure 
had been at least 44 1b. the pressure in the ex- 
ploded boiler was only 57 lb. Mr. Harding, who 
was in the stokehole just -before the explosion, 
states that ‘‘The pressure on the gauge on the ex- 
ploded boiler at the time it burst was, to the best 
of his belief, from 18 lb, to 20 lb.” That would 
make the pressure actually 64 Ib. in the boiler at 
the time -of the explosion. Any derangement of 
the gear at the examination of the gauge would 
make the actual pressure /ess not more than the above. 
We take Mr. Harding’s words to mean that he had 
seen the gauge after it was reported at 131b., and 
that it indicated from 18 1b, to 201b, It is probable 
that between the time it was observed at 13 lb., and 
Mr. Harding’s inspection, the sector had passed out 
of gear, leaving the finger vertical at 18 lb., the 
position at which the sector runs out, The gauge 
was not out of gear before one o’clock, 

The pressure in the boiler that exploded increased 
from 441b. to 641b. in an hour anda half according to 
that evidence, but only on the assumption that the 
finger had gone that morning from zero the whole 
circle of the dial unnoticed, It was not considered 
at any stage of the examination of the witnesses 
whether their verbal statements that the finger of 
that gauge had not moved at all that morning was not 
the probable fact. We think it had made the circle, 
at least we have corroborative evidence of the pres- 
sure in that boiler being considerably in excess of 
the others. At the time the gauge was first 
observed to be deranged, one of the contractors’ 
men was engaged in getting water pumped into 
that boiler, and this suggests that a difference of 
pressure had produced irregular feeding, necessi- 
tating that this boiler henithe pumped up by itself. 
There was no question asked as to whether the water 
had become low or had never been high enough. 
If the water had fallen in the glass, then either the 
feed valves must have been leaking, or there must 
have been some escape for the steam, although not 
a sufficiently free escape to take away all the steam 
that could be raised with bright fires. 

On the steam gauge question, therefore, we think 
Mr. Bramwell has wrongly interpreted for the jury, 
but, as he says, he had never seen. the inside of a 
Bourdon’s steam gauge, and did not know its con- 
struction until he saw the one which had been ‘un- 
covered for the jury. 

The next critical point is the action of the safety 
valves of the exploded boiler. Mr, Bramwell ascer- 
tained the calculated weight of water in the boiler 
(which we had assumed for illustration to be 
50,000 Ib.), to be only 16.8 tons, and the rate of in- 
crease of pressure he gives is substantially inversely 
proportional to the weights assumed by us and 
obtained from measurements by him, so that on this 
point, not one of science but of merely tabular 
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reference, we arein accord. ‘Taking these figures as 
correct, about oneo’clock the pressurein the exploded 
boiler would be increasing at the rate of 10 Ib. per 
minute, and at half-past eleven it had been 44 Ib., and 
since then Mr. Bramwell argues there had been no 
escape of steam. At two minutes past one there was at 
least 57 1b. pressure, and at 10Ib. increase per minute 
by 13 minutes past one the pressure would be 167 Ib., 
so that if the valves were all actually dead closed the 
boiler must have stood a — fair pressure before 
giving way. At the ~~ pressures the rate of 
increase would however be more than double that 
we are applying, and we therefore abide by the 
opinion expressed on page 106 anée, that the safety 
valves were not both closed while they were waiting 
that morning before the explosion. Those who 
take the opposite view will fully endorse the remarks 
of the jury that the boilers were of excellent material 
and workmanship, 

The cause of the explosion was the sticking of the 
safety valves, and Mr. Bramwell says they stuck 
‘from a too t nicety in the making of them.” 
This is remarkably corroborative of our statement 
on page 106, that ‘an explosion through making 
too good a fit will be easier to bear than an ex- 
plosion through bad rivetting or inferior iron. It is 
probable that the conclusion arrived at will not be 
much more than we here hint at.” But the scientific 
explanation of the sticking is not given by Mr. 
Bramwell. In the answer given by Mr. Bramwell 
in reference to the sticking we have not one 
word about the contraction of the valve seat conse- 

uent on its being tightly held in a cast-iron chamber, 

‘pat the valve had stuck any one could have seen ; 
but why a valve which could be passed as workable 
by turners, fitters, erectors, engineers, and Ad- 
miralty inspectors could have stuck was not ex- 
plained by Mr. Bramwell. Indeed, he ignored 
altogether the effect of external temperature in the 
safety valve experiments, These experiments were 
suggested and carried out by the Admiralty Boiler 
Committee, principally according to the ideas of Mr. 
Phillips in co-operation with Captain Aynsley. The 
object of testing the safety valve chests in the open 
air was to try the effect of heating the safety valve 
without heating up the whole valve-box to as high 
a temperature, and thereby to exaggerate or intensify 
the effect of unequal expansion in producing the 
contraction which we demonstrated on page 105 anée. 
We have said already that Mr. Phillips acted inde- 
pendently in the matter; we do not claim any 
credit for originating the hypothesis; it is swhat 
would appear to any engineer who cared to think 
it out. ‘The idea of demonstrating a permanent 
contraction by the unequal expansion produced by 
a difference in temperature higher than that prac- 
tically operative in the Thunderer’s safety valve 
chests is very creditable to Mr. Phillips. The care- 
ful experiments which he afterwards made, by which 
he demonstrated an actual measurable contraction, 
the result of successive heatings and coolings of the 
Thunderer's safety valve chest, teaches that he who 
would be an instructor and solver of such riddles as 
explosions must not be above considering the most 
minute features of the case, It was Mr. Philli 
who communicated to the jury the real cause of the 
accident, and that upon which alone they framed 
their verdict. It is a pity that the Admiralty gentle. 
men engaged in the investigation were not called 
before Mr. Bramwell had worn out the patience of the 
jury, and it is to be hoped that the report of Captain 
Aynsley and the members of the Boiler Committee 
on the Thunderer, ea for the Admiralty, 
will be also made public. We draw attention par- 
ticularly to the data given on 184 ante. The 
seating of the valve which 80 repeatedly stuck 
was found, after being heated and beled seventeen 
times by admitting steam at 22 lb. pressure and 
permitting the box to cool to the temperature of 
the atmosphere, to be ently contracted 
003 in., or nearly two thicknesses of foreign post 

per. Messrs. Bourne and Hide, in 4 létter to the 
Times, state that such valve seats are now fitted 
loose in the cast iron, but they avoid saying that 
the valve seats of the Thunderer were fitted loose. 
The valves themselves show that they have been 
accurately fitted, the seat to the bored cast iron, 
and careful measurement shows the valve seats are 
now actually not el internally, but tighter at 
the top than at the bottom, just as they would be 
contracted by the unequal expansion of the two 
metals. In Figs. 2 and 3 annexed, we give en- 
gravings of the safety valves and valve-box of the 
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exploded boiler. We have given an engraving of 


the safety valve box principally to correct a mis- 


in the cap of the easing valve. The di ex- 
hibited at the inquest showed that the weights 
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publications. The original drawing was so, but the 
thinner weight for 81 1b.{has made the clearance in 
the box 2} in. 

The next point of Mr. Bramwell’s evidence 
which we will examine is that relating to the 
strength of the boiler. It is on this point that 
science was most required, and he whom the 
Admiralty employed as a scientific expert finishes 
by practically admitting that all he knew about the 
strength of stayed flat surfaces was what the Board 
of Trade and what Lloyd’s Registry had given as 
rules (and that about these he knew very little), and 
the results of the experiments suggested and = * 
intended by Mr. Phillips and Mr. Newman. e 
give in Fig. 4, on the opposite page, the section 
of the plate of the first experimental chamber at the 
stay which drew through at 105 lb. The curves of the 
plate seemed to be continuous and regular from 
stay to stay over the whole plate. The danger of 
such stays is very palpable when the section is 
drawn out full size with such a curvature as that 
shown ; one or two threads at the very point of the 
stay alone are holding, the other threads on the 
stay are not in contact with the threads on the plate. 
The stay hole illustrated is the second from the 
right in the top row in Fig. 1, page 187 ante, 
which shows this experimental chamber. Fig. 5 on 
the opposite page similarly shows the section of 
the plate at the stay which drew out when the 
second experimental box was subjected to a pres- 
sure of 140 1b. This stay is that marked No. 2 in 
the views of the box, Figs, 4 and5 on page 187 ante. 

It isremarkable how nearly the law of the square 
of the thickness seems to apply to these two experi- 
ments. ‘The pressures at which the stays failed are 
given, 105 and 140, and the squares of the thickness 
of the plates are as 106and 139. 

In regard to the additional stop pin proposed by 
Mr. Bramwell, we are at a loss to understand what 
good is expected from it. Steam gauges must be 
capable of running up a good margin above the 
working pressure without injury, or they will be 
liable to chronically deranged. Let there be 
encouraged amongst the engineer officers in the 
Navy that pride in their engines that is prevalent 
in the engineer staff in the Atlantic mail service. 
Give the engineer in charge the same power and the 
same responsibilities, remove the present restrictions 
which prevent an engineer from opening up any 
part of the engines and boilers he may be uneasy 
about without first satisfying the naval officers 
that what he wants to do is necessary, and there 
will result the same degree of immunity from acci- 
dent which is now a credit to the engineers of the 
mercantile marine. 

We have already said what we recommend, namely, 
that the safety valves should be properly made and 
then we shall have ‘quite eliminated from over- 
sight and inadvertence” the possibility of a boiler 
being burst by any excess of pressure, The law 
as applied to passenger steamers takes boiler ex- 
plosions wholly out of that category. A boiler in a 
tyes oe steamer cannot be burst and no one 

e criminally responsible. 








THE COMMISSIONERS OF PATENTS’ 
REPORT. 

TueEannual report of the Commissioners of Patents 
for Inventions furnishes an admirable instance of 
that conservative spirit which is the ruling cha- 
racteristic of British institutions. Ever since the 
Patent Office was established on its present basis, 
that is, since the year 1852, the Report has been 
couched in almost precisely similar language, the 
figures only being varied. So much has this been 
the case that the type might very well have been 
kept standing from year to year, and the same might 
almost be said of the various notices of it which 
have appeared in this journal. The article we wrote 
on the former report, with a few trifling alterations 
here and there, would serve very well for the Re- 
port for 1875 now under consideration. What we 
said of the 1873 Report would apply equally to that 
for 1872, and so on. 

There are public departments of far less importance 
and interest than the Patent Office, the heads of 
which do manage somehow or other to produce re- 
ports of singular importance and interest without 
in any way travelling beyond the strict limits of their 
office. We have in former years adverted to the 
meagreness of the Commissioners of Patents’ Report, 
and we must do so again. When we consider the 
vast interests which centre in the Patent Office, and 
that there is scarcely any invention of value or im- 





Portance which has not passed through the office, 
we are surely entitled to complain that the Com- 
missioners give the publicnothing more than the driest, 
the very baldest résumé of the mere office work of the 
department. We have only the dry bones of statistics, 
but it would not, we should imagine, be beyond the 
mediocre abilities usually found in Government 
offices to clothe these dry bones with flesh, and to 
draw up areport which would present a fairly faithful 
picture of the industrial progress of the year. But 
we have nothing of the sort, and we must deal with 
what we have. 

The number of applications for patents has 
steadily and uninterruptedly increased for the last 
few years. In 1870 it was 3405, whilst in 1875 it 
reached 4561, or almost exactly 33 per cent. more. 
Although not of course given in the present Report, 
which relates to the year 1875, we may here remark 
that the number of applications for the current 
year is likely to considerably exceed 5000. This 
estimate is based upon the number of patents 
applied for up to the end of August of the present 
year. This fact is worthy the attention of the 
political economist and statistician. In the face of 
the depression which undoubtedly exists in many 
branches of trade, how is it that the inventive 
activity of the country is greater than ever? An 
intelligent scrutiny of the patent lists such as we 
have suggested in a former part of this article 
might perhaps furnish a solution of the apgarent 
anomaly. Asa contribution towards the explana- 
tion we may say that nearly 300 patents for roller 
skates, compositions for skating rinks, and allied 
contrivances, have been applied for during the 
present year alone, 

To return, however, to the figures of the Report. 
Of these 4561 applications, 1173 never advanced 
beyond the ‘‘ provisional” stage, only 3112 were 
sealed, and 2887 final specifications were filed. In 
fact, only 3049 complete patents were issued, or 
aay pod fewer than in 1874, although the num- 

er of applications in that year was not so large 
as in 1875. The advocates of previous examina. 
tion would do well to* ponder these facts. Almost 
exactly one-third of the applications made during 
1875 died a natural death before they were 
six months old, and never received anything more 
than ‘‘ provisional” protection. We have grave 
doubts whether any greater proportion would 
be nipped in the bud under a system of previous 
examination, for it must be borne in mind that 
the natural obstinacy of inventors would be roused 
if their applications were refused, and many would 
be granted on appeal. 

The financial part of the Report presents few 
features of interest. The gross annual revenue was 
inroundnumbers160,000/., exhibitingaslightincrease 
on that of the former year, due of course to the ad- 
ditional applications. Under the head of disburse- 
ments we notice that about 11,000/. was paid in 
salaries, 3370/. in compensations, and 7000/. for inci- 
dental expenses. With reference to these compen- 
sations we must point out (not for the first time 
however), that they are only charged to the Patent 
Office account by straining the provisions of the 
Act of 1852. They are not ‘‘ compensations” at 
all, that is to say, they are payments to offices not 
to individuals. The law officers of Ireland and 
Scotland aud their clerks have not the shadow of a 
right to be ——— out of the patent fees. That 
is a charge which ought to be borne by the Con- 
solidated Fund. The heaviest item is 24,000/. for 

aper and printing. The surplus income of profit 
or the year amounted to 111,000/. This it must be 
remembered represents the sum which is extracted 
from the pockets of patentees (over and above the 
office expenses) as the penalty for presuming to give 
to the country something which it didnot possess 
before. More than a million and a quarter has 
been so added to the imperial revenue since the 
passing of the Patent Law Amendment Act of 
1852. 

There is something indescribably touching in the 
manner in which the Commissioners still persist in 
reprinting their statement on the subject of a new 
building for the Patent Office, presented to the 
Treasury in the momentous period of ‘‘ once upon 
a time,” or to quote thewords of the present Report, 
“* at so early a period as April, 1858.” The site 
fixed upon by the Commissioners of that time has 
long ago been occupied in other ways. Meanwhile 
the Commissioners have remained faithful to their 
early love, and while willing to admit that this is 
a very beautiful trait in their character, we cannot 





help pointing out that it could have been more 





practical had they secured one of the many sites 
near Chancery-lane which have been in the market 
during the past twenty years. 

The general impression left on our mind after the 
perusal of the Report is one of helplessness and want 
of vigour on the part of its framers. This is a 
mental attitude with which we have specially small 
sympathy. 

Before taking leave of this subject we may refer 
to a very able article in the 7imes of Tuesday last, 
in which the gn is made the text of a general 
description of the operations of the Patent Office, 
together with an exposure of some of its more 
manifest defects. 


GLASGOW—1876. 

For the third time in its history, the British 
Association for the Advancement of Science holds 
its meeting in Glasgow. Established in the year 
1831, the Association met in that city ten years 
later under the presidency of the Marquis of 
Breadalbane, and again its twenty-fifth in the year 
1855, under the presidency of the Duke of Argyle, 
and now the forty-fifth session of the Association 
has opened in the commercial] metropolis ot Scot- 
land, with a distinguished chemist, in the person of 
Dr. Thomas Andrews, of Belfast, occupying the 
presidential chair. 

Glasgow occupies an irregular area, which is 
between five and six miles in length, and nearly 
four in breadth; and with its immediate suburbs, 
several of which are independent burghs, it now 
has a population closely verging upon 700,000. 
It would be beside the purpose of this article 
to show how Glasgow has grown from century 
to century, and from decade to decade, in popula- 
tion and in wealth, and in its industrial, social, and 
peangy importance ; our aim is rather to consider 

ow Glasgow, with the surrounding district, now 
stands in respect of some of the great industries. 
With regard to the growth of the population, which 
is always a pretty fair index to the industrial im- 
portance of a community, we may simply mention 
that, while Glasgow has now, as we have said, nearly 
700,000 inhabitants, there were just about half that 
number in 1851, while in 1801 thenumber was 83,769. 
Daring the last eight or ten years there has been 
produced a most important change within the bounds 
of the municipality, in response to an Act of Parlia- 
ment obtained for what was called ‘‘ City Improve- 
ment.” Already many hundreds of thousands of 
pounds have been spent by the Town Council, in 
their capacity as Improvement Commissioners, in 
purchasing old property in densely peopled localities, 
running new and spacious streets through them, and 
building houses on the lines of the new thoroughfares 
more in accordance with the sanitary demands of the 
present day than were the dwelling places of the 
town population in past centuries. ‘Che improve- 
ment scheme is now proceeding with gigantic strides, 
and visitors to Glasgow, who have not been in it 
during the last ten years, now find in several dis- 
tricts a most complete transformation. 

As far back as the year 1806, the city was 
systematically supplied with water pumped from the 
river Clyde and then filtered. More recently, 
owing to the rapid extension of the south side of 
the city, an excellent supply of water was obtained 
for the southern districts by what was called the 
Gorbals Gravitation Water Works Company, the 
water being collected at a considerable elevatior 
about six or eight miles to the south of the city, In 
the year 1859 there was completed, under the pro- 
visions of an Act of Parliament obtained by the 
Town Council, the great Loch Katrine Water 
Works scheme; the engineer for this undertaking 
was, it may be remembered, Mr. J. F, Bateman. 

In the year 1817 the city was first lighted with 
gas, and for many years it depended exclusively 
upon the resources of one company for its supply, 
but eventually another—the City and Sub- 
urban—was incorporated, and additional works 
of large extent were erected. By an Act which 
was passed in thg year 1869 the city authorities 
succeeded in absorbing both of the gas supply 
companies, and the manufacture has since been con- 
ducted solely in the interests of the community. In 
the year 1827 gas was made in Glasgow to the ex- 
tent of 79,234,910 cubic feet; in 1837 the make 
was more than doubled ; in 1847 the production rose 
to 391,353,000 cubic feet ; in 1857 it was 697,378,000 
cubic feet; in 1867 it rose to 1,119,842,000 cubic 
feet; and last year it was 1,649,616,000. 

Glasgow is abundantly supplied with railway 
accommodation, and although not much can yet be 
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said as to the stations which form the termini of the 
three great railway systems of Scotland, there is 


per annum; and by another firm, about 30,000/. 
worth of water meters are made annually. 
In Glasgow and Coatbridge there are somewhere 























very sensible evidence of progress towards a yn 
er- 

tainly one of the most valuable additions made to 
the means of locomotion during recent years is the 
City of Glasgow Union Railway, which connects 
the systems on the south side of the river with those 
on the north, and the south-west parts of the city 
The construction of a railway 
rigbt through the heart of the city is certainly a 
ew 

months passengers travelling north by the Midland 
Railway have been able to arrive in the very centre 
of the city, quite close to many of the public offices 
remises of many eminent com- 


different condition of things in this respect. 


with the eastern. 


very great step in advance. For the last 


and the business 
mercial and manufacturing firms. 


When we look at Glasgow and the Clyde in con- 
nexion with the engineering and allied arts, we are 
led by a variety of circumstances to the conclusion 
that there is probably no other district in the 
kingdom in which they have attained a development 
whose extent, completeness, and variety are equalled 
by thiose that may be witnessed within the area 
In a litttle handbook of Glasgow, 
ared for the present occasion, the writer says : 
contributed to make 
Glasgow and the Clyde famous all over the world 
for the position which they have now attained in 
the application of iron to the wants of mankind. 
Skill in mechanical construction has become almost 


referred to. 


pre 
“N ircumst have 
any circumstances have 


about a dozen establishments engaged wholly in the 
manufacture of malleable iron tubes, the annual 
turn out of which is probably from 20,000 to 25,000 
tons, the total value being from 400,000/. to 500,000/. 
There are now two factories in Glasgow that are 
devoted exclusively to the production of locomotives 
upon a very extensive scale, the annual turn out 
being fully 230. The number of locomotive engines 
constructed by, and at present under order with, 
Messrs. Neilson and Co., is 1780, their aggregate 
value belng 33 millions of pounds sterling, and 
Messrs. Diibs and Co. have built nearly a thousand 
since they commenced operation in 1865. Consider- 
able numbers have also been made at the locomotive 
works of the three great railway companies, the 
Caledonian, the North British, and the Glasgow 
and South-Western. We should require far more 
space than is at our disposal even to indicate very 
briefly the many important developments of the 
engineering trade in the Glasgow district; and all 
that we can do in the remainder of our remarks on 
the subject is to summarise only a very few of them. 
Steam hammers are extensively made, particularly 
on the Rigby system; and in Glasgow and at other 
places on the Clyde there are several famous forges, 
such as the Lancefield, Parkhead, and Dennystowne. 
Sugat-making machinery is produced on an enormous 
scale, by a number of*firms, the acknowledged head, 
however, being Messrs. Mirrlees, Tait, and Watson. 










an inherited faculty, as evidence of which we can 
refer to at least two, if not even three generations 
of Napiers, Dennys, Duncans, Elders, Neilsons, &c., 
in the industries in question. ‘Then, again, the 
county of Lanark in particular has been abundantly 
favoured by her deposits of coal and ironstone ; 
and by the discoveries of David Mushet, near the 
beginning of the present century, and the great in- 
vention of James Beaumont Neilson, nearly half a| t 
century ago, those mineral deposits became largely 
taken advantage of. Lastly, much of the success of 
the district in the science and art of using iron to 
advantage must be traced more or less directly to 


Then, again, at Johnstone there is the establishment 
of Messrs. McDowall and Sons, 
working machinery is well known in all parts of 
the world. As to machine tools, we have only 
to name Messrs. Thomas Shanks and Co., John- 
stone, and Messrs. G. and A. Harvey, Glasgow, in 
order to show that the district ranks high in 


whose wood- 


hat branch of engineering practice. The utter- 


most ends of the earth, even China and Japan, 
are supplied with machine tools from Glasgow. 
Textile machinery, colliery machinery, blowing 
engines and pumping machinery, railway plant, gas 


the Clyde itself, inasmuch as it rapidly became in 

rustees, a great 
public water highway, a magnificent channel from 
whose banks ironclads of the largest size and 
merchant ships of the largest class could safely be 


the hands of the Clyde Navigation 


launched. No river has attracted more attention, 


been more written about, or has had a larger 


amount of engineering talent spent upon it, and 
certainly no river in the world has derived more 
beneficial results from engineering science. Pro- 
vided with such an invaluable highway to the open 
sea, and thence to all parts of the world, the ship- 
builders and marine engineers were not slow to 
locate their great industrial establishments upon its 
banks, and eventually the Clyde has become, and is 
universally acknowledged to be, the great head- 
quarters of the shipbuilding industry. From its 
various shipyards there is now turned out, we 
believe, as much shipping as is produced not only 
at all the other seats of the shipbuilding trade in the 
United Kingdom combined, but likewise in all 
other parts of the world.” 

In respect to the many industrial establishments 
connected with the engineering and shipbuilding in- 
dustries of Glasgow and the samen district, 
there is much to interest strangers from a distance ; 
and we are glad to be able tosay that many of them 
are, during the present week, freely open to visitors, 
In the immediate neighbourhood of Glasgow there 
is worked the raw ironstone—the famous blackband 
which Mushet first disentombed on the banks of the 
Calder ; coal is worked to smelt it, and limestone is 
got in the same neighbourhood, or within a very 
few miles of the blast furnaces. The production of 
pig iron has been prosecuted for many years, and 
during the last ten years or so it has ranged at or 
about 1,000,000 tons per annum, ard it has even 
been up at 1,206,000 tons. Then, again, within a 
very few miles of Glasgow the Pg iron may be seen 
transformed into wrought iron ofa great variety of 
forms ; and even steel rails are now made on a large 
scale, by the Siemens-Martin process, in the im- 
mediate vicinity of Glasgow. We are sorry to say 
that for a considerable time the Atlas Bessemer Steel 
Works, started by the late Mr. John M. Rowan, 
have not shown any activity ; indeed, they have been 
entirely closed for at least two years. 

There are probably about 120,000 tons of cast- 
iron pipes made per annum in Glasgow alone; by 
one firm about 60,000 American stoves of all kinds, 


ranging in price from about 10s, up to 20/., are made 








works apparatus, and many ‘other examples of en- 
gineering construction are made upon a very large 
scale, 

In marine engineering Glasgow can boast of 
Henry Bell, David Napier, his cousin Robert Napier, 
lately deceased in the 85th year of his age; David 
Elder, his distinguished son, John Elder; John 
Wood, William rere and many others who were 
or still are, prominently among the shipbuilders and 
engineers of the Clyde. 

Finally, but by no means of the least importance, 
Glasgow has cause to be proud of her universities, 
and of the number of great men who are or have 
been associated with the city through them. 
Among these we may recall Dr. Joseph Black, 
prfessor of chemistry; Dr. Robison, professor 
of natural philosophy; and Dr. Simson, pro- 
fessor of geometry. These were all contemporary 
with, and friends of James Watt, during his resi- 
dence in Glasgow. Later, we come to Dr. Thomas 





Thomson, professor of pany?! Professor James 
Thomson, and his two sons, Sir William, and James ; 
and lastly, Professor Rankine, whose loss has been | 





graduating there in medicine in the year 1835. In 
the same year he was appointed lecturer on chemistry 
in the Royal Belfast Academical Institution, and when 
the Queen’s Colleges in Ireland were founded by the 
late Sir Robert Peel, Dr. Andrews was made Vice- 
President and Professor of Chemistry in the Belfast Queen’s 
College, both of which offices he still continues to hold. 
Two of the earliest of the scientific papers written by Dr. 
Andrews appeared in 1836-7 in the Philosophical Magazine, 
and attracted a good deal of attention. One was on the 
conducting power of flames and of heated air for electricity; 
the other on a new class of thermo-electric currents between 
metals and fused salts. His first papers on the heat of 
combination were communicated tothe Royal Irish Academy, 
and were followed by others on the same subject, which 
were read before the Royal Society of London, and pub- 
lished in the Philosophical Transactions, besides an ela- 
borate paper on the heat evolved in the combustion of 
bodies in oxygen and chlorine in the Philosophical Magazine 
in the year 1848. These papers were translated and pub- 
lished both in French and German, and other foreign scientific 
journals, In 1844 the Royal Medal in Chemistry was ad- 
judgedto Dr. Andrews by the Royal Society of London, and 
the grounds on which the award was made were stated in 
very complimentary terms by the Marquis of Northampton 
on behalf of the Council of the Society. The last paper 
published on this subject by Dr. Andrews appeared in 1870 
in the Transactions of the Royal Society of Edinburgh. He 
has also from time to time published a number of other 
papers bearing chiefly on physico-chemical subjects. Since 
the year 1853 he has devoted a vast amount of attention to 
the subject of ozone, following up the discovery made by 
Schénbein, and on the question of the true nature of that 
remarkable body Dr. Andrews may now, through the 
results of his most masterly researches, be said to be the 
greatest living authority. In 1869 he delivered the Bakerian 
Lecture before the Royal Society, taking as his subject the 
properties of gases and liquids under varied conditions of 
temperature and pressure. Again, in April last he delivered 
the Bakerian Lecture, on an allied subject. He was made 
an F.R.S. in 1849, and in 1869 (in succession to the late 
Master of the Mint) he was elected one of the twenty 
British Honorary Fellows of the Royal Society of Edin- 
burgh. He is an original Fellow of the Chemical Society 
of London, and has had various other honours conferred 
upon him by learned societies both at home and abroad. 














AMERICAN LOCOMOTIVE PER- 
FORMANCES. 
To THE EprTor oF ENGINEERING. 

Srr,—On examining the Table published in ENGINzrER- 
Ina of June 23, 1876, entitled ‘‘ motive Performances 
on the eager Railroad,’’ comparing the ines of 
Class I with those of Classes D and E, I Be ye you 
have omitted a very important item of the performance of 
these engines on this division, namely, the consumption of 
fuel per car mile as stated below : 











| 
Engines Running | Average Pounds of 
between | Class. | Fuel per Car Mile. 
Erie and Langdons I | 8.8) Western Divi- 
7m ae ae * D | 4.7 sion. 
Renovo and Jersey Shore I | 2.7 
39 aa D | 35( Eastern Divi- 
Susquehanna Division “| A | 2.5¢ sion. 
| 3.4 


9 a : 





It may be interesting to supplement this information by 
giving the performance of two of these engines (Class I) 
running on this division from January 1st to July Ist, 
which I have embodied in the following statement. 

Tn explanation of the above statement it is necessary to 
add that in obtaining the ‘‘ Mileage of cars’ and the 











| | ie 
Cars Moved. Mileage of Cars. Average Number of Cars 
. . in Train. 
Engine | .... Mileage of 
Number. | Division. Engine. 
| Loaded. Empty. Actual. - | On oe | Actual. | a a 
} 
1004 [Western ..| 24,097 | 7,622 3365 887,163 | 787,370 | 38.7 | 344 
1011 Eastern... 24,902 12,236 8687 1,730,310 1,424,901 69.4 | 57.2 


felt throughout the scientific “world, and who, had 
he lived, would doubtless have been the President 
of the British Association during the present year. 


DR. THOMAS ANDREWS, F.R.S., 
Prestvent OF THE British ASsoctraTiIon. 

Ir has been well said of Dr. Andrews, this year’s Presi- 
dent of the British Association, that he has been discovered 
by his discoveries, for certainly there are but few men of 
science living who, having attained to the front rank as 
investigators, have lived a more quiet and unpretending life. 
Born in Belfast in 1813, he studied practical chemistry in 
the laboratory of the University of Glasgow under Dr, 
Thomas Thomson, a man of great eminence in his own 
science and inthe allied science of mineralogy ; and in the 
year 1830 he had the rare advantage of being admitted 
into the private laboratory of M. Dumas, at the Polytechnic 
School in Paris. He passed through the undergraduate 
course of arts in the Uuiversity of Dublin, and then pro- 
ceeded to Edinburgh to complete his medical studies, 














** Average number of cars in train’’ on loaded basis, five 
empty cars are considered as m4 to three loaded. 

he western division is very hilly and has several grades, 
the controlling one being between Erie and Langdons, say 
71 ft. to the mile, while the eastern division is nearly level 
having a slight grade of 24 ft. to the mile between ovo 
to Jersey Shore. 

The large amount of work done by these engines during 
so short a period demonstrates their superiority over engines 
of more complicated desi now in use on European roads, 
as owing to their simplicity of construction they are capable 
of performing this labour without being so frequently sent 
to the shop for repairs, a feature which renders ‘their com- 
petitors so objectionable. 

It is important for European builders to know; that con- 
solidation engines, weighing about 92,000 lb. when loaded, 
supported on five pairs of wheels, capable of curves 
of ft. radius can be built in Philadelphia for about 
11,000 dols., and such engines are capable of doing the heaviest 
freight service without being constantly in the repair shop. 

I remain, Sir, _ truly, 

Williamsport, Pa., August 7, 1876. Howarp Fryr. 
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THE THUNDERER EXPLOSION. 
To THE EprTror or ENGINEERING. 

Srr,—From your leader in last week’s ENGINEERING, 
I gather that you disapprove of the use of sentinel valves 
in the Royal Navy. At the trial just concluded Mr. Bram- 
well recommended a small open safety valve fitted to each 
boiler similar to those specified by Mr. Wright, the engi- 
neer-in-chief to the Admiralty, and fit by Messrs. 
Eastons and Anderson, in the Rover and Euryalus in 1872, 
and Mr. Fletcher recommends two open valves similar to 
Ramsbottem’s ordinary twin valves, but miuch smaller. 

Both these suggestions I agree with, but I would go a step 
further, and apply Smith’s steam sentinel, which, in addition 
to the qualities possessed by the small open safety 
valves, has another which I consider very essential. It lets 
all the steam which escapes when the little safety valve 
lifts, out through a steam whistle, thus calling the attention 
of the stokers and the engineers on duty to the over 
pressure in the boiler, and it may even tell its tale to the 


captain of the ; Again, there are no means of stopping 
its whistling, and it will therefore continue its noise un 
the pressure in the boiler is reduced to the proper working 
pressure. 


Now I maintain that if such a “sentinel”? had been 
fitted to the exploded boiler of the Thunderer, timely notice 
would have been given by this little instrument of the fact 
that an undue pressure was being accumulated:in the now 
exploded boiler, and this catastrophe might have been 
avoided. When Mr. Fletcher read his excellent paper on 
the Lancashire boiler to the Institution of Mechanical 
Engineers in a last, I recommended, during the discus- 
sion that followed, the use of Smith’s steam sentinel, “‘as 
affording additional safety ’’ to the Lancashire boiler, and 
this recommendation was based upon my own independent 
experiments with this sentinel on a Cornish boiler in the 
north-east part of London. At the time the engine was 
stopped for a short time to allow the steam to rise quickly 
above the ordinary working pressure, and as soon as this 
was exceeded, the whistle commenced to blow and did not 
leave off before the pressure had fallen below the pressure 
at which the safety valves were set. I may mention that 
the owner, hearing the whistling continue for more than 
ten minutes, came my | down to see what was the 
matter, althongh he was fully aware of the experiment 
being carried on at the time. 

This sentinel is the invention of Mr. John Smith, the chief 
inspector of the London and Manchester Boiler insurance 
Company, London, who, from his experience with steam 
boilers, found that such an instrument was wanted for the 
purpose of checking the ordinary safety valve and pressure 
gauge, and also for the purpose of informing the owners or 
mai rs of large works when the stokers think proper to 
load the safety valves above their proper working pressure. 

As we have checks upon the water gauge of a boiler in 
the shape of low-water detectors, gauge cocks and floats 
connected with steam whistles, I 'y do not see why a 
check on the safety valve, in the shape of a steam sentinel, 
should not be applied, without its being considered “an 
insult upon engineers.”’ 

I am, Sir, your obedient servant, 
Lrwis OLRICKE. 

27, Leadenhall-street, E.C., 6th Sept-, 1876. 

[Mr. Smith’s ‘‘ steam sentinel’’ is, as Mr. Olrick observes, 
a sinall safety valve, the steam discharged by which passes 
through a whistle. The trustworthiness of the apparatus 
depends entirely upon whether or not the safety valve 
which forms part of it can be relied upon to act at the 
desired pressure. If this safety valve can be constructed so 
that it may be depended upon, then other safety valves can 
also be so constructed, and the ‘‘ sentinel’? becomes super- 
fluous. If on the other hand the safety valve cannot 
always be relied upon, then the “‘ sentinel’”’ is useless. We 
may add that if a “‘ sentinel’”’ valve is fitted to a boiler at 
all, we should prefer the forms advocated by Mr. Bramwell 
or Mr. Fletcher as being less likely to stick than that used 
by Mr. Smith.—Ep. EL 





To THE Ep1ITor OF ENGINEERING. 

Srr,—To many of your readers it must ap that the 
results of inquiries into boiler explosions where scientific 
evidence is introduced are becoming more and more unsatis- 
factory. To go no farther back than the explosion on 
board the Thistle, whilst being tried at the measured mile, 
and taking the more recent explosions at Blackburn, Tod- 
morden, North Shields, and Pendleton, we come at last to 
that on board the Thunderer, which in some respects is the 
most unsatisfactory of all. 

Assuming the correctness of the cause as accepted by 
the jury, that ‘‘the accident was due to the sticking of the 
safety valves from the contraction of their metal seats,” 
there was evidently here one case of ignorance, incom- 
petence, or neglect which ought to have been sifted by the 
jury. Why were not the coroner and jury given to under- 
stand that valves which can possibly stick fast by any un- 
equal expanson between the valve and its seat or its casing, 
are not safety valves except in name, and the conclusion 
would have been forced upon them that at least one boiler 
on board the Thunderer was supplied without safety valves 
in the proper sense of the word. The defect in the so- 
called safety valves was one due either to ignorance or 
neglect, and those responsible for the make of the valves, 
from the manager and draughtsman down to the man or lad 
who turned or filed the valve to its seat, should have been 
examined in order to ascertain whether the alleged tight- 
ness of the valve was due to the general ignorance prevail- 
mg as to the amount of clearance a safety valve of that 
my _ ake should nae or te neglect in not giving it 

I 0 r) it was expected to have. 
light might then have been thrown upon the Myo 
— under which so-called safety valves are supplied to 
} Navy. One of the men or lads through whose 
job passed might have discovered that the valve was in 


the wrong seat, or it might have been satisfacto 


rily proved 


hands | situations a 








that the hand-lifting valve did not stick fast from con- 
traction of the seat after all. 
report, 


Taking the corrected version of Mr, Bramwell’s 
in which it is implied that the non-hand-liftable valve had 
stuck fast, but possibly not from the contraction of the 
seat, I would ask the coroner’s assessor if he ever met with 
a grosser case of reckless boiler management than to raise 
steam in a boiler, on board a crowded vessel, with a safety 
valve that had not been examined, , or turned on its 
seat for at least eleven months and possibly for three 

ears? Any one who could expect a heavily weighted valve 
i rise at the intended working pressure, after being on a 
boiler out of use for a few weeks, displays an amount of 
ignorance in boiler management which by many will be 
considered culpable in the case of men having the experi- 
ence of those in charge of the boilers in the Navy. If the 
design of valve and its position interfered with the facility 
for ascertaining its condition at any time, then the blame 
extends further still. 

There is a very obvious question which does not ap 
to have been even asked, and much less sifted, viz., where 
were the eyes of all in the stokehole during the interval of 
time the pressure gauge hand was travelling from 30 Ib. 
past the stop pin at 35 lb. to the stop pin at zero, i 
always the correctness of Mr. Bramwell’s conjecture as to 
the behaviour of the gauge? The cogency of this question 
cannot be evaded, in considering the finding and recom- 
2 . the jury, — it be yor" ud all vee 

uty was eep an eye on the gauge paid the t) 
these negligence with their lives ; warerinalens the vin, 
remains that a proper vigilance had not been maintained. 
According to the evidence of one of the witnesses, the pres- 
sure at eleven o’clock was 4 lb., and a few minutes after- 
wards it was 9 lb., and then the fires were checked. 

One remarkable circumstance connected with this in- 
quiry is the confusion amongst the scientific gentlemen 
engaged, as confirmed by the i of the jury and by the 
ne correspondence in the Times. 

Mr.. Bramwell, in speaking of the fitting of the 
valves, used the words ‘‘ ignorant’’ or ‘‘ careless ’’ ins 
of “‘too great nicety,’’ the inquiry might have taken a 
different turn, in spite of the soothing influenee that ap- 
peared to be over all connected with the investigation. 

It is a pity Mr. Bramwell let off in his report that little 
joke of his about its being new to himself and other engi- 
neers that ‘‘a safety valve which will rise and fall when 
cold, and which, when once being heated and having risen 
and f will re-rise and re-fall in obedience to the pres- 
sure of steam, will, on first being heated from cold, stick in 
its seat and refuse to lift by the pressure of steam which 
ought to rise. This applied to safety valves of the ordinary 
construction.”’ 

Your engineering readers will perceive the sarcasm of the 
statement, since valves which so act cannot be safety valves 
except in name, but the coroner, jury, scientific gentlemen, 
and others, have been confused by the statement, having 
apparently had no experience in the sticking fast of piston 
and other valves upon the steam or hot water being let in 
upon them, in which state they remain till their seats or 
casings become thoroughly heated, when the valve will be 
sr free to move again, and this with valve and casing of 
the same metal. Not only has this been known for years, 
but in many cases the difficult has been overcome by 
making the casing to be heated as rapidly as the valve 
itself, on letting in the hot water or steam.: If any of the 
scientific gentlemen are sceptical of this phenomenon not 
being a new discovery, let them ask the fireman or engineer 
of any land boiler, having a tap for the blow out, to turn 
it, and he will see from the manner in which it is mani- 
pulated that the effects are known of heating a piece of 
metal before the metal enclosing it is heated to something 
like the same temperature. If any gentleman should be 
still sceptical about this discovery not being new, I beg to 
refer him to page 141 of my “‘ Treatise on Steam Boilers,” 
and when safety valves (so-called) are made as tight a fit 
as brass plugs or keys in a tap, the only way to insure 
their opening properly is to manipulate them somewhat 
after the same manner as I have there described. 

One of the most curious results of the inquiry is the 
absurdity of the conclusion of most of the recommenda- 
tions of the jury. Firstly, they recommend that, in future, 
if any derangement of the pressure gauge of any boiler 
occurs, that care should be taken to in if the com- 
munication is free between it and the other boilers. Now 
this is virtually ignoring the presence and importance of 
the safety valves altogether. Stop valves are made to 
shut, and sometimes have to be kept shut with the steam 
up, and safety valves should be made to rise to the pressure. 
Because the accidental non-opening of the stop valves 
revealed the defective condition of the safety valves, it has 
been concluded that the former should be considered as 
contributing to the explosion. Supposing the steam pipes 
had given way, or the stop valves on engines had re: to 
close, and it was found necessary to shut the stop valves. 
without drawing the fires, in all the boilers, would their 
having been closed purposely have been regarded as contri- 
butary to the explosion? 

Allow me to quote the following, which s volumes 
for the discernment of the writer: ‘‘I say that the Thun- 
derer’s boiler exploded because the stop valve was shut. If 
the boiler had had no safety valve at all, it would not have 
burst so long as the steam from it could pass to the engines 
at work. The absence of safety valves, or their inaction 
through sticking fast, in one boiler would have had no effect 
whatever on the steam pressure in that boiler or the re- 
maining seven.” This is from a letter in the Times of 
Tuesday last, and signed by ‘‘Chief Engineer, R.N.” 
Heaven help the Royal Navy if it has many such chief en- 
gineers who argue like this ! 

The jury, instead of recommending additional stop } 
for the pressure gauge, should have recommended for dark 
with éécentric hand (which not only 


a 
prevents the Toad teler taken round to zero, but ts 


preven’ 
any possibility of mistaking the two ends of the hand), | period 





, peeps to double the ing off pressure when this 
on not exceed 30 Ib., and “se a quality as ~ render 
e@ zero pin unnecessary, this pi ing merely an ex- 
pedient yk conceal ° — it does not ad ‘with such a 
gauge a in i ressure 
Sakon dae —— 


to bend on this pressure being ex 

Many engineers will have learnt with s ise that the 
Navy uses pressure gauges uated to only 5 Ib. higher 
than the intended blowing off pressure of the boiler. This 


is not. a bri? satisfactory state of boiler management. 
The name of the maker of the gauge did not come out in 
the evidence. Surely the gauge was not one of that sort 
on which the maker is ashamed to put his name! The 
third recommendation is still harping on the stop valves. 

As to the fourth recommendation, what would be the 
use of a third safety valve under the same conditions of 
negligence or ignorance as brought about this accident? 
Moreover, if there is one kind of valve more likely to stick 
than another it is a valve weighted above the others, and 
which is not expected to work, and is not depended upon 
for safety. It would certainly be one more chance of 
safety ; but if we adopt the chance system, why not have 
half a dozen or more small valves at once; a safer plan 
would be to have a bursting plate, say of copper of ascer- 
tained strength, placed in such a position that it will burst 
and relieve the pressure without scalding the crew, or 
allowing the fracture to spread into the boiler; but has 
the Navy come to such a pass as to require such a last 
resource as this? Small open safety valves that would 
deliver the steam into an ironclad’s stokehole, would soon be 
considered a nuisance, as Shar would make these pande- 
moniums even more unendurable than they are at present. 
With safety valves of proper design and make, there is no 
necessity for any of these toys and makeshifts. 

Iam, Sir, yours respectfully, 
ROBERT WILSON. 
11, St. Bride-street, E.C., September 6, 1876. 





To THE EDITOR OF ENGINEERING. 

S1r,—I find on reference to the last number of your 
valuable paper that the evidence which I gave on the 30th 
ultimo at Haslar before the coroner and jury upon 
to inquire into the causes which led to the lamentable 
catastrophe on board H.M.S. Thunderer, has been rather 
unsatisfactorily reported in your columns, and uires 
from me an explanation on some of the points referred 
to. I shall therefore feel extremely obliged if you will 
allow the following corrections to appear in your next issue 
of the results of the experiments which I carried out during 
the inquiry, and attempted to lay before the court—a court 
which, up to this day, had shown such an unusual amount of 
patience and perseverance, but which had, and not without 
much reason, become very weary and doubtful of the necessity 
of i any more scientific evidence on the questions in- 
volved. ; 

The corrections I wish to have made are: 1. That the 
difference between the clearance of the valve which worked, 
or commenced to lift, in its seating with 30 lb. pressure on 
the square inch, and that of the valve that stuck and would 
not lift with a pressure under 55 lb., should be one thickness 
(not two) of foreign post paper. 2. That the temperature 
of the valve on it being tried the first time in its seating 
(hot) should be 155 deg. and not 175 deg. 38. After ‘‘The 
effect of this one heat on the gun-metal bush,” should read 
‘‘ was just what you see before you, and that is, to make 
the bush quite loose in the dise, or, in other words, to 
reduce its diameter externally .007882 in., or just the 
amount equal to two thicknesses of the foolscap paper 
already produced.’”’ 4. Instead of ‘‘ These experiments 
confirmed,’’ it should read, ‘‘ These experiments confirm 
without a doubt the view that safety valve seatings bound 
tightly in cast-iron chambers, as on board the Thunderer 
would gradually become contracted by repeated heating an 
cooling.” 5. The next point is in reference to the recom- 
mendation I made as to the advisability of carrying out 
‘* further experiments,’’ which was not intended for ascer- 
taining the effects of ‘‘ expansion and contraction of 
metals,” but for the purpose of ascertaining the 
strength of flat stayed surfaces with various thick- 
nesses of plates various distances between the 
stays. What I said, I believe, was somewhat the same as 
what appeared in the columns of the Standard, and thatis, 
“The suggestion that an experimental flat-stayed chamber 
should be made, emanated, I believe, from me. In my 
opinion it is decidedly most important that further inquiries 
should be instituted on such an neat subject. Next 
to ascertaining the probable strength of the uptake of the 
exploded boiler, that was my principal reason for wishing 
the experimental chamber made,” ; 

With regard to the last point, allow me to explain that it 
was quite an oversight, I did not correct this error in my 
letter to the Times of the 1st instant; in whose columns 
also my recommendation had, somehow, been misrepre- 
sented, and not to be wondered at, ——as that the 
answers only, and not the questions which led to them, 
were reported. ; 

In conclusion, allow me to add that the clear, sensible, 
and practical manner in which you have shown, what 
appears to me to have been not only the probable, but the 
cause of the explosion, to those who still hold and believe 
that one of the valve spindles was either broken or bent 
before the day of the explosion, or that the valves—one or 
both—had stuck from causes other than that produced by 
the difference due to the expansion and contraction of the 
metals, should be as convincing as it is true. Apologising 
for troubling you, 

I am your obedient servant, 
Davip Puruuies, Memb. Inst. C.E. 

23, Montpelier-square, September 6, 1876. : 

Tue Suez Canau.—In the first ten days ending with 


August 20, 35 ships passed through the Suez Canal. The 
transit revenue collected by the Canal Company in the same 











was 28,5601, 
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WEIMER’S HOT BLAST STOVE. 


DESIGNED AND CONSTRUCTED AT THE WEIMER MACHINE WORKS, LEBANON, PA., U.S.A. 


Tue engraving represents one of Mr. Weimer's 
suspended pipe hot blast stoves, the most im- La 
portant feature of which is the suspending of 
the pipe from the roof of the stove, and the 
absence of the usual bed-pipes or mains. 
The pipes are U-shaped, with the upper ends 
turned outwards and flanged. The cross section 
of the pipe is a parallelogram with semicircular 
ends, the internal dimensions being 4 in. by 
12 in. and external 6} in. by 14} in., except at 
the curve of the lj, where the metal has been 
increased to 1} in. in thickness, the excess 
tapering gradually until the uniform thickness 
of 1} in. is met about 8 in. from the bottom of 
the pipe; this additional thickness of metal is 
given to compensate for the action of the im- 
pinging gases and the more rapid oxidation of 
this part of the pipe. The flanges are planed 
to a true surface and secured to each other with 
key bolts; the pipes are cast from 12 ft. to 
20 ft. long as may be preferred, and have 
collars formed on their upper end immediately 
below the flanges for the purpose of giving 
support to the roof, which is made of brick cut 
to fit between the pipe. The inlet main rests 
on the top end wall of the stove and is 
provided with an inlet branch and three pipe 
branches ; three rows of U pipe (three to a row) 
convey the air to be heated from the inlet main 
through the first heating chamber to the transfer 
main, resting on the opposite side of the stove, 
where it is transferred to a similar lot of pipe, 
which convey it through chamber No. 2 to the 
outlet main. Each stove has two independent 
combustion chambers communicating each with 
its separate pipe chamber for the purpose of 
enabling the attendant to throw as much gas, 
and consequently heat, into the “cold” side of the 
stove as may be desirable, and to check a too , 
great accumulation on the hot side. Each pipe § 
is suspended by means of two key bolts to a 
15 in. wrought-iron beam, three of which 
traverse the top of the stove resting on wall 
plates. 
control the action of the upper pipe chambers, while the 
usual gas valve regulates the flow of gas to the combustion 
chamber. The following advantages are attained for this 
stove : perfect control of both gas and pipe heating chambers, 
greater durability of the heating pipe with no warping or 
toppling over, so destructive to the standing pipe stove, 
the great facility of repair, and economic first cost of 
construction. The joints are all planed and placed outside 
the heating chamber. 








THE HOOPER CORE. 
To THe Eprror or ENGINEERING. 

S1r,—As the late electrician-in-chief to Hooper’s Tele- 
graph Company, and for sixteen years conn with the 
manufacture of Hooper’s core, I may be permitted to 
—_ a few remarks on the article which appeared in your 

issue. 


Four draught chimneys on the corners of the stove | 


| 


I would first ask: Is our information with respect to | 


the behaviour of gutta-percha cables more complete than 
the evidence we have of india-rubber cores and cables? Or 


a 


The remark as to the frequent replacement of shore ends 
does not take me by surprise, for we know that this core | 
will not stand being kept dry after occasional wetting. | 
This led me in 1871 to patent a new form of india-rubbe 
wire, which I believe is the only form of wire which will | 
stand tropical heat, wet or dry. A length of this wire ex- 
| posed to the weather for the last three months in the full 
| glare of the sun, is as sound mechanically and electrically 
as when first made. 3 

I am, Sir, your obedient servant, 
Tuos. J. P. Bruck WARREN, 
Analytical and Consulting Chemist. 
| 14, Queen’s-terrace, St. John’s Wood, N.W. 





SCHMID’S SAFETY VALVE. 
To THE EDITOR OF ENGINEERING. , 
S1r,—I take the liberty of sending you herewith a tracing 
(see engraving annexed) of my new construction of safety 
valves for all kinds of boilers. I have applied this valve in 


why are india-rubber cables to be dealt with more inquisi- | 


tively than gutta-percha cables ? 


I think that it would be | 


advisable for the interests of submarine telegraphy that | 


the investing public should know the condition an 


suitabi- | 


lity of every description of cable property, and I believe | 


that until means are adopted to place this in the hands of 
the public, the manufacture maintaining of cables 
must remain a monopoly in the hands of those whose in- 
fluence and financial capabilities are the strongest. 


As to the lack of informatioa on Hooper’s core you 


complain of, it must be borne in mind that when a cable 
is laid, it is out of the contractor’s hands, and it is for the 
telegraph companies themselves to decide how far it is de- 
sirable to publish anything et to their property. The 
best proof, however, that there is little or nothing to com- 
plain of with Hooper’s core is, that no company having em- 


ployed it for submarine work has been found to abandon it, | 


or in any way to surrender their adherence to it. : 

With all the defects and doubts about this core, it is 
evident that in the case where comparison can be made, 
that is, with india-rubber and gutta-percha cables, side by 
side, as in the Persian Gulf, and where no private interests 
debar full information or engender prejudice, we have 
ample proof of its importance as a rival and substitute for 
gutta-percha. ; . 

It is surprising that no manufacturer has given attention 
to this core except Mr. Henley, whose production is no 
doubt an advance of great merit, for a cable laid in the 
south of Brazil is now, after two * submergence over 
eight thousand millions per nautical mile, after five minutes’ 
electrification. It rarely happens that an invention re- 
ceives its best development under the nursing of the original 
patentee. é 

I fully agree with the remark that this core has “‘ too 
many good qualities to be allowed to fall into disrepute for 
wad of investigating.’’ 





— 


valves since the Thunderer’s explosion, and for that reason 
I think it might interest you and the readers of your valu- 
able journal to hear of a new valve, which is so simple that 
no special description is wanted. I should like to see this 
valve largely adopted in your country, and I have there- 
fore not ap Tied for a patent. Hoping you will find it worth 
while to publish it in your paper, 
I remain yours respectfully, 


A. ScHMID. 
Zurich, September 1, 1876. 








PATENT OFFICE PUBLICATIONS. 
To THE EDITOR OF ENGINEERING. 

S1z,—Whilst willing to admit that your correspondent 
‘* Lex” has hit a real blot in the new mode of printing the 
patent specifications, I venture to think that he has failed 
to notice a far more important point. I allude to those 
cases in which a disclaimer and memorandum of alteration 
happens to have been filed. It is the custom in these docu- 
ments to refer to the page and line of the printed copy, so 
that a disclaimer drawn up with reference to the original 
edition of a specification’ will be ogee yr | unintelligible 
when read side by side with a copy of the specification 
printed in the same new form in smaller type and of course 

with more lines in the page. ; 
Yours faithfully, 
A Patent AGENT. 








’ Tue Untrep States Navy.—For the year ending June 
30, 1876, theappropriation made by the Congress of the United 
States for the navy of the Republic was 17,001,006 dols. 
The correspondi appropriation for the year ending 
June 30, 1877, is 12,740,355 dols. It will be seen that 


| Government is largely reducing its naval expenditure. 


| 
| 
| 
| 
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| 














| . . : 
this country with great advantage, and, in fact, I have 
\ found that Ye will beat any other practical construction in 
every respect. There has been much said about safety 


Parent OrFicz PusiicaTions.—Last week we referred 
to the unsatisfactory state of affairs as ag the print- 
ing and publication of specifications. The latest phase of 
the muddle in which the department has become involved 
seems to be the binding of printed s cations without 
the Ganingn bee i i : ~ = in fact —_- 
drawings are ; e other day having occasion 
a printed ssediegion long overdue, we sent to the Patent 
Office sale room for it. The specification was in due course 
handed to our representative, and by him taken away, but 
on looking into it he found that whereas the body of the 
specification contained a reference to drawings no illustra- 


| tions were to be found in the book. The price on Ge 
| cover was 4d. only, a price presumably conformable wit 
| the absence of drawings. On these facts being pointed 
| it was t oad 
| representative was told that the drawings would no’ 


| 


ready for about a fortnight, at the same time he was not 


out 
admitted that there had been a mistake, and our 


rmitted to retain the specification without the drawings, 
but the purchase money was returned to him. Hence og 
have the extreme felicity of wale seater fortnight, 
Let us hope we shall not have to wait longer. 








Spr. 8, 1876.) 
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TELEGRAPHIC NOTES. 

Tue Eastern Telegraph Company lately issued a pro- 
spectus stating they were prepared to receive subscriptions 
at par for the unallotted portion of 700,000/. Six per Cent. 
First Preference Share Capital. The money was required 
for the duplication of the company’s Red Sea and Indian 
Ocean cables between Suez, Aden, and Bombay, for which 
a contract had been made with the Telegraph Construction 
and Maintenance Company. 

The cable for the Suez-Aden section and a portion of 
the shore ends of the Aden-Bombay section will leave the 
Thames about the middle of September in the steamships 
Kangaroo, Seine, and Hibernia, belonging to the Telegraph 
Construction Company. The length of cable for the Suez- 
Aden section is 1514 nautical miles, and for the Aden- 
Bombay 1984 nautical miles. The deep-sea portion of the 
cable is of a type similar to that of the cable recently laid 
between Australia and New Zealand. The sheathing in 
this type is composed of strands of Manilla hemp and single 
homogeneous iron wires laid alternately round the-served 
core and has a further serving of hemp and asphalte. This 
pattern is naturally cheaper than either the “ Atlantic” 
pattern—where each wire is separately served with hemp, 
involving great expense in manufacture—or the type known 
as the “Mediterranean” type, where the core is entirely 
surrounded by iron wires touching one another, and thus 
containing more iron. It is said to pay out easily, having a 
low specific gravity anda good tensile strength ; but the 
question remains as to how the wires will remain in their 
relative places when being repaired after the cable has been 
down for some years and the hemp has become decayed. 
It does not evidently offer so good a protection against in- 
sects and other mechanical injuries to which cables are liable 
as the Mediterranean type. 

The Eastern Extension Company’s cable between Java 
and Australia has been repaired, but the Madras-Penang 
section still remains broken. This company some time 
ago decided to lay acable from Penang to Rangoon. The 
cable for this purpose will be 869 miles in length, and its 
manufacture was commenced by the Telegraph Construction 
Company on the 14th of August, and it is to be laid by the 
28th of February, 1877. 

The repairing ship Hawk, belonging to the Eastern Tele- 
graph Company, was proceeding, some weeks ago, to the 
Mediterranean to repair the Bonah and Malta cable, when 
she ran ashore and was wrecked off Tarifa. The cable and 
stores were saved and the French Government telegraph 
repairing ship Charente was lent by the French Govern- 
ment and repaired the cable, which had been cut in two.|§ 

The ss. Dacia, belonging to the India-~Rubber, Gutta- 
Percha, and Telegraph Works Company, with the cable for 
laying between Caldera and Valparaiso, arrived at the latter 
port on the 13th of August. 








SAFETY VALVE CONSTRUCTION. 
To THE EDITOR OF ENGINEERING. 

Srr,—The fatal consequences arising from the explosion 
on board the Thunderer may in some degree prevent 
similar disasters in the future, by plainly bringing under 
public notice errors in the construction of safety valves, 
and through the medium of your paper be the means of 
disseminating a system of design and construction based 
on some other knowledge than the mere copying of the 
practice of others. 

My last letter on this subject described the tendency of 
three-wing valves to move off the true centre of the seat. 
Some of 7 readers may suggest conical faces on the 
valve and its seat as a remedy to keep the valve in its 

roper place. At first sight this may seem an advantage, 

t I will endeavour to show that a new set of difficulties 
appear into view with the altered circumstances. The 
annexed sketch illustrates the lower part of a dead weighted 
lock-up safety valve, designed with a due regard to the im- 
portance of conical narrow bearing surfaces on the valve 
and seat. So long as the ship is upright and the valve at 
rest it is all right, but whenever you consider the vessel 
listed to one side and the steam rushing from the waste 
Pipe, it will at once appear evident that it is not an im- 
provement after all. 

, Referring to the sketch you will observe the valve box 
listed over as at sea and the valve raised from its seat, the 
valve has got into a position very hostile to the interest of 
the shipowner, the valve has got hold of the lip of the seat, 
and so long as the ship remains listed over the valve cannot 
seat itself, without as it were sheering the valve seat and 
destroying it. 

Again, the waste steam orifice W being only at one side 
of the valve box, has a tendency to push the load and valve 
in the direction of the escape orifice (see sketch) when the 
valve is in operation. There being a greater pressure at A 
than at B this reduction of pressure acting over the area of 

weights on one side is sometimes sufficient to bend the 
valve spindle and stick the valve. This view will be best 
understood by those who have studied the reduction of 
pressure which takes place near an escape orifice. The 
position of the orifice W in relation to the load has also a 
tendency to prevent the valve from lifting. 
ast marine engineers have been unable to discover 
cause of leaky valves, but have devised means to prevent 
leakage which I will describe. A cock or stop valve is 
fitted to one boiler, or jon the main steam pipe, made to 
te wed the sea No ~~ a waste pipe; this cock or 
is used inst e easing connecting the 
safety valves. This is all very well onl a shipowner’s 
point of view, but such practice is calculated to 
the safety valves to become i tive masses of dead 


F 


waste steam orifice W is about 40 per cent. less area than 
the valve. This is a very common but no Se 
practice. As the valve rises from its seat, the pres- 
sure accumulates just in the same manner as a rigid steel 
spring increases the load. Had the Board of exer- 
cised one-half the vigilance 

spring loading as they have in re 
ing, they would not have remain 
slough of technical uncertainties. 


ot a ee 
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I may mention that safety valves loaded with this kind 


as steel 


of steam spring do not suit the same p' 
e require no 


spring loading. Steel spring valves as a 
wings ; the waste steam pipe can be made very large, and 
thus prevent the steam spring from coming into operation. 
A large pipe has another advantage, the noise becomes less 
when the valve is blowing off. “ 

y 


Yours res 
EORGE COCKBURN, 








THE ORIGIN OF MOTION. 
To THE EpIToR oF ENGINEERING. 

Srr,—In your number of September 1st is a letter by 
Mr. John Imray to which I would say a few words in reply, 
not by way of controversy but by way of argument. The 
main drift of the reasoning in the letter implies, that if on 
abandoning the theory of ‘‘action at a distance” we en- 
counter certain difficulties, that we are thereby justified in 
holding to this theory. This is the ent one constantly 
finds resorted to by those who support the theory of “ action 
at a distance,”’ and yet (I would submit it to an impartial 
judgment) could anything be more specious? It simply 
amounts to rushing into one difficulty to escape another. 
Surely if a difficulty presents itself, the proper course is to 
endeavour toexplain it, not to resort to a theory which 
being in itself inexplicable must for ever stamp the case as 
an insoluble difficulty and prejudice all future attempts to 
give a rational insight into the case. Indeed it must be 
clear that to apply this theory to a physical effect is simply to 
assume that the mode by which the effect is brought about is 
incapable of a rational appreciation. We may expect certain 
difficulties to exist so long aswe have no exact knowledge of 
the ultimate constitution or structure of the particles and 
molecules of matter, and itisjvery certain that the abandon- 
ment of the theory of “‘ action at a distance” is the in- 
dispensable condition to solve this problem, for a theory 
which would assume a molecule of matter to be a ‘‘ centre 
of force’ would for ever preclude all practical knowledge of 
its ultimate structure. 

Your correspondent cites the case of the encounter of two 
ultimate particles of matter (supposed perfectly rigid) one 
of which in motion strikes against the other at rest and 
gives up its motion to it, and your correspondent considers 
that an infinite amount of force must be expended by one 
particle in developing the motion in the other particle, 
because the time taken in developing the motion is indefi- 
nitely small, and that this involves an impossibility, 
because the force contained in the —k (ex- 
pressed by mass and square velocity) is finite. Now “‘ force’’ 
in this sense evidently means ‘‘ energy.’’ The ene 
— in developing a given velocity is, however, i — 

ent of the time taken in developing it, no matter how short 
it may be. The colliding particle in developing an equal 
velocity in the particle struck therefore simply ex- 
pends its own energy and nothing more. I think your 
correspondent will see that this is the case on recon- 
sidering the question. It may also be observed that there 
is no actual creation or annihilation of energy in the en- 
counter, but the energy remains constant throughout the 
whole time. None the less I freely admit that there are 
certain points which are not quite satisfactory in the theory 
of perfectly rigid particles, and would, therefore, on no 
account be understood to such a theory as an indis- 
pensable one, and have carefully avoided putting forward 
any theory as to the ultimate structure of the particles and 
a oe en ae = =f de question = 
essen a actions. One appears no’ 
be kept sufficiently in view, viz., that as established 
fact a molecule of matter is indestructible, and this 
is the essential fact for practical deductions. it 
is may be a minor question. In view of this fact, therefore, 
if we assume the matter forming the molecule to be at rest, 
there is no other possible conclusion than it is ‘ectly 
rigid, as assumed by Lucretius. We are not, however, 
bound to assume the matter forming lecule to be at 


ex- 


the mo 





A inopera: 
. » Teferring to the sketch you will observe the 


cently shown how indestructibility may be conferred by 
motion. Since I have ar | given a sketch of this 
a in a new article, I will not dwell upon it here, as 
possibly also your correspondent may have seen an account 
of it. y no work would have been done in this 
direction if ‘‘ action at a distance’’ had been blindly held to. 

It may be observed that all the t facts of science 
have been established without a know of the structure 
of the molecule, the essential fact to know being that a 
mol is as portion of matter of definite constant 
mass and unalterable vibrating period, and that by all the 
actions and movements of molecules among themselves 
they are indestructible, i.e., the quantity of matter con- 
tained in the molecule cannot be altered. These facts 
already established are all that are for practical 
deductions. So we do not want to wait to know the struc- 
ture of the ether particle before proceeding to reason upon 
the great ses of the ether innature. If before reason- 
ing upon the dynamics of visible matter, it had been thought 
necessary to wait until the structure of the meloedias 
forming it was known, we. might have had to wait a long 


time before progress was made. 

As conmneal with the main subject of this letter, I would 
allude to a in a former letter of your correspondent 
Mr, Patard os ousted from the North British Review, in 
which the writer considers that in the case of the encounter 
of two bemoan rigid) icles of matter moving with 
equal velocities in ape directions, there must be a 
stoppage of the particles and a consequent loss of vis viva. 
Now without being understood thereby to defend the theory 
of Lucretius, I would submit the following as the only pos- 
sible just view of the case. If it took time to change the 
direction of the motion, it would be necessary to admit 
that the vis viva wasannihilated. But it must be a physical 
impossibility for it to take time simply to change the direc- 
tion of motion, for time is only required when space is 
traversed. Now since (by hypothesis) the two particles 
are perfectly rigid and unyielding, no space can poy be 
traversed in the act of changing the direction of the motion, 
and, therefore, no time can possibly be required in such 
act, and, therefore, for no time can the vis viva be ihi- 
_— Such I submit is the only possible logical view of 
the case. 

In conclusion I would just allude to the letter of Mr. 
Sheward in your issue of September 1, and I may - that 
my main object in quoting Newton’s opinion on ‘‘ action at 
a distance’ was not in any way to interfere with the 

rinciple of each one using his own reason on any subject, 
but rather to encourage this, and to point to the circum- 
stance that the discoverer of the fact of gravitation took 
care not to arrogate to himself the discovery of the cause. 
As soon, however, as Newton had discovered the remark- 
able fact that two masses of matter situated at a distance 
tended to move towards each other, and that when placed 
at different distances, the energy of the movement was 
ted in the complex ratio of the square of the distance 
of the two masses; others assumed therewith that the 
cause of this remarkable fact was discovered, or that 
no investigation was n to obtain an insight into the 
cause, and built thereupon a theory that masses and mole- 
cules of matter had a capricious way of acting upon each 
other, ‘‘a ing,’ ‘‘repelling,’’ as the square or any 
other complicated ratio of the distance (the action even 
alternating at different distances), without the necessity 
for realisable physical conditions to regulate the com- 
plex effect in each case. 
As to the question asked by your correspondent at the 
end of his letter, Iam not quite clear as to its meaning, 
but if he will express this more at length I will endeavour 
to answerit, I may add that it is only those who esnger’ 
** action at adistance’’ who assume that a mechanical effect 
can be produced at any distance however great without time. 
Tue WRITER OF THE ARTICLES, 








REILLY’S WATER CASING FOR BOILERS. 
To rue EpiTor oF ENGINEERING. 

Sr, —In Mr. T. Baldwin’s letter published in your number 
for Aug. 25, giving an account of some tests of evaporations 
with Reilly’s patent water heater connected with a steam 
boiler, he says, “‘ Mr. Evans, of the Boiler Insurance Com- 
pany, checked all the weights, quantities, and temperatures, 
and I am satisfied that all these may be relied on, having 
checked and observed a considerable number of them myself 
on both days.” 

This pros if allowed to s unchallenged, would 
probably lead some of your ers to believe that I was 
equally satisfied with the manner in which these experi- 
ments were conducted, and am prepared to vouch for the 

of the results as detailed by Mr. Baldwin, but 
this is not the case. 
In making such tests myself, the course I have usually 
adopted has been to place the vessel in which the water 
was measured a few feet above the boiler, and allow the 
water to flow into it by its own gravity, the steam escapin 
freely at atmospheric pressure, but in the tests descri 
by Mr. Baldwin, the water, after being measured, was 
forced into the heater or casing by means of a donkey pum 
through a range of pipes placed underground with branc 
pipes ing to different parts of the works having valves 
or taps to close the communication. 
In the course of the first day’s test I found the valve of 
one of these branch pipes open, allowing some of the water 
from the donkey pump to flow in another direction without 
ever entering the boiler. 
Whether or not there may have been any other outlet or 
any escape from defective joints I am unable to say, but 
after closing this valve the rate of evaporation was 
materially reduced, and I think it will be generally admitted 
that tests carried out under such circumstances are not to 
be relied upon. i 
I remain yours respectfully, 

ICHOLAS EvANs. 





rest, and Helmholtz and Sir William Thomson ,have re- 
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67, King-street, Manchester, August 28, 1876. 
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RAILWAY BRAKES. 

. ment THE EprTror ova yosye Pe 
TR, — insensibility w so long prevailed 
England on the subject of railway brakes, is very surpris- 
ing. We embark ina train Which ‘rashes along with us at 
the rate of 50 miles an hour. rs of many kinds at- 
tend our progress. Broken axles, ken wheels, goods 
trains crossing the rails in frontof us, create a most urgent 
necessity that our driver should have the power of stopping 
within the shortest J ay distance. Many times the 
lives of passengers a on the train being brought 
quickly to a stand. But we have not provided for this con- 
Our care has been that we may travel — ; 


not that we may shun great by stoppi prompt 
We provide our driver with wothing weace able than the 
wer to stop within about three-quarters of a mile from 
he point where he discovers that ruin lies before him. 

In so far as the prevention of accident is concerned, we 
should be nearly as well off ifjour trains had no brakes at all. 
Railway dangers seldom reveal themselves at a distance of 
three-quarters of a mile. Within a distance greatly less 
than this, the train is ordinarily piled up in ruins ide 
the obstacle which has come in its way. o-thirds of our 
railway accidents would be avoided if the driver had power 
to stop within the shortest distance in which it is possible 
to stop. Had this power been given when it ought, a 
majority of those who have perished in railway accidents 
would have been alive to-day. But the public submit to 
the annual slaughter as if it were inevitable. Railway 
directors meet the oft-recu: disaster in the same spirit ; 
allude to itjin their reports"with becoming resignation ; and 
settle the heavy claims for damages, meekly or otherwise, 
as if it were a tax im upon their earnings by the re- 
lentless and irreversible Fates themselves. 

All this is utterly unworthy of us. Railway accidents 
can be reduced toa minimum by somes f arming the driver 
with the power of stopping promptly. An ordinary express 
train ronning at 50 miles an hour delivers a blow when 
it strikes equal in force to that of the bolt discharged from 
the 8l-ton gun. Timid, high-born ladies, sedate elderly 
gentlemen travel by such trains, apparently not caring that 
the terrible power which has been evoked is wholly without 
proper control. It is a reckless and indefensible endanger- 
ing of human life. It is a wild and gambler-like reliance on 
the chapter of accidents. 

It is inexcusable because it is utterly unnecessary. For 
it is ible and easy to establish perfect control over these 
rus trains, whose swiftness so often hurries us to de- 
struction. Nearly all American railways have done it; 
many of them have done it years ago. The Westinghouse 
continuous air brake gives power to stop in as short a dis- 
tance as it is possible to do so without danger to the train 
itself. In America its value is so thoroughly recognised 
that railways give habitually in their advertisements the 
assurance that all their cars are fitted with the Westing- 
house brake. Trains not so fitted would be sparingly 
patronised by American travellers. American drivers 
undertake reluctantly the chariot trains which are not 
provided with the air brake. argue that the train is 
not safe for SS or for drivers, and that it is a 
wrong thing to subject people to such risks. 

The Midland Company—which usually takes the lead in 
the march of improvement—is fitting its trains with the 
Westinghouse brake. I am told that the drivers, knowing 
well the dangers which the brake averts, are eager to be 
employed on engines so fitted. Several other lines, as I am 
informed, are fitting their carriages with this brake. It is 
not too soon. Public opinion is Lesage | roused on this 
question. Men who travel much begin to feel that they are 
entitled to every security against sudden death or mutila- 
tion which it is ible to provide. We are not to submit 
much longer to the sacrifice of life which a precaution in- 
expensive, easily applied, and fully approved by the ex- 
perience of years, is able to prevent. 

I am, Sir, your obedient servant, 
Ons WHo Is OFTEN ON THE RaILs. 

September 2, 1876. 





THE EXPLOSION ON BOARD H.M:S. 
THUNDERER. 
Report of the Principal Engineer Surveyor. 

In consequence of a request made by Messrs. Humphrys, 
Tennant, and Co. to the Committee of Lloyd’s Register, 
that I should form one of the Committee of Experts to in- 
vestigate the cause of the explosion of one of the boilers of 
this vessel, I received instructions from the secretary to 
accom the various gentlemen deputed by the coroner, 
the Admiralty, and the manufacturers, to inquire into the 
cause of this accident. 


y: 

turret ship, built at 
engines, which are constructed 
horse power, were made 
. They receive thir steam from nine 
"Seal in Hor Majenye Nee @} on “e —_ 
od in Her y's Navy boilers ‘ur- 
naces in all. They are in a fore and aft direction 
on each side of the vessel, and are sitnated in two stokeholes, 
there being four boilers in the after stokehole, and five in 
the forward one. The boilers are all connected to the 
main steam pipes by screw down stop valves, situated on 
the tops of the boilers, and so arranged that each can be 
shut off from the others at will. Each boiler is also fitted 
with a smaller stop valve connecting it to a system of steam 
ee ae ee = oe can penetra 
ing steam numerous auxiliary engines for 

various services in all of dhe vessel. diva 
Properly steam water gauges, cocks, 
blow-off cocks, and other pee! ane are fitted to 
= together with a number of safety 
ives. 


These safety valves are enclosed in cast-iron chests 





bolted on the fronts of the boilers, and have internal pipes 
wpe sn Gitedce that the steam is taken from the highest 
) , 
The valves themselves are made on the ordinary direct 
ighted principle, with solid spindles, and ee 
the bottom by three feathers working in ‘the valve seats. 
Each valve is loaded to a working pressure of 30 Ib. 
nare inch. They are. such as are generally fitted in 
Majesty's Navy, and have nothing novel about their con- 
struction. 

The steam gauges are on the ordinary Bourdon principle, 
graduated to 35 lb. per square inch, and are fixed in con- 
spicuous places on the fronts of the boilers. 

It appears the vessel was tried under steam several times 
at Pembroke, afterwards was steamed round to Portsmouth 
in charge of the Admiralty officials, and has subsequently 
been under steam on several occasions. 

On the 14th‘July it was arranged to make the official trial. 
The vessel lay at Spithead, fires were lighted at 10 o’clock, 
steam was slowly raised in all the boilers, and about 1 o’clock 
the engines were started for a preparatory run before going 
on the measured mile full power trial. 

In about eight or ten minutes afterwards the foremost 
starboard boiler in the after stokehole exploded. The vessel 
was towed into Porsmouth harbour and the stokeholes were 
strictly guarded until the official inspection took place. I 
was present at the first inspection and have been present 
at all subsequent examinations. 

On examining the exploded boiler it was found that 
almost the whole of the front plates above the smokebox 
doors had been forced away, and lay, together with the 
smokebox doors and other is, i 
stokehole floors. The plates themselves were torn through 
the first seam of rivets above the smokeboxes for alinest the 
whole length of the boiler, ing in a diagonal direction 
through ihe solid plate at the manhole, and again tearing 
through the seams of rivets connecting them with the crown 
and other parts of the shell. The front of the uptake was 
bulged, torn, and driven back against the back plates. 
The plates were drawn over the stays supporting these flat 
surfaces. The T-iron fastenings to the stays above the 
uptake plates were sheared through the pinholes. The top 
of the boiler immediately over the uptake was up- 
wards. The sides of the smokeboxes below the ruptured 
parts, together with the flat surfaces in the combustion 
chambers, and two of the furnace crowns were b 
between the stays. Altogether the boiler showed decided 
symptoms of having been subjected to excessive pressure. 

There were no signs of shortness of water. 

The workmanship ap to be. of the best description, 
and from the proof mark on the front of the boiler, it had 
been tested in November, 1870, by hydraulic pressure to 
60 lb. per square inch. 

Both stop valves on this boiler were found to be shut, and 
the steam gauge was pony y pay as 

Tht safety valve chest on the stokehole plates in 
exactly the position it had fallen. It contained two valves, 
each 3 in. in diameter, one of which could be lifted by 
means of a screw beneath it, while the other is enclosed and 
entirely out of the control of the engineer. The over 
the spindle of the hand lifting {valve was carried away 
and the top of the spindle broken off. 

The stop valves being closed, it was evident that none of 
the steam generated in this boiler, from the time the fires 
were lighted to the time of the by cenge = could have gone 
to the engines. It must therefore have been accumulati 
pressure in the boiler all that time or escaping by the safet, 
valves. The safety valves were stated to have loaded 
to 30Ib. per square inch, and the pressure gauge was said 
to have been observed out of order more than an hour before 
the explosion 6 

It was considered very important to make a minute 
examination of the remains of the safety valves, to see if 
there was any evidence of their being jammed or otherwise 
not in working order. The chest was opened in the 
presence of all the inspectors, and there were no such things 
as wedges, stops, or other means for jamming the valves 
found. Both valve spindles were found broken and bent, 
the valves were perfectly free in their seats, but the feathers 
of these valves were battered and distorted in such a manner 
as to destroy all evidence of their condition at the time of 
the explosion. 
wif the safety valves were not jammed or set fast the 
boiler must have exploded owing to structural weakness ; 
and in order to ascertain as far as ible whether it could 
have arisen from this cause, the whole of the other boilers, 
with the exception of one small boiler in the forward stoke- 
hole, were tested by hydraulic pressure to from 60 lb. to 
65 Ib. per — inch. They were quite tight, and after 
being carefully gauged before, during, and after the test, 
they showed no signs of w e 

trips of plate were cut from the ruptured parts, and 
tested by the testing machine in the doc . Theiron 
was found to be above the average stre of iron used in 
boiler making, the mean results of these experiments show- 
ing that it would stand a tensile stress of 21 tons per square 
inch of section. 

As a guide to the pressure which this boiler was capable 
of bearing, a chamber was constructed. to represent to some 
extent the part of the boiler which gave way. From its 
form it did not, in my opinion, give exact information on 
that point, seeing that the side plates of the uptake, which 
very materially add to the strength, were omitted, and con- 
sequently the whole strength of the structure was reduced. 
It was burst at various pressures four or five dif- 
ferent conditions, and although it did not exactly represent 
the exploded of the boiler, the results of these experi- 
ments show t with certainty that the pressure within 
the boiler at the moment of could not have been 
less than 100 lb. per square inch. 

The whole question of the cause of this 
fore centres itself upon the condition of the 
the time of the ion, and as they are so 
the accident as to make it impossible from their appearance 


ion there- 
ety valves at 


bris, in a distorted mass on the | get 
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i ination was made, and they were 
to be loaded to. about 30 Ib. per square inch. 
were free to move, and to all appearaprce were in a workable 
condition. 

The feathers of safety valves made on this principle require 
to be an easy fit in their seats; if too the rolling of 
——_ = — on their —— —— — 

. In this case they appeared to bea g —— ti, 
and it was suggested to try them under steam. One of the 
valve chests containing sopenting: attached 
to a land boiler in the dockyard. It was f + when 
steam was raised, one of the valves, although loaded to 
only 30 1b. per square inch and quite free when cold, did 
not lift until the pressure reached 52]Ib. ‘ 
but after blowing a short time and unif y heating 
the cast-iron chest it rose and fell at about the -working 


pressure. 

This conclusively proved that the expansion of the 
feathers of the brass valve was sufficient to make them 
grip or set fast, when fitted so close as. this valve was fitted. 

though this single valve did stick under this trial, the 
whole of the others were tried afterw under similar 
conditions and were perfectly free; the experiment there- 
fore affords no certain evidence of the exact condition of 
the safety valves on the exploded boiler at the time of the 
explosion. But as there can be little doubt of their in- 
operativeness, it can be inferred that had they been a little 
tighter than the valve that was tried and found to stack, or 
if they had been neglected and scale or dirt allowed to 

between the working surfaces, the expansion of the 
Zales would ww ane ee or set +~* ood 

e accum until it overcame the s 
of the boiler. 

The facts of the case may be summarised as follows : 

I. The stop valves were shut, so that the steam generated 
in the boiler could not escape to the engines. 

2. The steam gauge was discarded, as being out of order, 
and therefore it did not make known any abnormal pressure 
in the boiler. 

3. The fires were burning briskly, and therefore the pres- 
sure must have been rapidly —— in the boiler. 

4. The boiler presents unmistakable symptoms that it 
burst from excessive pressure, and not from: faulty con- 
struction. 

Under these circumstances, I am of opinion that the 
safety valves of the boiler in question at the time of the ex- 
plosion were set fast in their seats, and that the cause of the 
explosion was excessive pressure, owing to the stop valves 
ee and there being no outlet for the steam which 
the were generating. 

Having, therefore, arrived at this conclusion, I think it 
jo Boe | to —_ the necessity of the greatest care being 

en (1) in the designing of safety valves, and (2) in 
the absolutely necessity of their being frequently examined. 
There ought to be a certain means of preventing any increase 
of pressure beyond the stipulated amount. . 

ince this explosion I have carefully considered this 
subject, and with a view to reducing the chances of safety 
valves Fema or otherwise being inoperative I would 
suggest : , 

1. That the valve with a central guiding spindle is less 
some to set fast by unequal expansion than a feather guided 
valve. 

2. That the spindles which ae the weights of these 
valves should be detached from the valves themselves, or 
that a guide should be fitted between the valve and the 
weights, so that any inclination of the weights caused by 
the motion of the vessel should not tend to cant the valves 
"3, "esing gear should be fitted to all the valves, and 

. sho e valves, an 
to lift the valves themselves. 

4. That all safety valve spi should extend through 
the covers, and be fitted with sockets and cross handles so 

that it would be impossible to add any extra 
weight or to control their action, but at the same time 
allowing them to be lifted and turned round on their seats, 
and their efficiency tested by the engineer at any time, 
whether the steam is up or not. 

I would, in conclusion, add that loading safety valves 


for marine purposes by means of dead weights is now in 
the merchant service alasah entirely aupereoaed by springs. 
WILLIAM PaRKER, 
Chief Engineer Surveyor to igre See of Shipping. 
0’ 





Lloyd’s Register of British and Shipping, 
2, White Lion Court, Cornhill, Ealek 
August 16, 1876. 
THE EXPLOSION ON BOARD H.MS. 
THUNDERER 

Report by Mz. Lavineron E. Fuercusr, Chief Engineer 
of the Manchester Steam Users’ Association, to the Hants 
oroner, on the Steam Boiler Explosion that took ng 
on Board Her Majesty’s Twin Screw Turret Ship 

Thunderer, on Friday, July 14, 1876.* 

(Conel from page 188.) 

Suc a rupture as the one under consideration could only 
occur from two causes, viz., weakness of the boiler, or 
excessive ure of steam. Explosions are frequently 
produced by either one of these causes acting ane and 
sometimes the two acting in combination. e may 
now consider both these causes, and see firstly whether the 
boiler burst from weakness, structural, or vise ; and, 
secondly, whether it burst from the steam raised 
above the ordinary working point, or in other words, from 
undue, or excessive pressure. 

* Owing to Mr. Fletcher sitting with the coroner a5 
assessor this report was for the coroner’s guidance 


clone and was not read. ai, the inquest, copies of beng 
in the hands of the jury after their verdict 
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Firstly : Did the boiler burst from weakness? This was 
a question which at once serious attention. The 
plates were examined to see if they were wasted by corro- 
sion, but such was not found to be-the case to any appre- 
ciable extent. The workmanship of the boilers throughout 
was found to be first class. order to ascertain the 
quality of the plates, it was thought well to have them 
tested by pulling them asunder in a testing machine. For 
this purpose eight strips were cut from the plates, 
four from the outer shell of the boiler, and four from the 
uptake ; two of the four in each case being taken horizon- 
tally, and two vertically, so as to test the 
the grain and across the grain. The results of these tests 
were as follows : 

Outer Casing.—Mean breaking strain: With the grain, 
22.39 tons. Across the grain 20.61 tons. 

Uptake.—Mean breaking strain: With the grain, 21.25 
tons. Across the grain, 20.25 tons. 

These results are somewhat higher than the Admiralty 
standard, which is for best best Staffordshire plates, 
21 tons with the grain, and 18 tons across, so that the 
quality of the material as far as tested was satisfactory. 

To further test the fitness of the boilers for a daily 
working pressure of 30 1b. on the square inch, it was —_ 
well to submit them to an hydraulic test of 60 Ib. or 65 \b., 
so as to press them to double their ordinary working pres- 
sure. ‘The whole of the seven boilers were tested in this 
way. This was a somewhat laborious proceeding an 
occupied considerable time, as all the outlets had to be 
carefully closed so as to withstand the pressure, all the 
dead weights from the safety valves removed, the valves 
taken out of their seats, cleaned and then wedged down, so 
as to allow the pressure to be maintained. At the same 
time the opportunity was taken of carefully examining the 
condition of the safety valves, to which further reference 
will be made hereafter. Tedious as this operation was, it 
was thought that it was of sufficient importance to justify 
the time it occupied. The explosion had naturally prompted 
the question whether there was any structural weakness in 
the uptakes of the other boilers, and whether they were 
liable to a similar disaster. It was thought that this 
question on every ground should be set at rest, and that an 
hydraulic test would assist in doing so, and therefore it was 
applied to the entire series. In making the hydraulic 
tests care was taken to see whether any change of form 
took place. ‘‘ Blind” hydraulic tests, that is to say tests 
without gaugings, are highly undesirable. Before, there- 
fore, the pressure was put on, the boilers were carefully 
gauged above the smokebox doors both along the front of 
the shell outside, and the front of the uptake inside, just 
where the boiler that burst gave way. Also, they were 
carefully gauged when under pressure to see whether any 


bulging had taken place, and then gauged a third time 
after the pressure was removed to see if any ent set 
remained. These gaugi showed that the ing inside 


the uptake was greater than that in the outer shell. The 
greatest amount of bulging was about , in. in the uptake 
and ys in. full in the outer shell. In one boiler there 
was a permanent set inside the uptake of ys in, but 
otherwise there was no permanent set whatever. Also 
two of the furnaces were gauged, one vertically and 
horizontally, the other vertically only. The greatest 
bulging was ysin. in each case, and no ent set re- 
mained. These results were quite satisfactory so far as 
regards the outer shell and furnaces, but the bulging in the 
uptake was more than is desirable, more especially since 
the stays at that part are pitched rather far apart. The 
flat surface forming the yg measuring from the line of 
rivets at the bottom to the line of rivets at the top, is, as 
nearly as may be, 4ft. 4in., and this is strengthened by 
two horizontal rows of bolt stays. The stays are pitched 
15$in. apart vertically and 15}in. horizontally, while the 
distance from the Sy row of stays to the upper line of 
rivets is 20} in., and from the lower row of stays to the 
bottom row of rivets 17}in. The stays which were 1} in. 
in diameter at the base of the thread were screwed through 
both plates, and had a head or a nut on the outside of the 
boiler, but were only rivetted over inside the uptake. 
Had they been nutted inside the uptake they would have 
had a much better hold upon the plate. 

Seeing that these stays had all pulled through the plate 
of the uptake it was urged by Mr. Phillips that it would be 
very desirable to make an experimental flat chamber aad 
submit it to hydraulic pressure to see at what pressure the 
stays without nuts would be drawn through the plate. This 
chamber was therefore made, and measured from out to out 
8 ft. 6in. long by 4ft. Sin. high. It was stayed with 
screwed stays passed through the two sides in the same 
way that the uptake had been stayed in the boiler that 
burst. It hada manhole placed in it at one end near the 
top, in the same position that the manhole occupied in the 
boiler under consideration, and strengthened in the same 
way with substantial T-iron ribs on each side. This 
chamber was then submitted to several hydraulic bursting 
— from which some interesting results were obtained, 

areful gaugings of the bulgings were taken, but with 
these I will not trouble you, confining myself to a state- 
ment of the general results. These experiments showed 
the great advantage of ing the stays with nuts, and 
not simply by rivetti the heads over. en none of the 
stays were natted at the side representing the uptake, one 
of them pulled through at a pressure of 95 Ib. en four 
of the stays were strengthened with nuts and four left 
simply with rivetted heads, another pulled through at a 
pressure of 105 Ib, When six of the stays were hened 
with nuts and only two left without them, the chamber 
gave way at another part through the failure of a T iron 
at a pressure of 135 Ib., the stay pin bursting out the rib 
of the T iron. On the T iron being repaired the ber 


ti 
burst by the through of another 
of 158 th "When ait a stays “tea the 
stood a pressure of 165 Ib. 


did not give way at the bolt 


tes both with | and 


d | plates by the 





to either. 1 the 
entpaine pees ene ow 
would appear bulging o plate stretches. 
the hole through which the stay screwed, till Gest 
one thread, then another, and 
leased, when the stay becomes 
Whether the head of the stay, which 
ane contains but little body o' 
ue as regards direct strengt 
tion. The annular overhang of the h 
by the bulging that it cracks through. 
round, before the threads have relinquished 
wisch thet the Palsing of ae vintos has upon the hold 
ing at the upon b 
of the stay will eee me = understood by an examina- 
tion of the actual bolts which pulled ugh the plates of 
the a flat stayed chamber I am prepared 
to la; ore the jury, as well as other stay. bolts. which 
Mr. Newman has been kind egy ope a of the 
burst boiler at my request. examination of these 
specimens will clearly show the great value-of the nuts, 
and the great er there is, when: the heads: are simply 
rivetted over, of the stays being — right through the 
ment of the he 
of the plates, which robs the thread of its grip. Bulging, 
therefore, in flat unstayed surfaces is evidently a great 
source of weakness, not that it distresses the plate, but 
that it distresses its attachment to the stay. ; 
Finding this to be the case, it was thought to be desirable 
to investigate this subject still further. The plates of the 
uptakes in marine boilers are to 'a great extent above the 
water line, so that they have ee: jsteam on one side of 
them, while the hot gases play on the jother. As steam is 
a bad conductor of heat, it would seem more than probable 
that the plate becomes overheated, more especially as in the 
narrow steam space at the front of the combustion chamber, 
but little circulation can take place. Mr. Oliver, Chief In. 
spector of Machinery Afloat, states that he has found the 
gases at the base of the funnel to reach as high. a tempera- 
ture as 1200 deg., so that it would appear that considerable 
overheating may sometimes take . Although this 
overheating may not be sufficient to seriously diminish the 
tensile strength of plates, it may yet tend to soften them 
and lead to their bulging, which, as already shown, is a 
great source of weakness with flat surfaces strengthened 
with bolt stays, not secured with nuts. At Mr. Bramwell’s 
suggestion, yer ma a number of strips of iron were pre- 
, @ little more than 2 ft. long, 1 in. in width, and ¥s in. 
in thickness. These were first tested cold, to see theit de- 
flection when carried on two points, 24 in. apart, and loaded 
with a given weight in the middle, after which they were 
immersed in a_bath of molten lead, and then tested hot in 
the same a they had been tested when cold. Inevery 
experiment the deflection with the hot bars was found very 
much to exceed that with the cold, so that it would seem 
fair to assume that if the plates of the uptakes in marine 
boilers become overheated, as 


viously stated, they would 
be more liable to than hefore, and thus more liable 
to slip off the threads of the stay bolts, if not secured with 


: 


nuts. On ma uiries, however, I have been informed 
that no difficulty has experienced with the overheating 
of uptake plates. Still I venture to call attention to this 
subject as worthy of further investigation, lest we should 
be trenching on our margin of safety further than we are 
aware of. It must be remembered that overheating is more 
likely to take place in the uptake when running on the 
measured mile, with the fires heavily pressed, than in 
months of ordinary service. 

Consideration of the strength of the flat stayed surface 
of the uptake led to the conclusion that there was not that 
margin of safety in that part of the boiler that had been 
supposed. It is usual in marine boilers to have a factor of 

ety of 6, but in the uptake so high a factor certainl, 
does not exist. Mr. Wright, Chief ‘Engineer to the Ad- 
miralty, has wisely determined to put in additional stays in 
the uptakes of all the boilers on board the Thunderer before 
they are set to work again, and also to strengthen the stays 
by the addition of nuts. 

While, however, the front plate of the uptake had not 
that margin of strength which it is advisable it should have 
had, and to the lack of which it is desirable to call attention 
in order that a like defect may be avoided in future con- 
structions, it is not considered that the weakness was 
sufficient to lead to the boiler giving way at the ordinary 
working pressure, so that to arrive at the cause of the ex- 
plosion we must turn to the second branch of the inquiry. 

Secondly : Did the boiler burst from excessive pressure of 
steam? There are on the top of the boiler as already stated, 
two outlets, one leading to the main steam pipe, the other to 
the auxiliary. Attention was directed to these outlets to see 
tae artes fy mm w in both cases the stop valves were 
fi closed down tightly on their seat so that no steam 
could escape. I am informed they were seen in this con- 
dition within an hour or so of the explosion by Mr. Oliver 
and Mr. Newman, as wellas by Mr. Weeks, one of the 
engineers of board the Thunderer, and these gentlemen will 
be prepared to give you evidence on the subject.- Careful 
precautions were taken to prevent their being tampered 
with, the doors leading to them were sealed and a watch set 

Captain Jackson, so that there is every reason to con- 
clude that |they were seen by all the gentlemen e: in 
this investigation, in the same condition as they had been at 
the moment of explosion. These two outlets were the only 
ones for the steam, excepting the safety valves, and there- 
fore the next question was, in what condition were the 


safety valves ? ap 
valve box, with the two valves inside it, had 


The safi 
been aan diy on the occurrence of the explosion, from the 
front.end plate of the boiler to which it been previously 





5 th the valve seats were 
blanked over with bolted flanges. The next step 

these flanges. This rendered the underside 
of the valves accessible, when both were found not to be 
stuck fast in their seats but to be free. This being clearly 
ascertained to be the case by all present, the cover of the 
weight chamber was removed and all the weights taken out. 
On the top of the cover were two brass i — 
the ends of the spindles of the safety valves. One of these 
was broken. off by the explosion, but the other which 
retained its position we disconnected and carefully examined 
to see that it contained no blocking to hold down the safety 
valve. On taking the valves out from their seat the wings 
were found to have been serio ba , no doubt by 
the fall they had received along with the heavy weights on 
the occurrence of the explosion. The imprints on the 
spindles have been very carefully and minutely examined, 
and I believe the general impression entertained is, that 
they show that the valves were on their seats at the time 
the explosion occurred, though it may be questioned whether 
the position of the valves could thereby be settled within a 
sixteenth of an inch, a variation that would make all the 
difference between a valve that was fast and a valve that 
wasfree. Mr. Phillipsand Mr. Bourne Schasek te tine 
attention to these marks, and will be p to give 
evidence thereon. 

The result of the examination of the safety valves showed 
that they were certainly free at the time of the examination, 
while the rough treatment they had received by the 
explosion rendered it impossible to say positively, whatever 
the presumptive evidence might be, whether they were set 
fast in their seats by adhesion prior toand at the moment 
of the explosion or not. At all events it was clear that th 
had not tampered with, and had not been “‘jockeyed. 
as the term is, in preparation for running the measured mile. 

Had the safety valves been found fast in their seats, 
whether from adhesion or from being wedged down, or from 
any other cause, an immensity of trouble would have been 
saved, the explosion would at once have been unriddled, 
and further investigation rendered unnecessary. As it 
was, however, we were thrown back on an exhaustive ex- 
amination of all the boilers and all the safety valves, and 
then commenced the series of hydraulic tests of the boilers 
already described, and which I may here explain have been 
referred to not so much in the order of time in which they 
were conducted as in the order of argument to which they 

er. On making these hydraulic tests the safety valves 
in every case were tested at their ordinary worki int, 
and in every case were found to lift, that is to say, at least 
one in each valve box lifted, so that the pressure could not 
be raised above the blowing-off point, the valves were 
blocked down, though whether more than one valve li 
in each box rtained. In addition to this 


id not be asce’ 
the valves were taken out and carefully examined, but 
although they were found in o_o to be a tight fit, 
yet there was not one case in which the valve if lifted per- 
pendicularly could not be drawn ont of its seat. t 
although the valves were free when cold it did not follow 
that they were free when hot. The effect of — the 
valves and valve box might be to nd‘them unequally and 
thus to change their proportions, It was therefore thought 
desirable to test them under steam. With this view steam 
was got up in the after port boiler in the aft stokehole to a 
pressure of 12 lb. on the inch, the weights on the valves being 
reduced to that amount as a precaution. As soon as 12 lb. 
was reached, as shown by thegauge, the valves began to blow, 
and blew freely, but pressure gradually rose until it 
reached 19 lb., when the experiment was somewhat abruptly 
brought to a close by a slight derangement of some bolts 
that iad been screwed into the centre of the valve spindles 
and ; ht out thro rs = caps on bd A 

box for the purposes @ experiment. e experi- 
ment been rae further no doubt a hgh. oy pressure in 
excess of that to which the valves were loaded might have 
been reached, more especially had the effect been tried of 
blowing off all the steam through one valve only, a condi- 
tion of things that might arise in actual practice. It was 
also thought desirable to ascertain how the valves would 
behave under steam at their ordinary blowing-off pressure 
of 30 Ib. on the square inch, and to do this the safety valve 
boxes with the valves and weights were taken on shore and 
affixed to the side of the steam dome ofa stationary boiler|in 
rd. In this way fourteen safety valves 


use in the d 
were tried, of these nine were found to be free, while 
five were bound, and these five were all loaded 


square ineb, they did not rise till that pres. 


to 30 lb. on the 
sure was considerably exceeded. One safety valve resisted 





a pressure of 46 lb. before it lifted on one occasion, 44 lb. 
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ird; while, on two subse- 
i » resisted a 


dent to carry the pressure in the boiler 
mnected. It was found that this valve re- 
i d pr to stir it when the steam 
got up and before the valve had lifted, but as soon 
as the steam had blown through, it would then lift at 30 lb., 
showing that it was the unequal expansion of the parts that 
held it fast, and prevented its ri . To make it quite 
clear that it was fre tightness of the fit and the expansion 
of the wings that it from rising, the valve was put in 
the lathe, and an additional clearance of : in. given to it. 
This had the effect of setting it quite free. It rose and fell 
easily and blew off exactly as the steam rose to a pressure 
of 30 Ib., showing plainly that it was want of clearance that 
made it stick fast before. Another valve resisted a pressure 
of 56 Ib. before it lifted, though loaded like the others to 
only 30 lb. After ae once lifted however and re-seated, 
it rose at 30 lb. A third valve resisted a pressure of 54 lb. 
before it lifted. This was found to result from the 
valve being out of place, having been put into the wrong 
seating. There were three valves in the box, and two of 
been put in one another’s places by mistake. Two 
other valves resisted a pressure of 35 lb. before starting, 
but after that on the steam being lowered to 20 lb. and then 
raised to 30 Ib. blew freely. 

In explanation of this Sticking fast of the safety valves it 
may be stated that the valves and their seats are made of 
brass, but the box into which the seating is fixed is of cast 
iron. The brass seating when heated by the steam 
expands more rapidly that the cast-iron box around it, so 
that the brass rim, unable to expand outwardly to the full 
extent it naturally would do, is compelled to expand in an 
inward direction as well, and in so doing contracts the 
opening and nips the wings of the valve. There is reason 
to think that this contraction is progressive. The struggle 
of the brass seating to expand being resisted by the 
encircling cast iron, causes the particles of the seating to 
be pone very intimately together and the ring to be 
slig tly thickened. When the seating cools down it does 
not entirely in its original shape, but settles per- 
manently a little smaller than before, and when re-heated 
on steam being got up again, another struggle ensues, 
another compression, and another contraction, so that the 
valve seat goes on getting gradually smaller and smaller. 
Mr. Phillips has taken carefal gaugings of the valve 
seatings, and experimented on the akaes prior to the 
explosion. Evidence from him will be extremely instruct- 
ing. He will be prepared to show that on ganging the 
diameter of the wings of one of the valves that blew freely 
and comparing it with the bore of the seating in which it 
worked, that the clearance amounted only to the thickness 
of a sheet of foolscap paper, which is less than is allowed in 

eral practice. He will also show that on gauging the 
an seatings, the upper part of the seating where bound 





—_ cast iron, is slightly smaller than the lower part 
which is free, confirming the view of the contraction of 
bore that goes on little by little in consequence of the ex- 


pansion of the metal when bound by the cast iron. Some- 
time since Mr. Phillips tried the experiment of placing a 
brass bush inside a cast-iron rim. ‘The cast-iron rim was 
bored out and the brass bush turned up true and then 
driven tightly in with a wooden mallet, but after bein 
repeatedly cooled it worked itself slack and drop a 
out, so that the expansion of the metal diminished the dia- 
meter. 

The examination of the safety valves and their behaviour 
under test, led to the general conclusion that they were too 
tightly fitted. They were too sensitive, too readily affected 
by variations of temperature, and thus uncertain in their 
action. Fitting valves too tightly frequently arises from 
pride of construction, from the fitter desiring to make his 
work as accurate as possible, without sufficient considera- 
tion of the effects of ex jon. 

The foregoing affords 


and therefore that the boiler had burst from excessive pres- 
sure. But not to rest on this presumption, well founded 
though it might be, search was made in the boiler itself for 


any evidence of its having been subjected to undue pressure, | 


when it was found that the sides of the smokebox, which 


were of small area and therefore strong, were bulged out- | 


wards between the stays by internal pressure as much as 
tin., while the crown of the flamebox or combustion 
chamber at the back of the boiler, which was more strongly 
stayed than the front of the uptake which had given way, 
was bulged downwards j in. The top of the combustion 
chamber is 2ft. 4in. wide, with a row of nutted stays, 
some of which are spaced 12 in. and others 15 in. apart. 
None of the other boilers are bulged in a similar position, 
so that this boiler evidently had been subjected to exces- 
sive pressure. 

Tt has been suggested that this excessive pressure may 
have been due to an extra loading of the safety valves by a 


statical column of water, formed by condensation in the | 


off the waste steam from the valves. 


i for carryin 
Th steam in the ar safety-valve boxes in the after stoke- | 


hole 


ed into a central main waste pipe, running up the 
funnel, and as eleven engines exhaust into t 


his same waste 


pipe, it has been thought it may have become choked with | 


water due to condensation and priming, seeing that it de- 


pendéd for drainage on a single pipe 1 in. indiameter. As the | 
| experiment with the starboard 
| Speculations on this subject, however, are rendered 


main waste pipe, which was 14 in. in diameter, was about 
50 ft. in height, it would, if full of water, havegiven a pressure 
on the safety valves of about 20 Ib. in addition to that of the 
ordinary load. Mr. Weeks is familiar with the working of 
the auxiliary engine, and will be able to state whether from 
his experience he has ever witnessed anything to confirm 
the view that the waste steam pipe may become choked to 


ag Fg extent. 
- Bourne has suggested that the excessive pressure in 
the boiler may have been due not so much to the valves 














resumptive evidence that the | 
safety valves in the boiler that burst had been inoperative, | 


Seep teenie their seats by adhesion as to being 
ed down in the following way : He concludes from the 
marks on the valve spindles that one of the spindles was 
broken prior to the explosion, and that that ing out of 
place may have jammed down its own valve, and at the 
same time the weights upon it may have so fouled those 
upon the other spindle as to have kept the other valve from 
rising also. In this way he thinks both valves became 
locked fast. On this point it may be well for Mr. Bourne 
to make his own statement. 

In connexion with the question of excessive pressure it 
may here be stated that the pressure gauge on the boiler 
that burst was found shortly before the explosion occurred 
to be out of order. Mr. Thomas Harding, in the employ 
of Messrs. eT oe Tennant, and Co., as foreman of 
the fitters, had the charge of the boilers and their fittings 
on the day of the explosion, and was assisted by William 
Downs, who called his attention to the fact of the gauge 
being out of order. He had disconnected the gauge from 
the boiler and blown the pipe through, and then connected 
it again, but found the gauge still wrong. On this Mr. 
Harding instructed him to break the glass so as to get to 
the dial pointer, when on touching it it was found to hang 
loosely and to be quite useless, whereupon, seeing that each 
boiler had its independent pressure gauge, so that there 
were seven others at work, Mr. Harding gave instructions 
to let the gauge remain as it was, and to work on relying 
on the other seven, being under the impression that the 
boiler was in connexion with the entire series. Downs was 
unfortunately killed by the explosion, but Mr. Harding will 
be able to narrate what took place. This derangement of 
the gauge has been considened | by Mr. Bramwell to confirm 
the view of excessive pressure. The gauge was graduated 
as already stated to 35 Ib., but on that pressure being ex- 
ceeded the pointer would travel beyond the graduations till 
it reached the zero stop pin on the wrong side. Standing 
at this point it would have the appearance of indicating no 
pressure, and, as the gauge is some 9 ft. from the ground 
and was only lighted by a lamp, an observer standing on 
the flooring plates would not readily determine whether it 
was on the right side of the zero stop pin or on the wrong, 
and the idea of putting the question might hardly have 
occurred to him. Presuming that the pointer was pressin, 
up against the zero stop pin on the wrong side, a touc 
with Downs’ finger a readily lift it over, when, if the 
pressure was sufiicient, the pointer would be carried forward, 
and the rack inside the gauge be pulled out to its full 
extent, and disengaged from the pinion on the axis of the 
pointer when the pointer would fall down and hang idly, 
just as Downs reported to Mr. Harding he found it to do. 
To verify this hypothesis all the gauges were submitted to 
a test by hydraulic pressure. In every case the pointer was 


found to travel freely beyond the graduated path until it | n 


reached the zero stop pin on the wrong side, and to mount 
the pin on receiving a slight touch of the finger, when it 
travelled forward again until attaining a pressure of about 
60 Ib., when the rack drew from the pin on the axis of the 
pointer, and let it fall idly against the zero stop pin. The 
above will suggest the expediency of placing a high-pressure 
stop pin at the end of the graduations, as well as‘a zero stop 
pin at the commencement, so that the pointer will not be 
understood to indicate no pressure when it is doing its best 
to call attention to the fact that the boiler is near its burst- 
ing point. If the gauge was mistaken to be indicating no 
pressure when it was really indicating excessive pressure, 
as it seems highly probable it was, it scarcely seems too 
much to say that a high-pressure stop’pin, as just described, 
might have prevented the explosion. So important are 
little things. The above experiments were tried at the 
instance of Mr. Bramwell, and his evidence thereon will be of 
considerable interest. 

There is another fact, bearing on the subject of excessive 

pressure, that may here be mentioned. On examining the 
port forward boiler in the forward stokehole, which is a five 
furnace boiler, the — was found to be seriously bulged 
outwards by internal pressure, the bulging amounting in 
pines to nearly half an inch. This bulging could not have 
peen done in making the boiler. It was not one general 
bulging over the whole uptake but a series of bulgings be- 
tween the stays, giving the stays an appearance of having 
been drawn in. ‘This bulging suggests important questions 
as to its cause. The sister boiler on the starboard side of 
the ship which was of similar size did not show these signs 
of distress. What was the reason for the different be- 
haviour of the two? Could there have been any accidental 
difference in the thickness of the plates? Had there been 
excessive pressure in this boiler as in the one that burst? 
If so, from what cause? Had the safety valves been in- 
operative, and the stop valves on the top of the boiler at 
the same time closed? Or, was the bulging the effect of the 
softening of the plate from overheating through the high 
temperature of the gases on running the measured mile on 
a previous occasion? The condition in which this boiler was 
found, appears to be an argument in favour of further in- 
vestigation as to whether the plates in the uptakes are 
weakened by overheating, and to show the wisdom of Mr. 
Wright's decision to put in additional bolt stays in the up- 
takes of all the boilers. 

It has been further suggested that if one of the safety 
valves was stuck fast, so that the other had to do all the 
work, the pressure would rise in the boiler to a dangerous 
extent, seeing that a rise of 7 lb. was obtained when both 
valves were blowing, as already stated in referring to the 
iler in the after stokehole. 
un- 
necessary by the evidence of Mr. Oliver, who was standing 
on the deck at the time of the explosion and watching the 
tops of the funnels, not accidentally, but for the express 
purpose of taking notes of the smoke. Mr. Oliver distinctly 
observed that only a light feather of steam was escaping 
from the waste pipes, whereas had all the steam made by 
the boiler that burst been ing out through one of the 
safety valves, there would have been a complete roar. 





With the yee mn facts before us we may now attempt 
to draw a conclusion as to the cause of this explosion. 
Firstly, the steam stop valve and the auxiliary stop valve 
on the top of the boiler, which were the only outlets for the 
steam except the — valves, were closed at the time of 
the explosion. Secondly, Mr. Oliver, Chief Inspector of 
Machinery Afloat, a competent observer, standing on the 
deck at the time and watching the tops of the funnels for the 
pw of taking notes, states distinctly that only a light 
feather of steam was to be seen, which could not have been the 
case had all the steam the boiler was making been escaping 
through them. Thirdly, the safety valves on examination 
were found to be a very accurate fit, and on being tested 
proved uncertain in their action, some of them binding until 
the pressure required to lift themi was double the ordinary 
blowing-off pressure in one case, and near double in others. 
Fourthly, the steam pressure gauge attached to the boiler 
that burst was either out of order or mis-read, so as to be 
practically useless, and, therefore, the actual pressure of 
steam in the boiler was not known. Fifthly, the boiler 
gave unmistakable evidence of having been distressed 
through excessive pressure prior to the explosion. The con- 
clusion from these facts appears to be irresistible, viz., that 
the boiler burst through excessive pressure of steam in con- 
sequence of the safety valves being inoperative, and I 
estimate that pressure, as far as I am able to judge, at 
about 100 Ib. on the square inch. It will be observed that 
I do not attribute the explosion to the closing of the two 
stop valves on the top of the boiler. To attribute the ex- 
plosion to this cause would not be to strike at the root of 
the matter. A safety valve is no safety valve at all unless 
it is able to relieve the boiler of its steam whether the 
stop valves are open or shut. It should be able to allow 
all the steam to mr with safety that a boiler can 
possibly make when the fire is hardly pressed, and all 
other outlets closed. Engines may have to be suddenly 
stopped when running at full speed, and many other con- 
tingencies may arise in actual practice that would be 
equivalent to shutting the stop valves on the top of the 
boiler, so that a safety valve that will not relieve all the 
pressure of the steam under such circumstances is only a 
snare. I do not, therefore, attribute the explosion to the 
accidental closing of the stop valves on the top of the boiler, 
but solely to the inefficiency of the safety valves. 

Remedial Suggestions.—I understand that the object of 
investigating the cause of such catastrophes as the present, 
in addition to ascertaining the cause of death, is to find out 
the way of preventing their recurrence, and, therefore, I 
shall be right in offering some suggestions to that effect, 
and in doing so I must unavoidably repeat one or two re- 
marks already made, in order that I may gather the 
remedial suggestions together for their greater complete- 


ess. 
In the first instance, I would call attention to the general 
construction and arrangement of the safety valves, to which 
I must beg to be allowed to take some exception. The 
safety valves are loaded, as will be seen from the drawing 
accompanying this report, by a number of cheese-shaped 
dead weights placed on the top of them, these weights 
being kept in position by a spindle running through their 
centre, the spindle being in one piece with the safety valve, 
and having a diameter of 1}in., and a length of as much 
as 1ft.9in. This spindle is guided at the top by a brass 
cap on the cover of the valve box, and at the bottom by the 
wings of the valve itself. In this arrangement it will be 
seen that the free working of the valve depends on the truth 
of the spindle and on the truth of the bearing at the top, 
and that a small change of form from expansion or from 
lateral action of the weights upon the spindle in a sea-way, 
would tend to make it bind. In a sea-way, the lateral 
action of the weights is thrown upon the spindles, which, 
in their turn, throw it on the guides at the top and the 
valves at the bottom. In some cases spindles have become 
permanently bent from the lateral action of the weights in 
asea-way. As‘a remedy for these evils I would make the 
following recommendations: Firstly, that the spindle 
carrying the weights should be entirely distinct from the 
valve. Secondly, that the point of pressure on the valve 
should not be on the top, which tends always to keep the 
valve in unstable equilibrio and to make it chafe against 
the wings, but that it should be carried down into the heart 
of the valve, so as to be considerably below the plane of the 
seating, when the valve on blowing off would float in the 
steam and be almost if not entirely independent of 
the wings. Thirdly, that instead of allowing the spindle 
carrying the weights to bear on the valve directly, there 
should be an intermediate pillar, rounded at both ends, 
placed between the two ; the bottom of this pillar dropping 
into the cone carried down into the heart of the valve, and 
the top entering into a similar cone chamber at the bottom 
of the spindle carrying the weights. On this arrangement 
the spindle carrying the weights might work itself out of 
line with the axis of the safety valve without producing any 
material inconvenience. Where springs are adopted instead 
of weights, the intermediate rocking pillar might still be 
introduced though there would be less necessity for it, as 
the springs being so much lighter than the weights, are 
calculated to produce much less lateral disturbance in a 
sea-way. ‘ Vins 
But it is to the mode of testing these valves to ascertain if 
they are in working order to which I would more specially 
call attention. The valves are lifted from below by means 
of a screwed spindle turned by hand, and when the valves 
are tested the handle is turned round until the screwed 
spindle is thrust up high enough to touch the valve, and 
on a resistance being felt the valve is supposed to be lifted 
on its seat. But whether the end of the spindle actually 
touches the valve, and whether it actually lifts it, cannot 
be seen, as both the valve and the end of the screwed spindle 
are enclosed in the box. Were it possible for the operator 
to see the steam discha from the safety valve, this 
arrangement might be satisfactory, but the steam from the 
safety valves of the four boilers in each stokehole escapes 











Sepr. 8, 1 876.] 


ENGINEERING. 





219 














common waste or discharge pipe carried up through a 
eat in the middle of the funnel. he man who tests the 
safety valves has no ocular demonstration that they are free. 
He merely judges that the valve has been lifted by the re- 
sistance to turning the screw. This is very deceptive. 
The screw may work stiffly in the thread and resistance 
be felt from other causes than resistance of the valve. 
Thus the attendant in testing them, and though honestly 
endeavouring to do so, may be deceived and leave a safety 
valve stuck fast on its seat when he had thought he had 
raised it and left it free. On the present system it has to 
be taken on faith that the safety valves are free. It does 
not admit of demonstration, and this it is thought is not 
satisfactory. ; 

To meet this, I would venture to make the ages 
suggestions : Let a small open valve, which may be calle 
a “sentinel valve,”’ be affixed in some aos position 
at the front of every boiler, and allowed to blow directly 
into the stokehole. To prevent this valve causing incon- 
venience by discharging its steam into the stokehole when- 
ever the valves were blowing off at the ordinary pressure, 
it might be loaded to say 5 lb. in excess, and its diameter 
might be small, say one inch. No better description of 
valve could be adopted than the duplex safety valve, by 
Mr. Ramsbottom, in such general use on the ocomotives 
on the London and North-Western Railway. This valve is 
loaded by a spring and fitted with a lever, which admits of 
the valves being tested to see that they are free, but does 
not admit of the load on the valve being increased. It 
should be a rule that immediately on a change of watch 
the leading stoker should test all these open safety valves 
so as to see that they are in working order. The system is 
so simple that it would be at once comprehended by every 
one of the stokers.. They could at any time, should there 
be any uncertainty as to the amount of pressure within the 
boiler or as to the truth of the steam pressure gauge, touch 
the testing lever with a rod and ascertain that all was 
right. If the chief engineer wished to ascertain for 
himself that these ‘‘ sentinel’? valves were in order, he 
could stand at the end of the stokehole, and on ordering 
them to be tested could see for himself whether steam blew 
off from them or not. Under the present system if he 
gives orders for the safety valves to be tested, he relies on 
the accuracy of the man who executes the order as 
to whether the valves are realy lifted or not. Had these 
“sentinel” valves been on the boilers on the day of the ex- 
plosion their action would have been as follows : As soon as 
the steam rose to 35 Ib. on the square inch, which was 5 lb. 
in excess of the proper blowing off pressure, the sentinel 
valve would have commenced to blow ; and if in the excite- 
ment consequent on the trial at the measured mile the 
blowing had not been at first noticed, the steam would have 

one on rising till it reached 40lb., when the valve would 
oe blown more severely and a greater rush of steam have 
found its way into the stokehole. In this way it would 
have made itself heard and seen before a dangerous increase 
of pressure had been accumulated within the boiler. Such 
would have been the case from whatever cause the exces- 
sive pressure within the boiler — have arisen, whether 
from the safety valves being bound in their seats, whether 
from their being blocked down by the fracture of one of the 
spindles, whether from being wedged down through over- 
sight, through ‘‘ jockeying,’ or through absolute malice, 
or from whatever cause excessive pressure might at any 
time arise within the boiler, the ‘‘ sentinel’’ valve, if kept 
in working order, would give warning. I have spoken to 
Mr. Wright, Chief Engineer to the Admiralty, with regard 
to the “sentinel’’ valve, and he sees no difficulty in its 
adoption. Indeed, he informs me, of which I was not pre- 
viously aware, that they have already been attached to 
their high-pressure boilers, but have not yet been thought 
necessary for their low-pressure ones. I would, however, 
recommend that this limitation be withdrawn and that the 
“*sentinel’’ valve be applied to all boilers whether the pres- 
sure be high or low. Mr. Oliver, Chief Inspector of Ma- 
chinery Afloat, informs me that they had them in use on 
the gunboats at the time of the Crimean war, and his 
evidence on the subject may be of interest. It will be ob- 
served that these ‘‘ sentinel’ valves could readily be applied 
to existing boilers, and could be sent to vessels on out 
stations, so that expense would not be incurred in bringing 
the vessels home. 

I ee J further point out that, of the two safety valves on 
the boiler which burst, only one could be tested by hand, 
whereas it is desirable that every valve should be capable 
af being tested by hand. A valve that cannot be tested, 
ond which is locked up out of sight, may soon become useless 
and may engender a false confidence. Also it is desirable 
that an arrangement should be made for turning every 
valve round and round on its seat by hand, the apparatus 
for doing this being so arranged that no extra load could 
thereby be put upon the valve. 

, Having stated candidly the defects which appear to me to 
lie in the safety valves in very general use in Her Majesty’s 
Navy, Ishould wish to add that those whoareaccustomed only 
to the equipment of land boilers will not readily understand 
the difficulties that encompass the safety valve arrangements 
on board ships of war. On land boilers, whether stationary, 
portable, or locomotive, there is no difficulty in having an 
open safety valve which can be seen to blow on testing the 
lever, but the general use of open safety valves on board 
ship is quite inadmissible from the inconvenience that would 
result from the escape of steam. Ina man-of-war the 
boilers are below water line. Daylight never enters the 
stokehole, and it is as if the boilers were at the bottom 
of an underground tunnel, while the exit of the steam at the 
top of the waste pipe is far removed from those in attendance 
on the boilers. ‘Thus the exigencies of the case render the 


safety valve question on board j ‘i 
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stances. 

With regard to the uptakes it is hardly necessary that I 
should make a recommendation: that the stays should be 
pitched more closely together, and that they should be 


to deal with than under ordinary circum- 





nutted, since the Admiralty engineers, as already stated, 
have resolved to put in willitional stays and to add nuts 
before sending the boilers to sea. It appears tome that 
the right principle of staying flat surfaces is to have several 
stays of small Semaine rather than a few stays of large 
diameter, soas to afford the platea ter number of 
points of support and points of attachment. Further it 
should be adopted asa fundamental principle that the plate 
should beable to sustain the loss of any one stay without 
throwing so great a strain on those around it as to lead to 
their giving way also. Unless the plate be able to do this 
the safety of the entire boiler may be jeopardised by the loss 
of asingle stay, and that stays will sometimes fail unawares 
from corrosion, from inferior threads, and other causes, it 
seems impossible to doubt. 

The subject of the possible softening and therefore the 
increased bulging of the plates in the uptake by over-heating 
should not be lost sight of, and it might be well to fix some 
self-regulating gauges that would record when the steam 
was down if any bulging had taken place when the steam 
was up. If a little bar were attached to a couple of the 
stay bolts, and a pin passed through it at the middle of its 
length, fitting with moderate tightness, and its point press- 
ing against the plate, it would be forced backwards if the 
plate bulged outwards, and, by retaining its position, act as 
a tell-tale. Two or three of these might be inserted in the 
same smokebox. 

I would further suggest that the pressure gauges should 
have a graduated range on the dial of at least fifty per cent. 
higher than the working pressure, and not only a zero stop 
at the beginning of the range, but a high-pressure stop pin 
at the end, so that the hand could not be carried round to 
the reverse side of the zero stop pin and appear to indicate 
no pressure when in fact it was indicating excessive pressure. 

I beieve that some pressure gauges are made with a 
central opening in the dial so as to leave the rack and pinion 
open to view, when if the gauge is out of order from the 
rack having drawn off the pinion, the cause of the derange- 
ment can at once be seen. This principle of construction 
appears to be worthy of adoption. An additional pressure 
gauge, with a considerably higher range, attached to each 
boiler would be a further safeguard. 

In conclusion, to sum up the whole matter ina word, I 
attribute the steam boiler explosion that occurred on board 
H.M.S. Thunderer to the inadequacy of the safety valve 
arrangements, and to prevent the repetition of such dis- 
asters, I would recommend, as a y explained, the 
addition to every boiler of a ‘f sentinel’ safety valve. 

I remain, dear Sir, yours faithfully, 
(Signed) AVINGTON E. FLETCHER. 
Chief Engineer to the Manchester Steam Users’ 
Association. 
Portsmouth, August 19, 1876. 


FOREIGN AND COLONIAL NOTES. 

Victorian Gold Quartz.—The quantity of quartz crushed 
in Victoria in the first quarter of this year was 229,755 tons. 
The quantity of gold obtained from the crushing was 
135,270 oz. 

Adelaide.—Adelaide, the capital of South Australia, is 
shown by a census taken in March, 1876, to have a popula- 
tion of 31,573. The Adelaide city surveyor has recom- 
mended the construction of a main sewer from Adelaide to 
Kirkcaldy beach at an estimated cost of 42,6031. A com- 
pany is proposed to be formed to construct and work a horse 
traction tramway to connect Barton and South Terraces, 
Adelaide, vid O’Connell and King William-street. The 
capital talked of is 16,0001. in 8000 shares. 


Nova Scotian Railways.—A contract for the construc- 
tion of the Eastern Extension Railway from New Glasgow, 
Nova Scotia, eastward through Antigonish to Hawks 
on the Strait of Canso, witha steam f across the strait 
to Cape Breton, also for a branch of the Intercolonial Rail- 
way from Truro to Picton, has been awarded by the local 
government to Messrs. H. Abbott and Co. The terms o: 
the contract are understood to be asubsidy of 8000 dols. per 
mile and the gift of a branch line of the Intercolonial Rail- 
way from Picton to Truro as a western connexion. 


French Coal Mining.—In 1869, the extraction of coal in 
the French department of the Nord amounted to 
2,476,116 tons. In 1875, it had risen to 3,356,696 tons, 


American Agricultural Implements.—It is predicted in 
several quarters that the American Centennial Exhibition 
will result in a large trade in agricultural implements made 
inthe United States. Favourable reports of recent tests of 
mowers and reapers have been sent home by South American 
observers, and it is thought that the sale of these imple- 
ments in Brazil and the Argentine Confederation, as well 
as elsewhere, will be largely increased. 


Atlantic Steaming.—Two or three years since, there 
were about 150 steamers worth some 90,000,000 dols. em- 
ployed between Europe and the United States, all of them, 
except about half a dozen, being owned by Europeans. Since 
the summer of 1874, a great change has, however, taken 
place in the business of the ———— owning these ships. At 
present between 40 and 50 of the ocean steamers which once 
plied regularly between Europe and the United States are 
moored at their owners’ wharves in England and Germany, 
with absolutely nothing to do. These are not old worn-out 
vessels but sound first-class steamers. In other words, 
about 25,000,000 dols. of good property, once employed 
with profitable results, is now idle and not yielding a cent 
of revenue. 

Philadelphian Commerce.—The foreign trade of Phila- 
delphia for the last five years shows a steady and largevin- 
crease in the exports, notwithstanding the decline in values 
which has taken place since 1872. Thus the value of the 
exports from Philadelphia in 1872 was 26,304,051 dols., 
while in the fiscal year just ended—that is, in the year 
ending June 30, 1876—it had grown to 40,254,075 dols. 


Victorian Railways,—His Excellency the Governor of 














Victoria has inaugurated an extension of the Victorian 
railway system from Ararat to Stawell, a distance of 176 
miles from Melbourne. The length of the extension is 18 
miles. Speaking at a luncheon which took on the 
occasion, Sir J. M‘Culloch stated that.the t railways 
fem whet ae Victoria cost a to nee = 
while new railways were being in the colony at from 
40001. to 50007. ae mile. v 


Gas at Sydney.—The whole of the Sydney Gas Com- 
pany’s old buildings off Kent-street North ham been razed 
to the ground. I¢ is the intention of the com to extend 
its appliances for the manufacture of gas by the erection 
of new buildings and retorts. The intended alterations 
and improvements will probably occupy some eighteen 
months in their oe. They will be carried out under 
the supervision of Mr. W. H. Stephen, C.E., the company’s 
engineer, and Messrs. Mansfield Brothers, architects. At 
the storage station in Pitt-street South, near the Hay- 
market, a large excavation has been made for a gas holder, 
which will be large enough to contain 560,000 cubic feet of 
gas, but which is intended to contain only some 400,000 
cubic feet. The holder will be 105 ft. Gin. in diameter, 
and it will have a depth of 35 ft. 6in.clear of the walls. 
The guide framing of the gas holder will consist of twelve 
cast-iron columns and two tiers of wrought-iron girders 
with the requisite longitudinal trussing. The company 
have, at present, exclusive of the one now in course of con- 
struction at the Haymarket, three gas holders, the united 
capacity of which is 195,000 cubic feet. The gas stored in 
these three holders supplies half of the southern end of the 
city, with Parramatta-road, Newtown, Camperdown. 


American Harbour Improvements.—A Bill which has 
been under the consideration of Congress appropriates 
350,000 dols. for removing obstructions in the East River 
and Hell Gate, New York. A sum of 275,000 dols..is also 
appropriated for the improvement of the Des Moines 
Rapids, Mississippi River, and 150,000 dols. for the improve- 
ment of the mouth of the Mississippi. 

Tennessee Coal. — Tennessee exhibits, at the great 
American Centennial at Philadelphia, some bituminous 
coal taken from a vein 100 ft. in thickness. 


Australian Coal.—At the last monthly meeting of the 
Engineering Association of New South Wales, Mr. Davies 
read a paper on the value of different samples of Australian 
coal, A discussion of the subject was adjourned, so that 
Mr. Davies might have an ~ simsmaned of investigating the 
properties of Queensland coal. 

Darien Interoceanic Canal.—A contract has been con- 
cluded between Mr. Gogorza and the Colombian Govern- 
ment for the survey, and, if ible, the execution of a 
Darien Interoceanic Canal. e should imagine that it is 
easy «oan of this enterprise, and not very easy to 
realise it. 


MARCHANT’s “Stream Pumps.’? — Three weeks ago 





(videpage 148 ante) we a the reports which 

had been circulated respecting the ts alleged to have been 

obtained at Portsmouth D ard by the application of Mr. 
umps,”” an 


Marchant’s system of ‘‘ steam p we pointed out 
that the real facts of the trials did not justify the conclusion 
that any benefit had been afforded by the application of the 
system. The following week we published a letter from 
Mr. Marchant, in which he complained that the trial 
had not been made under favourable conditions, and asked 
us to withhold our expression of opinion until further 
tests had been made. Since then these further trials 
have been carried out, and from the following account 
of them, extracted from the Times of Monday last, it will 
be seen that the opinions we have e have been fully 
justified. Says our contemporary : ‘‘ Two more trials were 
made at Portsmouth, on Friday and Saturday, on the forty- 
horse power factory engine for the pi of determining 
by comparison the merits of Marchant’s steam pumps, by 


f | the use of which he hopes to utilise the exhaust steam for 


wer within the boiler. At the last trial the inventor was 
issatisfied with the supply of steam from the low-pressure 
cylinder, which was o y i lb. over a vacuum, and also 
with the temperature, which was 180 deg. Had the supply 
and temperature been what he calculated upon, the e- 
rence, he contended, would have more than doubled the 
feed of steam to the boiler, and at the same time have 
relieved the pumps of the over-saturation and con- 
sequent water-jam, and have given greatly superior 
results with a full expression of the power. ‘To remedy 
these defects, at the trial on Friday the pumps were 
connected with the high-pressure cylinder, while to prevent 
variations in the amount of work performed the engines 
were made to actuate six pumps in connexion with Nos. 
and 10 docks, the water in which was kept at the same 
level throughout the six hours’ trial. in order that a constant 
lift might be maintained. On Saturday the engines were 
worked for six hours, but without the steam pumps, when 
a comparison of results showed that, notwithstanding the 
change of conditions, the net product of useful work per- 
formed by the engines was against Mr. Marchant’s inven- 
tion. ith the steam pumps the engines made 68.98 re- 
volutions a minute, and indicated 102.730 horse power ; 
and without the steam pumps the revolutions were 71.32 
and the horse power 89.615. The horse power developed 
under Mr. Marchant’s system was in excess, but the dif- 
ference of 13 seems to have been absorbed by the working 
of the steam pumps. A comparison of the mean number of 
revolutions made by the engines on each trial will show that 
the advantage of actual work done was clearly in favour of 
the old geo since every additional revolution obtained 
represents an additional lift of ig a per minute. The 
coal used on the occasion was Nixon’s steam navigation 
coal, and it may be stated that the amount of fuel consumed 
per indicated horse power per hour was as nearly as possible 
the same in both cases. The depth of water in the well on 
Saturday being a little less than on the previous day, the 
height of the lift must have been greater.’ 
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THE EXHIBITION: OF SCIENTIFIC 
APPARATUS; «©! 


MerTEoROLOGICAL Section.—No. I. 

No thermometer at the present day can be con- 
sidered satisfactory for meteorological purposes unless 
it be divided on its own stem. Previous to the Ex- 
hibition of 1851 this improvement, as well as that 
of enamelling white the part of the stem forming 
the background to the graduations, were not intro- 
duced. It is, therefore, only necessary to show a 
very few thermometers of the best construction for 
meteorological purposes, side by side with some of 
the older sort fitted merely with side scales, Of 
these latter, however, there are none exhibited. 
Of the former there are, perhaps, more than enough, 
and the tendency to a bazaar show is only too xi 
parent. The Meteorological Office wy judiciously 
show, with certified corrections, the thermometers 
used by the Royal Navy, observers at sea generally, 
and at their stations. ‘These are, to all intents and 
purposes, standard instruments, mounted on wash- 
able porcelain slabs. The maximum thermometers 
are either Negretti’s or Phillips’s. In the former the 
mercury is retained at the highest temperature 
reached by a contraction in the neck of the bulb; 
in the latter the index is formed by separating a 
small portion of the mercury by the intervention of 
a speck of air ; each requiring to be shaken with the 
bulb downwards to reset the thermometer to the 
present temperature. The minimum thermometer 
is Rutherford’s, which has a sliding index drawn 
back by the contraction of the spirit, and left at 
the greatest cold until reset by inclining the instru- 
ment to bring the index to touch the end of the 
spirit. Hicks's improvement of this instrument for 
use on grass has a hollow cylindrical bulb forming a 
very sensitive instrument. Formerly, spirit thermo- 
meters were coloured a bright ruby, and we have 
seen many, nearly thirty years old, which still’ re- 
tain their bright colour ; thermometers made of late 
years so coloured, we have always found to deposit 
the colouring matter and spoil, so that the secret of 
an enduring colour appears to be lost, or the desire 
to save farthings has ruined the character of the in- 
struments. Foreign thermometers appear for the 
most part to have their stem enclosed in an outer 
*; shield enclosing a paper scale, and are neither 
enamelled nor divided on the stem. It is important 
to note, though it is in no way made evident at this 
Exhibition, that thermometers are now readily veri- 
fied at the Kew Observatory at the freezing-point of 
mercury, or minus 38 deg. The instruments in use 
with the Arctic Expedition haye been so verified, 
being the first authentic low range thermometers 
sent to the Arctic regions. The value of this in giving 
a certainty to the records of temperature will, it is 
hoped, be apparent when the results of the expedi- 
tion happily reach us, Hitherto, great uncertainty 
has attached to thermometrical observations in the 
winters in Arctic latitudes. Belcher, Kane, and 
Hayes felt this, and did their best to get at reliable 
results, still they were not altogether successful. 

Of Six’s thermometer we shall have to speak as 
aninstrument for deep-sea] temperatures, otherwise 
it is of little use, except as a common register of 
temperature, 

The mercurial minimum thermometers invented 
by Casella, and Negretti and Zambra, although not 
very much used, ought to have shown up here. 
Theinverted maximum thermometer of Negretti and 
Zambra, so useful for taking the temperature of 
deep borings and on shipboard, is likewise un- 
represented ; and surely a standard verified ther- 
mometer, reading from minus 40 deg. to plus 212 
deg. should have been introduced into the collection. 
As a work of art in glass, attention should be di- 
rected to an Italian spirit thermometer, which has 
the divisions burnt into the stem, and is said to date 
from sixty years after Galileo. 

Hygrometers, except as composed of a pair of 
thermometers, one dry bulb, and the other a wetted 
bulb, are peseiy represented. There are several 
examples of Saussure’s hair h eter, an instru- 
ment little used except in eold climates. Some of 
these are early constructions and rough, the later 
kinds are beautifully executed by Pfister. Daniell’s 
hygrometer, now little used, is shown, but the more 
peter form of Regnault’s seems wanting. Both 
of these are developments of Leslie’s original instru- 
— exhibited by the Scottish Meteorological 
_ Actinometers, or instruments to measure the 
intensity of solar radiation, are very inadequately 


Pouillet’s so-called pyrheliometer, Melloni’s nor 
Marie Dayy’s thermo-pile Fb ig for radiation 
experiments, Secchi’s, icsson’s, nor Balfour 
Steward’s actinometers are exhibited, The only 
instruments. of this class, that we could find are 
black bulb thermometers in vacuo. Of. these, the 
construction which has attracted the recent atten- 
tion of meee is fitted with the platinum 
electrodes by Hicks. He claims a superior vacuum, 
and the electrodes are furnished for the p of 
testing it, According to Gassiot’s electrical investi- 
gations with exhausted tubes, only the best vacua 
give the glow discharge with stratifications. Alas! 
the Exhibition Handbook would dash the hopes of 
meteorologist as to the value of this test; for at 
page 91 it is stated by Clerk Maxwell, “a vacuum 
is astronger insulator of electricity than any other 
mediam,” and that ‘when the exhaustion is made 
very perfect, the discharge cannot be made to take 
place between the electrodes within the vessel, and 
the spark actually passes through several inches of air 
outside the vessel before it will leap the small in- 
terval within the vessel.” This should be a matter 
of investigation, and if the electric test for solar 
thermometers is a delusion it cannot be too soon 
made known. Electricians could surely do this with 
very little trouble. It would seem that the test of 
repulsion, as demonstrated by, Crookes’ radiometer, 
must be applied to the vacua of actinometers ; though 

robably some meteorological application Jang 
ound for Crookes’ instrument. 

A rain gauge isa simple instrument enough, but 
to judge from the variety exhibited, a great deal is 
made of it. They are of many sizes, from gill to 
gallon capacities. It has been very satisfactorily 
shown, however, that any receiver less than 8 in. 
in diameter cannot be relied upon for accurate in- 
dications. This is the size recommended by Glaisher 
and used by the Meteorological Office, the pattern 
exhibited being deep in the funnel with a sharp rim, 
to prevent insplashing and outsplashing, and to 
collect snow. e Russian pattern is even larger 
and deeper. After these it is sad to witness the 
abortive things of small size or defective shape 
scattered about in all directions, which can claim 
no scientific interest. A registering gauge to collect 
the rain brought by the various winds, has so many 
different collectors, and the funnel discharges the 
rain under the control of a vane. This must so 
differentiate the rainfall as to make the driblets 
“small by degrees and beautifully less.” The de- 
lightful way in which it is painted inside as well as 
outside, must insure the loss of no inconsiderable 

rtion of the driblets in wetting the surfaces, At 

t, a rain gauge is to go to sea, and Dr, W. T, 
Black seems to have seriously worked out the in- 
strument and the modus operandi. It is quite certain 
that his gauge will catch all that comes into it 
whether it be rain or sea-spray, or a billow now and 
then; but how the distinction is to be made and a 
record kept of the rain we do not know, though we 
are informed that Dr. Black has drawn up.rules for 
eliminating the amount of spray by testing the col- 
lected water with an hydrometer, Another difficulty 
will be, having got rain registers from shifting ob- 
servatories, to group or compare them for place and 
season. Among the obsolete apparatus of this class 
Ronalds’ rain and vapour gauge may claim some 
interest. It does not appear to be now in order, 
but it will be found described in the British Asso- 
ciation Report for 1844. 

Atmidometers, or measurers of iy Soper, need 
not a lengthened notice, because, for one thing, 
there are no recognised reliable and handy instru- 
ments, and, for another, they are badly represented 
here. There has been no lack of invention in in- 
struments for this particular object, but their use is 
beset with difficulties. A instrument, which 
exposes a cylinder of water about 4 in. in diameter, 
and less than | in. deep, and measures the amount 
evaporated after a given interval by withdrawing 
the remainder into a cylinder fitted with a piston 
moved by a screw, a side scale giving the contents 
of the vessel, is the invention of Lamont, of Munich, 
and seems deserving of the attention of meteoro- 
logists. Prestel, Ebermeyer, Osnaghi, and Skertchly 
exhibit apparatus for measuring evaporation from 
water ‘aces and different soils, 

Considerable effort has been made of late years 
to produce good anemometers, probably because 
they are now required for measuring air-currents 
with the view of regulating the ventilation of mines. 
Hitherto, however, engineers have not been more 
satisfied with these instruments than meteorologists. 





represented. Neither ‘Herschel’s actinometer, 


An accurate and reliable anemometer is still a 


desideratum, and the means of. obtaining a fair test 
trial for these instruments have yet to be provided 
at Kew Ah Us delegeo ey pndenstens “that the 
Royal So ve granted funds for experiments 
in_ this pee tg but no results have yet been pub- 
lished, Mr, R. M, Lowne exhibits meee on 

tic registering air-meters, utifully 
mo, which the revolutions of a fan are recorded 
by counters, and designed for use ashore, afloat, and 
in mines, Browning exhibits an ancmometer for 
obtaining the horizontal and vertical pressure of 
wind ; and the Scottish Meteorological Society one, 
designed by Professor Crum Brown, for registering 
the horizontal component only; also a poseare 
anemometer, designed by T, Stevenson, C.E,, which 
acts by lengthening not compressing the resisting 


;;and-a pressure anemometer, designed b 
i Ballengall, which has a cistern of mercury wi 
4 plunger. which acts in connexion with the, pressure. 
late, A fine observatory anemograph, of Beckley’s 
ign, islent by Casella. Beckley’s fan apparatus 
for direction, and Robinson’s cup apparatus for 
velocity,’are exhibited by Mr. Gordon, who has in- 
vented in connexion with them an ingenious printing 
recorder, Electrically sogienering -anemometers are 
shown by Pastorelli, who has given much attention 
to this kind, by Yeates and others, We cannot 
enter into details of these elaborate instruments in 
these short notices. Cator’s pressure anemometer 
seems deserving of special attention. The resistance 
is obtained from levers in connexion with a cam, 
instead of the usual springs, and therefore must be 
more constant in its action. A circular pressure 
late, ve ley the wind by fan wheels, works the 
evers (which are under cover) by a wire. Both 
direction and fay are registered. 

From the Kew Observatory comes the balance 
anemometer constructed by Sir F. Ronalds in 1843. 
It consists of a light supported on a horizontal 
axis, which when acted upon by the wind tends to 
revolve, and the pressure upon if was determined 
by applying weights on the principle of the balance 
to bring i into the upright position. It has to be 
placed before the wind at each observation. This 
recalls Wild’s pressure-plate anemoscope, which is 
exhibited, a very old idea, but of very little value. 
The plate is suspended downward on a horizontal 
axis, kept to the wind bya vane, and its deflection 
from the vertical is indicated ona graduated quadrant. 
The construction is of iron roughly made, and 
apparently could be put in action only by very 
strong winds. Even if it acted it could not well be 
observed if fixed at a good height. We need make 
no remarks on those meteorological toys, known as 
Lind’s wind gauge, and its imitation Harris’s wind 
gauge. We never knew of any one who ever made 
useful observations with these portable instruments. 








THE EMPIRE TRANSPORTATION 
COMPANY. 

Tue Empire Transportation Company, a large 
and important association in the United States, is 
represented at the Philadelphia Exhibition by a 
very interesting collection in.a separate pavilion, 
45 ft. long and 35 ft. wide, with a small wing on 
each side. Within, a counter extends all round 
the building, on which are displayed the objects ex- 
hibited. ey consist of well-executed models of 
cars representing those used by the company, of lake 
steamers, and grain elevators, and a large number 
of details connected with the handling and _trans- 
portation of merchandise, One wing of the pavilion 
contains a large model of petroleum oil machinery, 
and the various processes of sinking shafts, erecting 
derricks, pumping and transporting oil are there 
exhibited. The o te wing contains an extension 
of this class. ey comprise an oil pumping 
station, railway sidings, and cars, showing the mode 
of filling the latter, and near by is a model of an 
underground receiving tank, and the terminal 
station arrangements for receiving and handling the 
oil. Around the walls are ranged maps, plans, and 
sections showing the extent of the company’s lines, 
its modes of working, and the localities and forma- 
tion of the Pennsylvania oil region. The State of 
Pennsylvania ted a charter to the Empire 
Transportation Company early in 1865, and shortly 
after it commenced operations, Its object was 
to increase the facilities of transport between in- 
land points west of the Philad elphia and Erie 
Railroad and the Atlantic sea-board. To effect 
this satisfactorily, running powers over no less than 
ten different lines were required, and the organisation 
was all the more useful, because although these 
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various lines had strong interests in common, they 
were at the same time invested with opposing in- 
terests which had created differences to the great 
damage of the railways themselves, and to the loss 
and inconvenience of the public. These differences 
had in fact grown to such an extent, that transport of 
freight from inland points over the route formed  ! 
the various companies was almost impossible. Eac 

railway worked independently, regardless of those 
connected with it. Contracts entered into between 
the public and one railway were disregarded by the 
controller of an adjacent line, which charged its own 
rates, chose its own time of delivery, ignored the re- 
sponsibility of damage, and permitted delays in 
transfer sometimes amounting to weeks. Under these 
conditions consignees could seldom obtain redress 
for damage suffered or delaysincurred. It was over 
these routes influenced by such conflicting interests 
that ‘the Empire Transportation Company com- 
menced in 1865 to run their own stock, acting as 
common carriers, and using the various railways for 
their p Before their time a similar organisa- 
tion, ae the title of the Union Line, had been 
working with much success, over some of the roads 
of the Pennsylvania Railroad Company. In 1873, 





17 in, wide, and having on it 154 buckets, each 
holding a quart, is lowered into the hold of the 
vessel ; motion is then im to the belt, which 
raises the grain to the top of the tower, and dis- 
charges it into the hopper of a weighing machine, 

Siok siedbanes off each 100 bushels; after this has 
been done the grain falls into a receiver below the 
floor level of the building. In this receiver is 
another belt, similar to that described, and by this 
it is raised into a large distributing chamber at the 
top of the house. By means of spouts, the grain is 
led from the chamber into the various bins, and is 
ready for transhipment into the cars. Underneath 
the bins on the ground level are laid two railroad 
tracks, and on each is a weighing table. When the 
cars are loaded, they are run upon the table and 
weighed, the operation being repeated after they 
are full 


The second elevator referred to is similar to the 
first, except that it contains 31 bins, and has a 
storage capacity of 100,000 bushels. ; 

The accompanying map shows the various lines 
of railroad over which the Empire Transportation 
Company runs, its lake routes, and the position 
of the oil districts it also accommodates. 






































the latter company purchased the rights ofthe Union| Regarding this latter branch of the undertaking, 
Line, and consoled its operations themselves. there are three sections of oil pipe lines owned by 
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In addition to acting as transporters of merchan- | the company. The first of these is known as the 
dise, the Empire Company, at an early period of its | Union Line, having 350 miles of pipe, and a pump- 
existence, purchased its first oil pipe line, at that | ing capacity of 800,000 gallons each 24 hours. The 


time a speculative undertaking which has since 
proved very successful, Later astill more important 
extension was made. When the Philadelphia and 
Erie Railroad had completed its connexion with the 
harbour of Erie, and thus joined with the navigation 
of the inland lakes, it was found that no profitable 
trade could be obtained, because Buffalo and Oswego 
were the recognised and established ports, and 
business convi rged in these two points. To enter 
into successful competition new and extended enter- 

rise was necessary, and the Empire Transportation 

ompany undertook the work. They built a new 
line of lake steamers, erected elevators, and con- 
structed wharves at Erie; offered inducements to 
shippers in lower freights, and larger guarantees of 
responsibility, and by this means gradually created 
a large and profitable trade for the new route. 

Thus gradually developed the Empire Transporta- 
tion Company possesses now 4500 cars running over 
the various railways. On the lakes it has twenty 
steamers, the largest of 1500 tons capacity, and the 
total carrying powers of which are 19,600 tons per 
trip, equivalent to 10,000,000 bushels of wheat each 
season. It has wharves and depéts in New York, 
New Jersey, Philadelphia, and Baltimere, and grain 
elevators in Philadelphia, Erie, and Baltimore. The 
elevators at Erie are 96 ft. long and 72 ft. wide, of 
timber, enclosed in brick walls, and with a slate roof. 
The buildings are 109 ft. high, with towers 194 ft. 
high. The structures rest upon piles enclosed within 
timber cribs. One of the elevators contains 47 bins, 
holding collectively 250,000 bushels, and the rate of 
transhipment is about 100,000 bushels per twenty- 
four hours. The mode of working is as follows: 
when a loaded grain shipcomes alongside the elevator, 
a movable jib, on which runs a belt 157 ft. long and 








second is the Titusville line, 45 miles long, and 
pumping 126,000 gallons per 24 hours. The third 
is the Olean line, 30 miles in length, and with a 
capacity of 55,000 gallons in a similar period. 

e pi ey for this purpose is generally 
of wrought iron, lap welded, and 2 in. in diameter ; 
the lengths are joined together with screw unions. 
The pipe is laid for the most part on the surface of 
the ground, except where it crosses roads, streams, 
or other places where protection is required. The 
main lines are laid as direct as possible from the 
centres of supply to the nearest railway unloading 
stage. Here they discharge into iron tanks, varying 
in capacity from 5000 to 20,060 barrels, and placed 
so high that their contents may gravitate into the 
oil cars, At various points along the line pumping 
stations are placed.- Besides the necessary pumps 
and engines, these stations comprise two tanks, each 
holding from 500 to 2000 barrels, a telegraph and 
clerks’ offices, &c. To these stations converge 
numerous lines of pipes leading from the different 
wells in the locality, these wells discharging into 
storage tanks from which the pipes are laid. Before 
drawing from these tanks, their contents are care- 
fully gauged and recorded, and this operation is 
repeated when the pumps from the main line station 
cease to drawfrom them. The difference in inches 
is then credited by the Transportation Company to 
the owner of the well, who receives a certificate, 
which is a negotiable document payable at sight by 
the company. On reaching the pumping station 
the petroleum from the various wells is mingled in 
one common stock. It may be mentioned here that 
the lines of pipe are laid over very irregular ground, 
in one instance there is an elevation of 968 ft. to be 


idea of the large amount of work done in this branch 
of the company’s business may be gathered from the 
fact that from the period when they first uired 
possession of the oil pipe lines to the 31st of h, 
1876, there passed into the main reservoir a total of 
375,810,500 gallons of crude petroleum. 

The cars into which the oil is loaded are of sheet 
iron, cylindrical, and closed up in all parts except at 
the manhole through which it is loaded. The 
capacity is about 3600 gallons. The method of 
loading is as follows, From the elevated tanks a 
main is led to a raised platform, built alongside the 
siding to which the receivers are brought to be 
loaded. At intervals, corresponding to the length 
of a car or receiver, the unions are attached to the 
main, and these carry movable branches, the ends 
of which can be led into the opening in the manhole 
of the receiver. A cock is placed at each union to 
control the flow of oil. 

The principal oil depét of the company is at 
Communipaw, New Jersey, where the cars discharge, 
and where large iron tanks are constructed for the 
reception of the petroleum. From this point to the 
refineries in New York, the oil is carried in bulk in 
tank barges holding from 1000 to 1500 barrels. 

The following figures will convey an idea of the 
growth of the Empire Transportation Company 
since it commenced its operations. During the first 
year its traffic movement amounted to 37,021,500 
tons carried over a mile, and during 1875 it had in- 
creased to 814,639,468 tons moved one mile. 








A NEW SYSTEM OF PERSPECTIVE 
DISPENSING WITH GEOMETRICAL LINES OF CONSTRUCTION, 
(Continued from page 191.) 

WE have now solved the fundamental problem 
involving the transformation of the three ordinates 
of a point in space into the two ordinates of its 
projection on the plane of the picture by means 
of a calculated table of reference, but the problem 
may be also solved instrumentally by employ- 
ing the two instruments we are about to de- 
scribe ; the first, the point finder, being employed in 
sketching from nature when the objects to be re- 
presented are distant or inaccessible, and the second, 
the perspectograph, when the dimensions of the 
natural objects can be obtained from ground plans, 
elevations, sections, actual measurement, or other- 


wise. 

In all cases the two ordinates x and z of the pro- 
jection of each point in space are laid down on the 
surface of the picture in the same way by means of 
the scale and offset as already described. 


Tue Point FINver. 


The working of this instrument is as follows: 
Having drawn a line horizontally across the paper to 
represent the horizontal line, and paccmand point 
upon it as the point of view, the instrument is set to 
zero, both on the horizontal and side vertical 
graduated arcs, and levelled by means of the small 
plumb-bob shown in the illustration attached to one 
of the side supports, the sights being at the same 
time upon any point in nature which may be chosen 
as the point of view; thesights of the instrument 
are then directed to any point in the landscape which 
it may be desirable to introduce into the picture, 
and this may be effected by the vertical and lateral 
movement of the horizontal disc and plate to which 
the sights are attached. The divisions and subdivi- 
sions indicated by the zero mark on the circular disc, 
and index on the side arc, indicating respectively 
the values of the ordinates z and z of the projected 
point are then read off, and the point laid down on 
the surface of the sketch or picture by scale and off- 
set in the manner descri There is a side 
graduated arc with an index on the circular disc 
which may be employed when a slightly increased 
scale is required, or the scale can be further in- 
creased, still using the same scale and offset, by 
multiplying the number of divisions and subdivisions 
read off from the graduated arcs by 2, 3, 4, or any 
other common multiplier. 

If the sketching block should be held in the hand 

without a rest it may be found most convenient to 

dispense with the offset, placing the edge of the scale 

to the horizontal line, for the first reading giving 

the value of the ordinate z, making a slight mark or 

crossing with the pencil at the point indicated, and 

then perpendicular to it for the second reading on 

the side are giving the value of the ordinate z. It 

may be well also in the first instance to select two 

points in nature to determine the lateral boundaries 





overcome by the pumpsin a distance of 14miles. Some 


of the sketch, marking the projections on the paper. 
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When a sufficient number of leading or guiding 
ints are determined by means of the instrument, 
the intermediate details can be easily filled in by 
eye. 
, THE PERSPECTOGRAPH. 

This instrument consists of two fixed rulers, one 
horizontal and the other vertical, at right angles to 
each other in the form of a T-square; a sliding 
ruler a has a lateral movement right and left along 
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graduations on the vertical ruler can be read off as 


the quadrant is moved upwards or downwards. The 
ethitie ruler ¢ is of metal with a sharp bevelled 
edge, and the graduations upon the fixed horizontal 
ruler, the sliding ruler or the revolving ruler, where 
the bevelled edge of the latter crosses the line of 
intersection of the two former, can be easily read 
off, but in doing so it will be necessary to take the 
divisional or subdivisional marks exactly at the 





THE POINT FINDER. 


and Z of the point in space which is to be perspec- 
tively projected above them, as in the former case 
when the calculated table was employed. We then 
bring the number on the ory | ruler corresponding 
to the value of the ordinate Y exactly opposite to 
the zero mark on the fixed horizontal ruler y mov- 
ing the former to the right. We then bring the 
quadrant to 10 on the vertical ruler, and the bevelled 
edge of the revolving ruler to the same number on 
the sliding ruler, and write the angle indicated on 
the quadrant by the rec index below the 
central double line in the place where the decimal 
number was written when the calculated table was 
employed. We then bring the direct index to this 
angle and clamp the revolving ruler by turning the 
screw. 

If the quadrant is then brought successively to. 
the numbers on the yertical ruler co nding to 
the values of the ordinates X and Z, the numbers 
on the fixed horizontal ruler exactly at the points 
where the bevelled edge of the revolving ruler 
crosses the line of intersection of the fixed and 
sliding horizontal rulers will in each case indicate 
the values of the ordinates ~ andz of the pro- 
jected point, to be written below the single 

orizontal lines to the left and right as before. 
The point is then laid down on the picture by scale 
and offset as already described. 

Taking example ] in which the ordinates X, Y, 
and Z are respectively 6, 5, and 4, we write them 
thus, 

6 


a 


5 


— 
— 


We then bring 5 on the sliding ruler to the zero 
mark on the fixed horizontal ruler, the quadrant to 
10 on the vertical ruler, and the bevelled edge of the 
revolving ruler to the same number on the sliding 
ruler, when we shall find the rectangular index — 
to the angle 33° 41’, which angle we write below 
the central double line, 

We then bring the direct index to this angle and 
clamp the revolving ruler, and bring the quadrant first 
to 6 and then to 4 ; it will be found that the bevelled 
edge of the revolving ruler crosses the line of inter- 
section of the fixed and sliding rulers in each case at 
the numbers 4.02 and 2.68, which numbers we 
write under the single horizontal lines as the values 
of the ordinates » and z. If the number on the 
vertical ruler to which the quadrant is to be brought 
is a decimal or very small, we multiply it mentally 
by 10; for example, if the number should be .5 we 
take it at 5., if 3. we take it at 30, &c., and work out 


4 


— 





the problem with the assumed numbers, recollecting 





the fixed horizontal ruler 4 and a graduated quad- 
rant d, a vertical movement upwards and down- 
wards upon the fixed vertical ruler c. 

To the quadrant d a revolving ruler ¢ is attached 
with two indices or poiriters f and g, by means of 
which the angles upon the quadrant can be read 
off ; the index / in line with the revolving ruler we 
shall designate as the direct index, and that at right 
angles to it, y, as the rectangular index, The rulers 
are all graduated upon the same scale, and at the 
base of the quadrant there is a small triangular 





opening and a central line 4, by means of which the 


THE PERSPECTOGRAPH. 


crossing of the line of intersection of the fixed and 
sliding rulers with the bevelled edge of the revolv- 


ing ruler. 
e working of the instrument in the transforma- 
tion of the ordinates X, Y, and Z, of a point in space 


into the ordinates z and z of its perspective projec- 
tion is as follows : 

Having drawn a line across the picture to repre- 
sent the horizontal line and assumed a point of view, 
we draw three horizontal lines, the centre line 
being double, on a sepatate piece of paper, tablet, 





slate, &c., writing the values of the ordinates X, Y, 





to divide the resulting value of # and z by 10 before 
writing them down; for example, if the resultin 
values‘should be 50. and 4.8, we write them 5. an 
.48. This enables us to deal with small numbers 
and very minute dimensions. 

In the present example when the instrument is 
used the ten would be expressed thus : 


ae yom 
33°41 


Te 
4.02 2.68 
(To be continued.) 
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SCIENOE EXHIBITS AT THE PHILA- 
DELPHIA EXHIBITION.—No. IL 


TE English scientific department is remarkable 
neither for the number nor variety of its exhibits. 
Few only of our leading instrument makers have 
eant over contributions, and these are pretty nearly 
all confined to meteorology, thermometry, and 
optics. Among the various groups, there are cer- 
tainly many instruments which in point of precision, 
completeness, and finish leave little to be desired, 
and are worthy both of the Centennial and the ex- 
hibitors themselves, ‘The quantity is certainly de- 
ficient, the quality in many instances is excellent, 

Among the most conspicuous of our exhibitors 
are Messrs. Negretti and Zambra. They show a 
numerous collection of their well-known meteoro- 
logical instruments, This includes a series of ane- 
roids, several of which are constructed for purposes 
requiring great accttacy. They are large in size 
sot are compensated for temperature. © believe 
the corrections were calculated by the Astronomer 
Royal, These instruments may be used to measure 
correctly heights not exceeding 8000 ft. Besides 
these, there are several of the kind known as the 
** watch aneroid ;” they vary in size from 1} in. to 
6.in. in diameter. Their readings are reliable 
within certain limits; most of them record exactly 
to 8000 ft, There is one of these diminutive ane- 
roids fitted up with com and thermometer which 
may be used for an altitude of 20,000ft. Among 
the most useful of this class of instruments is one 
that automatically records the fluctuations in atmo- 
spheric pressure that may take place during a given 
interval, It is somewhat bulky, carefully con- 
structed, and highly finished. It consists of a large 
aneroid and an eight-day clock. Between these is 
an upright revolving cylinder covered with a band 
of metallic paper, ruled to correspond to the inches 
and tenths of an inch of the usual barometer scale. 
A metallic rod is mounted close to the cylinder and 
is susceptible of an up and down motion according to 
the variations in the pressure on the vacuum chamber 
of the aneroid. At every hour the pencil, worked 
by a special piece of mechanism, marks the paper 
and thus leaves a record of the pressure of the atmo- 
sphere at that moment. 

Of thecommonerforms of the barometer, weshould 
mention a very valuable specimen of Fortin’s 
standard barometer as used at most meteorological 
stations; a gun barometer, so named by Admiral 
Fitzroy, because it is so packed that it is not affected 
by the firing of guns; a mountain barometer on 
Gay-Lussac’s system. This is the kind formerly 
used by travellers and found most convenient for 
hypsometrical estimates. The siphon shape is given 
to the tube, that affording considerable facility for 
changing in case of fracture. The scale is some- 
times graduated from the bottom upwards. The 
height would in this case be found by deducting 
the bottom reading from the top. Sometimes, 
however, the graduation starts from the middle of 
the tube, in which case it is plain that the height 
will be the sum of the two readings. ‘This form of 
instrument has fallen into disuse since the invention 
of the aneroid by M. Vidi, of Paris. We also find 
in this collection another useful hypsometrical ap- 
paratus, based upon the re le that the boiling 
point of water is lowered by diminished pressure 
and consequently also by increased altitudes. The 
apparatus consists of a carefully graduated thermo- 
meter, a small boiler, and a spiritlamp. At the 
sea level, and under a pressure of 29.905 in. of 
mercury, water is known to boil at 212 deg. Fahr. 
It has been further ascertained that the boiling 

int is lowered 1 deg. for every 550 ft. of altitude. 

3y observing the temperature at which the water 
enters into ebullition, the height of the station may 
be ascertained by a simple numerical operation. 

This collection further contains a large assortment 
of instruments used in thermometry, among which 
the patent maxima and minima are very prominent. 
Of the other exhibits belonging to this specialty, we 
shall mention a few of the most novel and important 
from a practical point of view. Conspicuous among 
theseisa thermometer specially adapted to therequire- 
ments of mining engineers, and constructed for re- 
gistering the temperatures of shafts, deep borings, 
&e. It does not essentially differ from the patent 
inaximum thermometer, It is lowered bulb upwards 
into the particular place the temperature of which is 
required, ‘The action of the instrument is as follows : 
Every rise of temperature will causea small quantity 


of mercury to fall into the bottom of the tube; no 
mercury can thus escape from the bulb unless ex- 





peiled by heat. Hence the inverted position does 
notinterfere with the correctness of the readin 
The graduation is just the reverse of that on the 

tent maximum thermometer, and this tends to 

ilitate the reading off of the recorded. temperature. 
A second thermometer, said to be very sensitive, is 
readily noticed by the peculiar form of its bulb. This 
is merely a continuation of the stem with slightly 
finer bore, and bent on itself several times so as 
to assume the shape of a gridiron. A considerable 
surface is thus exposed, and the variations in tempe- 
rature are more promptly shown. This thermometer 
would appear very serviceable in investigations on 
the temperature of the atmosphere at different 
heights. It was used by J. Glaisher, F.R.S., in 
several of his balloon ascents. Another exhibit of 
considerable theoretical interest is the. ‘‘ solar _radia- 
tion thermometer.” This consists of ja small ther. 
mometer with blackened bulb enclosed in a glass 
tube, which tube terminates in a large bulb.’ 
space between the two is rendered vacuous and asmall 
mercurial gauge shows the degree of exhaustion ob- 
tained. As the thermometer bulb is not exposed, 
all loss of heat by convection currents is rendered 
nil, This instrument seems admirably adapted for 
researches on the amount of solar radiation; and 
it is clear that its introduction into meteorological 
observatories must tend to greatly increase our 
knowledge on this useful question. ‘The last exhibit 
in this interesting collection which a our 
special attention is the ‘deep sea thermometer.” 
In the construction of an instrument for use at great 
depths, it is evident that besides some ingenious 
device to register the temperature at the maximum 
depth reached, it was further necessary to make pro- 
vision against the increased pressure, without how- 
ever interfering with the free transmission of heat. 
Both these requirements are beautifully realised in 
the deep sea thermometer. The bulb is surrounded 
7 a tube of thick glass; the intervening space is 
illed with mercury, a good conductor of heat. A 
very small space is left at the top to provide for the 
expansion of the mercury, either by increased heat 
or pressure ; for it is cbvious that when the outer 
casing is compresséd the volume of the inner space is 
proportionally diminished, and unless suitable room 
was allowed for the sion, the mercury would 
compress the inner and more delicate bulb, and 
thus vitiate thé readings of the instrument. The 
stem of the thermiometer is bent round in the form 
ofa siphon ; it'i6 of uniform bore throughout except 
at the top, where a considerable dilatation occurs to 
afford an easy passage for the mercury in its transit 
from one branch to the other; for as soon as the 
thermometer has reached the depth the temperature 
of which is desired, and that an upward motion has 
been communicated to the cord, the instrument im- 
mediately turns over on its centre, so that during 
half this revolution the bulb is uppermost, and 
during the other half it gradually moves round to 
its normal position. As soonas the thermometer has 
been tilted over, the mercury which has been driven 
out of the bulb by the heat of the surrounding 
stratum passes through the dilated portion of the 
tube, and falls down into the other branch of the 
siphon close to which is attached a scale, and in this 
way the temperature of the medium at the precise 
moment of turning is automatically determined. A 
sharp contraction similar to that found in the patent 
maximum thermometer cuts off the mercury in the 
bulb from that in the tube, so that none but the 
mercury expelled by the heat is transferred into the 
second branch. The rotary motion is imparted in a 
variety of ways, one of which may be described as 
consisting of a metallic rod, carrying a sort of fan at 
its distal extremity. This fan turns on a pivot in con- 
nexion with a second which carries the thermometer. 
The fan points upwards in its descent through the 
water ; but as soon as the upward movement begins, 
it necessarily reverses its position. These instruments 
have been used on board the Challenger, and with 
the most satisfactory results. 

The subject of hygrometry is illustrated by two 
very beautiful and very carefully made models, one 
of Daniell’s and the other of Regnault’s hygrometer. 
The models here exhibited do not differ in any de- 
tail from the forms described in most manuals 
of physics. rar | the other. instruments of 
Messrs. Negretti and Zambra, we may mention a 
large binocular microscope (a finished specimen of 
workmanship), a dissolving view apparatus, two 
sextants, a thcodblite, and an anemometer on Dr. 
Robinson's system, better known as that of the 
hemispherical cups. 

The collection of J. H, Dallmeyer does not 








contain models belonging to such a variety of 
subjects as. that which we have just described. The 
instruments are chiefly of an optical character. The 
most valuable is an astronomical telescope, the tube 
of which is 6 ft,4in. It is mounted equatorially, 
and driven by clockwork. There is a second tele- 
scope, a universal portable equatorial, with a tube 
4 ft. long, a beautiful transit instrument with a tube 
of 20 in., and a binocular miscroscope with very fine 
adjustments and object glasses from 2 in. to y in, 
Besides, these the collection contains a very large 
number of photographic lenses of all sizes, and two 
cameras 12in. by 10 in. and 9 in. by Yin. The 
formét is for out-door photography, and the second 
is what may be called a universal studio camera. In- 
terspetsed with these instruments are large-sized 
astronomical photographs remarkable for their great 
clearness and precision. The principal of these are a 
photograph the sun showing spots and feculz, 
and another of the solar corona, showing the pro- 
tuberances ‘noticeable during eclipses. These were 
taken with #4 in. rapid rectangular lens, ‘To these 
we may add six beautiful positive copies of the sun 
taken in the Russian observatory of Wilna by Dall- 
meyer’s -heliographic process. They were taken 
in 1870, at the period when the solar spots are most 
numerous, viz., September 19th, 2lst, 23rd, 25th, 
26th, and 27th. 

Mr. J. J. Hicks, of Hatton Garden, has a 
numerous collection of instruments chiefly intended 
for meteorological purposes. It includes barometers 
of various sizes and patterns, two self-registering 
barometers, and a solar radiation thermometer 
similar to those described above; thermometers 
with spiral and Gidiron bulbs, an electric alarm 
thermometer, and about a dozen of the ubiquitous 
radiometers, There are two other instruments in 
this group which deserve a brief notice. The first 
is an atmidometer, or apparatus for measuring the 
rate of evaporation from ice, snow, or water. In 
appearance it resembles an ordinary hydrometer of 
variable immersion. The stem, however, is gradu- 
ated, the graduations denoting grains and half 
grains, and is surmounted by a light shallow copper 
capsule. To use the instrument, it is placed in a 
cylindrical jar nearly fall of water and covered over 
at the top. This cover is perforated to allow of the 
insertion of the stem. The cOpper capsule is now 
fitted in the stem, and water is poured into it until 


‘the zero of the scale exactly reaches the surface of 


the water. It is plain that a8 evaporation proceeds 
the stem will rise, and that the velocity of evapor- 
ation may be ascertained by noting the time it takes 
the stem to rise, say from 6 to 25. This number of 
grains divided by the time in minutes will give the 
rate in grains per minute. This apparatus is com- 
monly known as Babington’s atmidometer. The 
second instrument above alluded to is Stutter’s self- 
recording rain gauge. The centre of the cylindrical 
vessel is occupied by an eight-day clock, its upright 
spindle carrying a small funnel with a horizontal 
tube which is made to revolve once in twelve hours. 
In the course of its rotation it passes successively over 
twelve small compartments corresponding to the 
twelve hours of the day. The compartments are 
funnel-shaped and open at their lower extremity into 
small chambers. The rain is received into a large 
outer funnel, whence it drops into the inner revolv- 
ing one by which it is directed into the chamber 
corresponding to the hour. Each chamber is capable 
of containing half an inch of rain—any overflow 
that may occur is received into a vessel placed be- 
neath. The hour of the overflow is shown by the 
chamber which is full of rain-water. This apparatus 
is simple and inexpensive, and we believe that it 
gives reliable readings. 

Mr, J. Beck, London, exhibits three specimens of 
Iceland spar, the largest of which is nearly a cube 
of three inches’ edge. Mr. E. Wheeler has a large 
and very fine assortment of microscopic preparations. 
The reputation already enjoyed by Mr. Wheeler in 
this specialty cannot but be further increased by 
this beautiful collection. 

There are yet several other well-known houses 
which make a good display of photographic lenses, 
cameras, microscopes, stereoscopes, dissolving views, 
&c., all of which tend to enhance this section of the 
Centennial, and to convey a favourable though faint 
impression of the skill and workmanship of British 
scientific instrument makers. 








VIRGINIAN Mecuanicat Inpustry.—The Atlantic Iron 
Works, near Norfolk, Virginia, have been leased by a New 
York manufacturer, whe kas piochunss the machinery, and 
who is said to be backed by a company of northern capitalists 
interested in shipbuilding. 
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PATENTS.—No. X. 
NOTES FOR THE GUIDANCE OF INVENTORS, 
By W. Lioyp Wisz, A.LC.E. 
BAVARIA, 

Extent—29,347 square miles, 

Population—5,024,832. 

Products — Manufactures — Remarks. — Bavaria, 
which is divided into eight circles, is covered to a 
very large extent (upwards of 6,000,000 acres) with 
forests consisting chiefly of pine and fir trees. The 
productions include barley, buckwheat, hops, maize, 
oats, rice, rye, wheat, &c. The chief minerals are 
coal, iron, manganese, pyrites, and salt. There are 
also small quantities of black-lead, copper, and 
mercury. Salt is a royal monopoly and brings in 
a considerable revenue, ‘There are a considerable 
number of coal mines and iron works in operation, 
partly the property of the Crown. 

The porcelain clay of Bavaria is probably the 
finest in Europe. The manufactures are important 
and numerous, amongst them being beetroot sugar, 
cotton goods, glass, iron, leather, lead pencils, 
Nuremberg wares, paper (important), beer (im- 
portant), porcelain, printing machinery, salt. (im- 
portant), Schweinfurth green (colour), tobacco, 
ultramarine, vessels for river and canal navigation, 
woven fabrics, and wooden ware. There are also 
about 2000 sawmills. Beer, glass, grain, ironware, 
jewellery, hops, leather, nails, needles, and wine are 
landiy exported. 


The chief towns of the several divisions are for 


the most part of some commercial or manufacturing 
importance. Munich (the chief town of Upper 
Bavaria! and capital of Bavaria) is celebrated for 
brewing, weaving, the manufacture of machinery, &c. 
The optical, mathematical, surgical, and musical 
instruments manufactured here have a high reputa- 
tion on the Continent. Passau (Lower Bavaria), 
and Ratisbone (Upper Palatinate and Ratisbone), are 
places of commercial rp seerves and Bayreuth 
(Upper Franconia), and Wurzburg (Lower Fran- 
conia), are places of some importance in a manufac- 
turing sense. Nuremberg (Middle Franconia) is a 
manufacturing centre noted for machinery, tobacco, 
and paper, and Augsburg, the chief town of Swabia, 
is celebrated for machinery, cotton spinning, weaving, 
paper making, goldsmiths’ work, jewellery, clocks, 
&c. Cotton spinning is also carried on at Hof, 
Kempten, and Schweinfurth, shipbuilding along the 
Danube, &c., brewing at Culmbach and Bamberg, 
the manufacture of tobacco at Erlangen, Rheinpfalz, 
and elsewhere, and that of glass at Theresienthal 
and other places, notably at Amberg, where are the 
most important glass works in the kingdom. Here, 
also, there are considerable iron mines, as well asa 
royal small arms factory. The manufacture of 
gloves is carried on especially at Bamberg, and that 
of cloth to some extent at Kaiserslautern, as is also 
the manufacture of porcelain. At Solenhofen there 
is a very fine quarry of lithographic stones, In 
Lower Franconia there are several mineral springs, 
the most important being at Kissingen, Bocklet, and 
Bruckenau, The waters of Kissingen are acid and 
chalybeate, a vast number of bottles filled with 
them being annually exported. Near Kissingen, 
also, a great deal of salt is obtained from saline 
springs. 

Bavaria is a good field for inventions relating to 
the brewing of beer. 

The soil is generally good, and in the valleys and 
plains it is very fertile, producing all kinds of crops. 
A great deal of waste land has been reclaimed, and 
an improved system of agriculture was some years 
since introduced and widely adopted. The Govern- 
ment was very zealous in promoting this improve- 
ment, and has also done a great deal towards effect- 
ing the drainage of large tracts of marshy lands. 
The canals are numerous and extensive ; the prin- 
ney the Ludwig, which joins the Danube and 
Rhine, and_.is about 112 miles long, that of the circle 
of the Isar, that between Worth and Knitlinger, 
62 ft. wide, and the Rosenheim 36 ft. wide. 

There were, according to a return now some years 
old, about 3465 kilometres of railways, which cost 
700,000,000 marks, paying about 4 or 44 per cent. 
The railways in Bavaria belong chiefly to the Go- 
vernment. The line between Nuremberg and Furth 
was the first railroad upon which locomotives were 
used on the Continent. 

Laws, &c. relating to Patents—General enact- 
ments providing for the issue of patents, and for the 
protection of the rights of patentees, and contained 
in Articles [X. and XI. of the Commercial Law 
of the 11th September, 1825, since confirmed by a 





Law of 30th January, 1868, Rules dated 17th 
December, 1853, and 4th December, 1875. 

Code of rules contained’ in ph 8 of ‘the 
Commercial Instructions (‘‘ Gewerbs-Instruktion”) 
of the 21st April, 1862. 

These rules have in all essential particulars been 
framed on the basis of an agreement concluded 
between the states of the Zollverein on the 21st of 
September, 1842. 

Grantee of Patent.—Patents are granted to natives 
or foreigners. The patentee may be the actual 
inventor, or his assignee, or the patent may issue 
to the actual inventor and another person (or other 
persons) jointly. 

An article known as the invention of the subject 
of another state of the Zollverein, and being already 

tented in that state by such a subject, may only 

tented for importation by the inventor himself 
or hi ealees; poem the respective Government 
grants reciprocal advantages. 

In general, subjects of foreign states granting 
reciprocal advantages are to be treated like Bavarian 
subjects in the granting of Letters Patent, and the 
protection of the rights resulting therefrom; but it 
must not be understood that the delivery of a patent 
in a foreign country will entitle the patentee to a 
Bavarian patent, On the contrary, such grant is 
always subject to royal approval. Not only so, but 
the grant may be refused under very unsatisfactory 
circumstances, as will hereafter appear. 

Kind of Patent —Subject Matter, §c. — Letters 
Patent may be granted for discoveries, inventions, or 
improvements in arts and trades, whether they con- 
cern a new article, a new means, or a new process 
of manufacturing; (@) whenever the object itself 
is new and original, or whenever the alteration con- 
tains a new and peculiar feature; and (4) when- 
ever the said object is of such importance as to give 
to the invention or improvement a character of 
public utility. A Patent of importation may also be 
granted for a discovery, invention, or improvement 
made abroad ; (c) whenever the general conditions 
mentioned in a and 6 are fulfilled ; and (d) whenever 
the article to be patented is still protected by one 
patent abroad. 

The invention forming the subject matter of 
Letters Patent must (save in cases such as above 
referred to under @) not have been already practised, 
onsale, or known in any other way, or have been de- 
scribed by text or drawings, in public works of the 
country or foreign countries, whether such works be 
in the German or foreign languages, in such manner 
as to enable the article to be manufactured by any 
competent person. 

Searches—Official Publications, §c.—A register of 
all patents delivered is kept open at the Ministry of 
Commerce and Public Works, and in every pro- 
vincial chief town. 

The register contains the Christian and surname, 
profession, residence, or place of abode of the 
patentee, and respectively those of his representa- 
tive, the day and hour of Fo ongave oir the day 
when delivered, the object of the patent, the term 
for which it was issued, particulars of mutations, 
notice of annulment, or expiration. 

Any persons who can prove to be interested in 
the matter (and especially petitioners for patents) 
are allowed to inspect the register. 

All specifications, drawings, os models, or 
patterns belonging to the patents delivered, are kept 
at the same ministry, in a particular department. 

Those specifications and annexed documents may 
be inspected by the public, unless it be contrary to 
police regulations, whenever those specifications 
refer to patents that have become extinct, and when- 
ever patentees require to have them published in 
that way before the expiration of their patents. 

All grants and prolongations of Letters Patent 
are published in the Official Gazette, together with a 
general indication of the object, name, and residence 
of the patentee. After a patent has become extinct, 
the description of the object is made known when- 
ever it may be of service to the public. 

Application ir Patent—Procedure—Costs, §c.— 
On applying or a patent, a petition and complete 
specification of the invention in the German lan- 

e have to be addressed directly or indirectly to 
the Ministry of the Interior, together with the amount 
for taxes and stamp duty according to the term 
applied for. The petition must correctly state the 
Christian and surname, profession or calling, and 
address of the petitioner, and when the petitioner 


isa foreigner, the Christian and surname, profession, 
and address of his representative in Bavaria must be 
given, The title of the invention, and the number 





of years for which the patent is demanded, must 


also be indicated, 

Tn the case of ‘an. invention of a complicated 
natare, it is well to apply at once for a patent of 
several years’ duration, to obviate difficulties with 
respect to the requirements hereafter set forth as to 
working the ot juga ma Mtge 

The specification must contain a detailed, com- 
plete, and true description of the invention or im- 
provgms at, and gf i presen tact in adhe pew a 
jure, ani vely in its application,. and when- 
ever " hited for the sake Ot Eldarrien, "precise and 


correc wings, plans, models, or patterns must 
also be produced, "ME soeitedea” end annexed 


documents must likewise contain the precise claims 
made as to the novelty and original c of the 
invention. " 

Specifications may be annexed to the petition in 


an open or sealed form, ‘at the option of the 
petitioner. rap: edge 

The petition and the annexed description must 
agree; neither another object nor the same object 
can be patented more extensively than is pointed 
out by the specification, ° ~ki 

Petitions for patents of importation must be 
accompanied by the Letters Patent previously 
obtained abried, or a legalised copy thereof, 

A stamp duty of six marks must accompany the 
petition, and the taxes to be paid will se or upon 
the term applied for, being at the rate of 45 marks 
for one year, 54 marks for two years, 72 marks for 
three years, 90 marks for four years, 108 marks 
for five years, 126 marks for six years, 162 marks for 
seven years, 190 marks for eight years, 234 marks 
for nine years, 270 marks for ten years, 315 marks 
for eleven years, 360 marks for twelve years, 405 
marks for thirteen years, 450 marks for fourteen 
years, 47] marks for fifteen years, 

Petitions and the annexed specifications are 
marked with the precise day ‘and ‘hour of their 
delivery, and a certificate is given which is deemed 
evidence of the applicant’s prior rights. 

Applications are always officially opened and in- 
spected before the patent is granted, care being 
taken, however, to guard against premature pub- 
lication, No notice is taken of petitions which 
do not fulfil the essential requirements above set 
forth as respects novelty, or which are not accom. 

anied by a specification, or the taxes and stamp 
uty; neither do such petitions establish any prior 
right for the petitioner. 

It is provided that whenever the annexed descrip- 
tion is found to be defective it shall be returned for 
completion to the petitioner, whose prior rights shall 
be protected during a strictly proper time. 

etitioners have ‘themselves to guarantee the 
novelty and original character of their inventions. 

It is the duty of the Ministry of the Interior to 
institute a Bratiyinary examination as to the novelty 
and original character of every invention sought to 
be patented, and as to its eeprs utility ; but such 
examination does not preclude the personal guaran- 
tee of the patentee. ‘I'he examination is made by a 
technical commission. 

Letters Patent are refused when it appears (1) 
that the preparation of the new manufacture or the 
application of the new means or process of manu- 
facture cannot be permitted for salutary or sanitary 
reasons, or because they endanger the common weal, 
or, finally, because they are contrary to éxisting 
laws and regulations; (2) that the object of a 
patent is not new or original; (3), that the in- 
vention does not fulfil the requirements of public 
utility ; (4) that the grant would be contrary to 
Section 174 of the rules for the execution of the 
organic law regulating trades, dated December 17, 
1853, which rule provides that articles known as the 
invention of the subject of another state of the 
Zoliverein, and being already patented in that state 
by such a subject may only be patented for importa- 
tion by the inventor himself, or his assignee, pro- 
vided the respective Government grants oe 
advantages ; (5), that the same article has already 
been patented previously in Bavaria, 

Usually the authorities are in the habit of dealing 
liberally with applicants for patents, but this prac- 
tice is not invariable. 

In one case which came before the author’s notice 
the patent was refused on the broad and general 
ground thatthe invention did not comply with the re- 
quirements of the code of rules, Section 91 (a 4), of 
April 21, 1862, and that therefore the patent de- 
manded could not be granted. In other words, the 
authorities alleged that the invention for which a 
patent was sought was not new and original, and of a 
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nature so im t as would be likely to prove of 
public benefit. Yet as a matter of fact the invention 
was one ing great merit, as had-been ascer- 
tained by actual tests. It was also one of undoubted 
novelty. The petitioner a) ed and requested to 
be furnished with yes of the grounds upon 
which the Royal Technical Commission disputed 
the novelty and public utility of his invention, but 
he met with a point-blank refusal. It seems diffi- 
cult to conceive anything more unjust and unreason- 
able. It will be evident that nq opportunity was 
afforded for submitting arguments in answer to the 
objections on which the refusal was based. Happily 
such an assumption of self-sufficiency on the as 
examining authorities is—save in the case of i 
—extremely rare, if not] unknown, and it does not 
Soauenty occur in Bavaria, 

en two or more persons claim exclusive rights 
in respect of the same invention or improvement, 
priority is given to the party who first petitioned. 

No patent of importation will be ted fora 
longer period than that during which the article 
sought to be patented is protected abroad. 

Nature of Grant—Duration—Conditions—Cost of 
Maintenance, §c.—A document is delivered for every 
patent, stating eae the object of the patent, 
the exclusive right granted, and the number of years 
for which it is ted. No patent is granted for a 
longer period fifteen years, 

atentees are entitled to restrain other parties 
from manufacturing and working, and respectively 
applying the article for which the patent has been 

ted, unless such parties have obtained permission 
San the patentee to manufacture, work, or apply the 
tent article, or unless he has himself provided it. 
Potters Patent do not give a right to prohibit or 
limit the importation of articles corresponding with 
the patent article, or the sale and disposal of the 
same, or to interdict the use of such articles when- 
ever they have not been procured from the patentee, 
or from other parties without his consent, unless 
the object of the invention be anew manufacturing 
process, a new means of manufacturing, or a new 
machine, or a new instrument for manufacturing and 
industrial pu 8, in which case Letters Patent 
grant an illimited right to prohibit the use of the 
patent method or means or patent machines or tools 
to such parties as have not acquired the right thereto 
from the patentee, or procured the patent article 
from him. The patentee of an improvement on an 
article already patented is not entitled to use the 
subject of the prior patent without a license from 
the owner of that patent. 

Patentees are entitled to erect any number of in- 
dustrial establishments and to engage workmen for 
the exercise of their patent rights, with a due obser- 
vance of existing laws, ordinances, or police regu- 
lations. 

Patents become inoperative (1) whenever, after 
the delivery of the letters patent, there appears one 
of the reasons for annulment above stated, under the 
sub-sections 1, 4, and 5 of the statement of grounds 
on which patents may be refused; (2) when it is 
made to appear that the invention did not comply 
with the requirements of the law as to novelty. On 
this point, however, it is to be remarked that the 
fact of the invention having been previously known 
to single individuals, but kept secret by them, will 
not invalidate the patent—it will only render the 
patent inoperative as against the parties in question ; 
(3) whenever a material part of the invention or 
improvement has been omitted from or misstated in 
the specification; (4) whenever the invention has 
not been duly worked, as hereinafter explained ; 
(5) whenever the working has been unduly inter- 
rupted; (6) whenever prior foreign patents become 
void ; (7) through renunciation ; (8) in case of non- 
compliance with the requirement as to recording 
mutations; (9) by the expiration of the legal term. 

Prolongations.—Patenta obtained for less than 
fifteen years may be prolonged from time to time, 
provided however that the total duration shall not 
in any case exceed that term. The Letters Patent 
are presented with the application for prolongation. 
The tax for the new term demanded must be paid on 
applying for the extension. It is calculated at the 
progressive rate hereinbefore mentioned. 

Working — Assignment — Licenses, §c.— The pa- 
tentee is bound to work his invention in Bavaria 
within three years from the date of the patent, or in 
case of the patent being granted for less than six 
years, within the first half of its term. The owner 
of a patent of importation must work the invention 
within one year. In each of these cases the working 
has to be duly proved before the Ministry of the 





GOODS LOCOMOTIVE AT THE PHILADELPHIA EXHIBITION. 
CONSTRUCTED AT THE BALDWIN LOCOMOTIVE WORKS, PHILADELPHIA, U.S.A. 
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Interior. Moreover, the working of the invention 
must in no case be interrupted for the space of two 
years, 

By working is meant that either the construction 
of the patented object or its use or application must 
have taken place in Bavaria, The first working 
within the prescribed period from the date of the 
patent has to be proved to the Ministry of the In- 
terior, and it is advisable to duly prove the continued 
working, though as a matter of fact it is not the 
practice of the ministry to publish the annulment 
of a patent simply because proof of continued work- 
ing has not reached them. 

_Where a patentee finds himself unable to comply 
with the conditions of his patent by working the 
invention within the prescribed time, he may on 
petition obtain an extension of the time. 

Patentees may assign their patents to or form 
partnerships with others, with a due observance of 
the existing laws and ordinances. However, patents 
cannot be divided as to the rights inherent in them, 
or to the places where they are to be worked. In 
case of the decease of a patentee, the patent passes 
to his heirs, All mutations of property are to be 
declared at the ministry within three months. 

Infringement — Litigation. — Infringements of 
patents or patent rights may be prosecuted by 
private individuals as well as i. the Government, 
according to Article [X. of the Law of September 
1], 1825, for regulating trade. At the same time, it 
is left open to the injured party to claim damages. 

Infringements of patent rights are punishable by 
fines varying from 100 to 500 gulden (8/. to 40/. 
circa), one-half of the fine inflicted being allotted 
to the patentee, the other to the poor of the parish 
where the infringement may have been detected. 








The article or articles manufactured in violation of 
the rights of the patentee are confiscated for the 
benefit of the patentee. 

All questions about patent rights, their extent 
and extinction, and all disagreements among 
patentees, and others coming under administrative 
or police regulations, are disposed of summarily by 
the local police courts ; anak coat are to find out 
the points that bear on the case by examination, 
and independently from the interested parties. 

_A single appeal is allowed from a lower to a 
higher court. All appeals must be lodged at the 
higher courts within a prescribed time, either in 
writing or by verbal statements taken before the 
court, The solicitors engaged by the parties are, if 
they wish, allowed to inspect the Acts. The term 
allowed for appeals begins from the day of the pub- 
lication of the first judgment, of which the interested 
parties are —— informed at the delivery of the 
judgment. Appeals are accompanied by suspensive 
measures; moreover, exceptional provisions may be 
made whenever they appear to be required by the 
existing laws and ordinances. The judgments of 
both courts are accompanied by a statement of the 
reasons for the decision. The deliberations of the 
higher court take place in pleno. Appeals from the 
higher court are not allowed. Reversions of judg- 
ment can only take place according to Section 225. 

Disputes about the property of patents derived 
from private titles are settled before a civil court. 
The question of damages is settled according to 
existing general laws and ordinanceg, 








Russtan CoaL.—The Donetz territory, which is said to 
be the largest coal basin in the world, is expected to be 
traversed by a railway in the course of the present year. 
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LOCOMOTIVES AT THE PHILADELPHIA 
EXHIBITION.—No. IV. 

Tue locomotive which forms the subject of our 
two-page engraving this week, and of which we 
give end elevations and sections on pages 226 and 
227, is ‘one of which we gave a small scale general 
view on page 484 of our last volume. As we then 
pont Hod the ‘* Consolidation” type of engine which 
has become so popular a class in the United States 
for working very heavy traffic, originated in an 
engine bearing that name constructed at the 
Baldwin Locomotive Works in 1866 for the Lehigh 
Valley Railroad. ‘The ‘ Consolidation” was built 
to the plans and specification of Mr. Alexander 
Mitchell, the locomotive superintendent of the 
Mahanoy division of the Lehigh line, and the engine 
was intended for the Mahanoy incline, which has a 
gradient of 1 in 39.7. On page 485 of our last 
volume we gave particulars of the working of these 
engines on the incline just mentioned, and also on 
other parts of the line. 

It will be seen from our illustrations, and from 
the Table of leading dimensions given on our two- 
page engraving, that the engine forming the subject 
of the present notice is of an exceedingly powerful 
type. The cylinders being 20in. in diameter with 
24 in, stroke, and the coupled wheels 50} in. in dia- 
20°*24 — 190.6 1b. 
50.375 
per each pound of effective pressure per square inch 
on the pistons. The boiler pressure is 130 lb. per 

uare inch, and with an effective pressure of four- 
fifths this amount in the cylinders the tractive force 
exerted would be 19,8221lb, ‘This force, however, 
would be equal to about 22.5 per cent, of the load 
on the coupled wheels, so that it would only be 
under very feseumble circumstances that the adhe- 
sion would be sufficient for it to be utilised. 

The engine has four pairs of coupled wheels, and 
a two-wheeled Bissell truck at the leading end. 
The springs of the three hinder pairs of coupled 
wheels are connected by compensating beams, while 
the links at the front ends of the springs of the 
leading pair of coupled wheels are connected by a 
transverse beam, from the centre of which a con. 
nexion is made to a compensating beam extending 
to the Bissell truck. ‘This last named compensating 
beam has its fulcrum attached to the cylinder cast- 
ings under the smokebox, as shown in Fig. 4, page 
227. This arrangement of compensating beams 
causes the engine to be carried, practically, on three 
points, 

As regards the construction of the frame little is 
to be said. As will be seen from the engravings, 
the frame is of the regular bar type adopted in the 
United States, and there is nothing about it or 
about the fixing of the cylinders to call for special 
remark. ‘The link motion is of the ordinary lifting- 
link type, the motion being communicated to the 
valves by rocking shafts, as is usual in American 
practice, and the expansion link being hung from 
one side only, an arrangement which is very apt to 
give rise to undue wear. The slide valves have a 
much longer travel in proportion to their lap—the 
travel and lap being of in. and } in, respectively— 
than is adopted in English practice, and the steam 
is thus admittei very late in the stroke when the 
engine is in full gear. 

‘The boiler is constructed for burning anthracite 
coal, and has an enormous firebox fitted with the 
arrangement of water tube grate of which we have 
already spoken in previous articles of this series. 
The dimensions of the grate and heating surface of 
the engine under notice are given in the Table in 
our two-page engraving, and the proportions are as 
follows : 


meter, the tractive power is 


Ratio of firegrate to heating surface ... 1 : 51.79 
a flue area to firegrate surface... 1: 6.87 
io least sectional area of chimney 
to firegrate area... Te Fe A 

- firebox surface to external tube 
surface ee sed ; 1: 10.1 

Number of internal diameters in length 


of tubes ... oes od ees es 73.3 

The constructive details of the boile:, the patterns 
of the fittings, and the mode of staying are similar 
to those of other engines by the same builders, 
of which we have already given descriptions. We 
may point out, however, that the present engine 
well ilinstrates the extent to which cast iron is used 
in American locomotive practice. Thus the top of 
the steam dome, the internal and external steam 
ipes, the base and top of the chimney, the smoke- 
front, the smokebox door, and the slides at the 
bottom of the ashpan, are all of cast-iron, as are 
also the wheels, the coupled wheels having steel 


tyres. The chimney it will be noticed has a slight 
taper, it being 1 ft. 4} in. in diameter at the bottom, 
and 1 ft. 6 in. at the top, while the sparks are arrested 
by a wire screen within the smokebox. Two cast- 
iron pipes enlarged at their lower ends extend from 
near the bottom of the smokebox up through this 
screen, as shown. ‘The blast nozzle is adjustable. 

We have said that on page 485 of our last volume 
we gave some particulars of the performance of the 
engines we have now been describing. It will be 
unnecessary that we should repeat these details here, 
but we may refer to two of the performances as 
enabling the horse power developed by these en- 
gines to be approximately calculated. ‘Thus on one 
part of the line with a gradient of 76ft. per mile or ] in 
69.5, the usual load taken up by one of these engines 
is a train of 100 empty four-wheeled trucks weigh- 
ing 340 tons, the maximum load being 140 such 
trucks, and the speed eight miles per hour. Taking 
the weight of the engine and tender at 65 tons we 
shall thus have a total load 340+65=405 tons. 
The resistances may be approximately estimated as 
follows : 


Ib. 
Friction of engine=45 tons at 18 lb. per 
ton — eee ae ~~ a 810 
Friction of tender and train=360 tons 
at 8 lb. per ton eee ne .. = 2,880 
Resistance due to gravity =x" ~~ - 13,053 





Total ... aa ie 16,743 
The speed being eight miles per hour, or 704 ft. per 
minute the work done under the above circumstances 


16,743 x 104_ 357 horse power, or one 


33,000 
horse power for every 3.6 square feet of total heat- 
ing surface. 

On another division of the Lehigh line between 
Sugar Notch and Fairview is an incline of 1 in 55, 
extending for a length of twelve miles, and having 
curves over the whole length, with the exception of 
two pieces of straight, each less than a mile long. 
Up this gradient the usual load of the ‘ Consolida- 
tion” engines is a train of 35 loaded coal wagons 
weighing 3 tons 8 cwt. each, and carrying each 
6 tons of coal, the total load hauled being 
thus 329 tons, and being taken up at twelve miles 
per hour. Adding 65 tons for the engine and tender 
we have a gross load of 329+65=394 tons, and 
taking the resistances as before, without any extra 
allowances for the curves, we have in this case: 


is equal to 


Friction of engine=45 tons at 18lb. Ib. 
perton ... ae a nd sas 810 
Friction of tender and train=349 tons 
at 8 lb. per ton ... pi =e ue 2,792 
99. 
Resistance due to gravity =994X2240 16 046 
55 





Total owe bee us ood 19,648 

The speed in this case being 12 miles per hour, or 
19,648 x 1056 _ p99 
33,000 

horse power, or | horse power for every 1.96 square 
feet of total heating surface. These performances 
are of much interest, and we shall be glad to re- 
ceive complete details of the fuel consumptions and 
general working expenses of the engines by which 
this work is being done, 


1056 ft. per minute we have 








ON THE STEERING OF VESSELS. 
Report by Committee appointed at Bristol, 1875, consist- 
ing of Sir William Thomson, Mf. J. R. Napier, Mr. 

William Froude, and Professor Osborne Reynolds.* 
Ar the meeting of the British Association in Bristol 
last year, a paper was read by Professor Osborne Reynolds, 
in which it was shown from experi ts upon models, that 
in a screw steamer when the screw is in motion, the direc- 
tion in which the rudder tends to turn the ship depends on 
whether the screw is driving ahead or astern, and is in- 
dependent of the actual motion of the ship through the 
water ; for instance, if when a ship has headway on the 
screw is reversed, then the action of the rudder will be the 
same in direction as that of a ship going astern; or if 
the ship have sternway on, and the screw be started to 
drive her ahead, then the rudder will act as if she were 
going ahead. 

After the discussion of the paper, Mr. James R. Napier, 
Sir William Thomson, Mr. v Froude, and Professor 
Reynolds were appointed a Committee to carry the inves- 
tigation further, and particularly to ascertain if the same 
results were obtained when the experiments were made with 
full-sized ships. This Committee accordingly applied to the 
Admiralty and to private shipowners to aid ~ be in carrying 
out the necessary experiments. 

The following were the trials requested : 

* Trial L—That when the ship is going full speed ahead, 
the screw should be suddenly reversed and the rudder put 
hard over, as if to turn the ship to starboard of her course, 


* Read before the Mechanical Section, British Associa- 

















tion, Glasgow meeting. 





and careful notice taken as to the way in which the ship 
turns before all headway is lost. 

‘Trial IIl.—The same repeated with the rudder ‘set in 
the opposite direction. 

‘Trial III.—That when the ship is going fast astern, 
the screw should suddenly be started to drive her ahead, 
and the rudder put hard over to the same side as in 

ial I 


rial I. 

** Trial IV.—Trial III. repeated with the rudder in the 
opposite direction. 

** Trial V.—That the ship should be driven full speed 
ahead, the rudder kept amidship, and notice taken as to 
the direction in which the ship turns under the action of 
the screw. 

“Trial VI.—That the ship should be driven full speed 
ahead, then the screw reversed, the rudder being kept 
amidships, and notice taken in which direction the ship 
turns.”’ 

After sending the circular the Committee received a com- 
munication from the Secretary to the Admiralty to the effect 
that the Admiralty had ordered the experiments to be made, 
and that the result should be forwarded to the Committee. 
As the result of their application to private owners the 
Committee obtained the use of three vessels upon which 
the following trials were made : 


Experiments made with the Valetta, belonging to the 
Earl of Glasgow, Captain R. Hunter, on the 6th of 
June, between Wemyss Bay and the Island of Cumbrae, 
in the Firth of Clyde. 


The Valetta measured 80 tons, and was drawing during 
the trials 5 ft. 6 in. forward and 6 ft. 6 in. aft. Her screw, 
which is right-handed, is 5 ft. 6 in. in diameter, and during 
the trials was immersed about 1 ft. ; it is three-bladed, and 
has a pitch of 8 ft. 6in. When at full speed the Valetta 
makes about 9} knots an hour. 

During the trials the seconds were called out by Mr. 
James R- Napier. Mr. Bottomley, who was acting for Sir 
William Thomson, watched the angles through which the 
boat turned by means of a dumb compass, while the signals 
for turning and stopping the vessel were given by Professor 
Reynolds. 

The first trial was of the effect which the screw exerted 
the ship with the helm amidships. When at full speed, 
she turned to port at the rate of about 7 deg. per minute ; 
or as it is usually expressed, she carried a port helm. 
However, as the speed of the engines was reduced, the 
tendency to turn the ship to-port was reduced, and when 
going very slow (about five miles an hour) the ship turned 
slightly in the opposite direction. When going fast the 
— churned air into the water, but not when it was going 
Siow. 

The effect of the screw to turn the ship with the helm 
amidships, although appreciable, was not of sufficient mag- 
nitude to be taken into account in the results of the sub- 
sequent experiment. And as this effect was almost the 
same with the wind upon either bow, it was evident that 
although the wind was blowing with some little force, its 
effect to turn the vessels was also unimportant. 

These preliminaries having been settled, the ship was 
driven at full speed ahead, then the screw reversed as sud- 
denly as possible, and immediately, as soon as the screw 
began to turn astern, the rudder was put hard over. 
At first, on being reversed, the engines turned but slowly, 
and it was not until the boat had lost some of her way that 
they turned full speed astern. 

our observations were taken in this way with the 
helm to port, two with head to wind, and two before the 
wind. And similar observations were taken with the helm 
to starboard. All four observations with the helm to port 
gave nearly the same results, and so with the helm to 
starboard. The mean results were as follows: With the 
helm ported (which, had the engines been going ahead, 
would have brought the ship's head round to starboard at 
the rate of nearly 2 deg. a second) the vessel at first, while 
the screw was turning but slowly, commenced turning to 
starboard, and had turned through 5 deg. in 9 minutes. 
She then commenced turning to port, and in 16 minutes 
more, when she had nearly lost all way, she had returned 
13 deg. to port, or about 8 deg. to port of her original 
direction, that is to say, in the opposite way to that in 
which she would have turned had the screw been kept on 
ahead. With the helm to starboard, at the end of 10 seconds, 
she had turned through 6 deg. to port, and in 14 minutes 
more, when she had nearly lost way, she had come back 
14 deg. to starboard, or 8 deg. to starboard of her original 
direction, i.e., as before, in the opposite way to that in 
— she would have turned had the screw been kept on 
ahead. 

With this ship, therefore, although the reversing of the 
screw did not at once reverse the action of the culien, it 
greatly reduced its effect, and reversed it in time for the 
ship to have turned 8 deg. out of her course before she had 
come to rest, that is to say, 8 deg. out of the direction in 
wliich she headed on the reversal of her screw; and con- 
sidering that during 25 minutes, in which she was stopping, 
had her screw been kept on ahead, she would have turned 
through some 50 deg. The effect of reversing the engines 
was to bring the ship some 58 deg. out of the direction 
she must otherwise have occupied. 


Expervments with the Hopper Barge No. 12, belonging to 
the Clyde Navigation Trustees, Captain J. Barrie, on 
June 7, off Kilereggan, Roseneath, Firth of Clyde. 

These experiments were conducted in a similar manner 

to those of jthe Valetta, the same members of the Com- 

mittee taking part in them. 

The barge, when loaded, carried 400 tons of mud, is 

140 ft. long, was drawing during the first set of experi- 

ments 11 ft. 6 in. aft, oat 9 ft. 6 in. forward, and when 

light, during the second set, 8 ft. 2 in. aft, and 4 ft. forward, 

The top of the propeller is 8 ft. 6 in. from the bottom of the 





keel. The screw, which is right-handed, has three blades, 
and is 8 ft. in diameter, and 16 ft. pitch. 

















ENGINEERING, Surrexser 15, 1876. 


GOODS LOCOMOTIVE (“CONSOLIDATION” TYPE) FOR THE LE 


CONSTRUCTED BY THE BALDWIN 


(For 


° 
° 
° 
° 
° 
° 
° 
°° 
oOo 
oO 
oOo 
°° 


ro) 


0 o 6 
o jy 


WHEELS: 
Diameter of driving wheels 
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driving wheels . ° ° . . ‘ 
Total wheel base of locomotive 
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Length of steam ports 
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» Of exhaust ports 
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BotLer :—continued, 
Thickness of tube plate . 
” crown sheet . 


Grate surface ° . ° 
Heating surface in firebox . 

. » in tubes 
Total heating surface 
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Weight of engine in working order 
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The first set of experiments were made with the barge 
head to windward, the wind being of much the same force 
as on the previous day. The mud was then discharged, 
and the barge put before the wind, and the experiment re- 
peated. When going to windward, with the helm amid- 
ships, the barge sheered first to port and then to starboard. 
This was ap tly owing to the screw churning the water 
intermittently ; when the wake was apparently clear, the 
boat turned to starboard, and when the screw was churning 
into the water, she turned to port. 

When the screw was reversed in full way on, and after- 
wards the helm put hard over, either to port or starboard, 
the action of the radder was always reversed, and was very 
decided. It required one minute for the screw to bring the 
boat to rest, om during that time she turned from 35 deg. 
to 60 deg., moving slowly at first, and more rapidly as her 
speed diminished. The reverse action of her rudder was, 
therefore, more decided than in the case of the Valetta, 
which was accounted for by the fact that the screw was re- 
versed to full speed at once; the engineer, being an old 
locomotive engine-driver, accustomed to reverse suddenly ; 
besides which, the boat being much heavier, allowed more 
time for the operation. 

When the boat was gi ing full speed astern, and the screw 
reversed to full speed ahead, the action of the rudder was 
the same in direction as if she had been going ahead, but it 
was very slow. When the barge was steering full speed 
ahead, with her rudder hard over, she turned at the rate of 
1 deg. in 1 second. 

With this vessel, therefore, the effect of reversing the 
screw was to cause her to turn through more than 30 deg. 
from the direction in which she headed when the reverse 
action set in. And considering that in the same time she 
would have turned through 60 deg. in the opposite direc- 
tion had her engines been kept on ahead, the effect of re- 


versing was to turn her ey 90 deg. from the position | Te 


she would have occupied had the engines kept on ahead. 
Experiments with the Steam Yacht Columba, belonging 
to His Grace the Duke of Argyll, June 29, in Gareloch ; 
the weather was very fine with little wind. 
The draught of the vessel was 10ft. aft and 8ft. 2in. 
forward. She was fitted with a Griffiths screw 7 ft. 1in. 
in diameter, and 12ft. pitch. The experiments were 
witnessed by Mr. James R. Napier and his son, Mr. R. T. 
Napier. 

When the vessel was going full speed ahead (about 10 
knots), the engines were reversed and the helm immediately 
put to starboard, the vessel turned to starboard until her 
forward way was lost, the time between the reversal of 
the engines and the stopping of the re being about one 
minute. When the dee was going fu rae | ahead the 
helm was set to port, and shortly after the screw reversed, 
the vessel turned to starboard at first and then to port 
until all way was lost. The turning to starboard at first 
was a natural result of the helm having been ported before 
the vessel was reversed. 

In their trials on this ship no measurements were made 
of the angles turned through. The direction of turning, 
however, was the same as before—the reversing of the 
screw at once reversing the effect of the rudder. 

In all three of these vessels, therefore, the same effect on 
the steering was produced by the reversing of the screw 
when the vessei was at full speed. 

Diagram 1 shows the courses run by two ships after the 
reversing of the screw, until they had lost all way com- 
pared with the course they would have run had they con- 
tinued under full steam, the rudder being hard to port. 

A glance at this diagram is sufficient to show what a 
fatal mistake it must be when a collision is imminent to 
reverse the screw and then use the rudder, as if the ship 
would answer to it in the usual manner. 

But perhaps, as regards collisions, the most important 
result is that shown in Diagram 2, namely, the positions of 
the ships when they have not lost more than half their way 
—and when, as regards the distance run to effect a revers- 
ing, the screw is but small. g 

As is shown in this diagram, it appears that the reversing 
of the screw, whether reversing the action of the rudder 
or not, the rudder is nearly powerless to turn the ship, and 
that she will turn not only more rapidly but in less room 
when going full speed ahead. : 

Before closing this report the Committee desire to express 
their thanks to the Earl of Glasgow, the Clyde Naviga- 
tion Trustees, and His Grace the Duke of Argyll, for the 
use of their vessels, and the officers and crews who assisted 
in making the arrangements and conducting the experiments. 








New SovutH WELsH Raitways.—The Government of 
New South Wales recently submitted the following railway 
loan estimates to the Colonial Parliament: Sydney to Wollon- 
gong, 49 miles, 740,000/.; extension into Sydney, 170,000/. ; 
Orange to Wellington, 56 miles, 350,0001.; Wellington to 
Dabbo, including bridge over Macquarie river, 30 miles, 
260,0001. ; from a point on the Great Southern line, near 
Junee, to Narrandera, on the Murrumbidgee, 64 miles, 
384,000l.; Tamworth to district of Armidale, Great 
Northern line, 75 miles, 600,0001. ; Were’s Creek to Guane- 
dah, Great Northern line, 40 miles, 220,0001. ; trial surveys, 
25,000/. ; additional rolling stock, 150,0001. ; forstrengthening 
a bridge and snyroving the gradients on the Windsor and 
Richmond line, 10,000/.; making an aggregate of nearly 
3,000,0001. Of these proposed new lines, that from Sydney 
to Wollongong was negatived by a considerable majority. 
The proposed extension into Sydney was also postponed for 
the present ; there appears to be a disposition to favour 
the construction of a line into Sydney, but the course to be 
taken by the extension has evoked differences of opinion. 
A proposal was made to omit the line from Junee to Nar- 
randera from the estimates, but this was negatived. The 
New South Welsh Government has intimated its intention 
at some future time of proposing another line from Nap 
Nap, at the junction of the Murrumbidgee and Lachlan 
rivers, to Pooncarie on the Darling. 





THE USE OF STEEL IN SHIPBUILDING. 


Ir will be remembered that we recently published 
in this journal a series of valuable articles upon the 
nature and uses of steel, by M. Barba, one of the 
naval constructors at the French Government Yard 
at Lorient. The following official regulations lately 
issued by the French Minister of Marine, relating 


to the employment of steel bars, plates, &c., in the | 3 


construction of vessels will be read with interest, as 
supplementary to the articles referred to above. 


ata temperature of 82deg. Thus treated they must be 
bent in the testing machine to a curve of which the mini- 
mum radius is not greater than the thickness of the bars. 
These same bars, when the corresponding plates are to be 
used for boilers, will be bent double in the press without 
showing any traces of fracture, and in such a way that the 
halves of late may be in contact. The sides of the 
bars thus tested, if rounded, can be squared up with a 
soft file. Plates not coming up to these tests will be re- 


ected. 

Angle, Profile, T and I-Irons.—To ascertain the quali- 
ties of different classes of profile bars three series of tests 
will be imposed: 1, cold tests ; 2, tempering, and 3, hot 


Steel Plates.—Steel plates are classified under five heads. | tests 


For plates of the first class the lowest ruling rates will be 
accepted ; for those in the four other classes 2, 4, 6, and 8 
francs per hundred kilogrammes (.81., 1.61., 2.41., and 3.21. 
per ton) are allowed. The thicknesses of the plates thus 
classified range from .059 in. to 1.18 in., and the dimensions 
from 12 ft. 4in. by 3 ft. 114 in. to 19 ft. 83 in. by 4 ft. 74 in. 

Testing.—The following tests will be required to ascer- 
tain the extension of the metal, and its ultimate strength, 
both longitudinally and transversly, the recorded results in 
all cases being the mean of at least five independent tests. 
Test pieces are to be cut from a certain percentage of plates 
taken at randon, which are to be subjected alike to each 
class of test. 

These sample bars are to have in each case a width of 
1¥; in. excepting those taken from plates less than .197 in. 
thick, in which cases the width will be reduced to .787 in. 
and for plates .708 in. and under, the width will be redu 
to the thickness of the plate. The yy of the portion 
submitted to test will be in all cases 7.785 in., and the test 
bars will always be annealed. The initial test load will be 
such as to produce a strain equal to four-fifths of the load 
uired to rupture the plate. This initial load will be kept on 
the test piece for a time of five minutes. Additional weights 
will then be added at equal intervals of time, probably half- 
minute periods. The corresponding extension for each in- 
crement of load will be carefully noted, and measured on 
the original length of 7.875in. The ultimate extension will 
be that produced at the moment of rupture. 

These test bars to be passed should not break under the 
initial load, nor give an ultimate extension less than eight- 
tenths of the maximum final extension mentioned above. 

The minimum loads in tons per square inch of the original 
section, and the minimum per centages of extension are 
given in the following Tables. For plates the mean results 
which should be compared with the Table, are those which 
have been obtained in the direction of least resistance. 


TaBLe I.—Steel Plates. 



































For Constructive . 
Purposes. For Boilers. 
Thickness of 
Plate in 
Inches. Average | Average | Average Ageuap 
Maximum| Final | Maximum) Fina 
Load. /Extension.| Load. | Extension. 
Tons per Tons per 
sq: in. in. sq. in. in. 
.019 30.3 10 per cent. 
.07 to .118 a | ae 
118 ,, .157 ‘a 14 ,, 
157 ,, .197} 29.5 a a 
-197 ,, .236 ¥9 «4 
-236 ,, -815 29. BO... a 27. 25 
315 ,, .787 » {20 55 » 26 
-787 ,, 1-181) 28.4 |20 ,, 25.8 25 
TaBLeE II.—Strips and Cover Plates. 
Longitudinal. Transverse. 
Thickness of } 
Plate in | 
Inches. | Maximum | Maximum Maximum | Maximum 
Load. |Extension. Load. (Extension. 
Tons per | Per cent. | Tons per | Per cent. 
sq. in. | sq. in. 
157 to .236) 31. 18 | 28.4 16 
.236 ,, .630 3 22 } Py 18 
630 ,, 1.18 vn 22 | 27. 17 








2. Hot Tests.—These tests will be made with sample 
ewe! of suitable dimensions, and consist in stamping a 
ished cavity, the side of the plates preserving its original 
plane. The diameter of this cavity is to be equal to forty 
times the thickness of the plate, and the depth will be ten 
times this thickness; the flat edge to be joined to the 
cavity by a curve, the radius of which is not to be greater 
than the thickness of the plate. Moreover, plates more 
than .197 in. thick will be stamped with a flat-bottomed de- 
pression with square angles and straight sides, the diameter 
of the bottom to be thirty times the thickness of the plate, 
and the depth ten times the same thickness. The bottom 
of this cavity will be pierced with a round hole with the 
metal forced perpendicularly beyond the bottom of the 
recess. The diameter of the hole to be twenty times the thick- 
ness of the plate, and the height of the sides five times the 
same thickness. All of the corners will be rounded with a 
curve not of ter radius than the thickness of the plate. 
The pieces thus tested with every precaution which the 
working of steel requires, must show no signs of yielding or 
cracking even when cooled in a brisk current of air. 
Tempering Tests.—For these tests bars 10.24 in. long by 
1.58 in. wide will be cut from the plate longitudinally as 
well as transversely. These strips will be heated uniformly 
to a slightly dull cherry red, and then tempered in water 





sts. 
1. Cold Tests.—These have for their object to ascertain 
the ultimate strength and properties of extension of the 
metal. A certain number of pieces will be cut from the 
webs of bars taken at random, and care will be taken that 
the cross sections are almost rectangular, the thickness 
being that of the web and the width 1.18in. except for 
sections less than .197 in. thick, in which cases the width 
will be reduced to .787in., and for those more than .71 in. 
thick, while the width will be reduced to the thickness of 
the plate. The length of the samples tested to be 7.87 in. 
The bars will be subjected to tensile strains either by direct 
weights or by levers, the load increasing up to the point of 
rupture. The initial load will be such as to produce a strain 
equal to eight-tenths the ogg 4 strain calculated upon the 
basis in the following Table. ‘The first load will be kept on 
during five minutes, and the additional loads will be added 
at half-minute intervals. The ultimate extension is that 
produced at the moment of rupture, and no samples will be 
an wane show an extension less than the required 
amount. 

The lowest average loads per square inch of original 
section, under which the bars should break when tested, 








and the minimum corres: extensions, are as follows : 
a T Sections. | Sections. 
Thickness i : 
of Web in 
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< 2S & 4 
Tons ag ~~ Bt aoe Tonspr.| Per 
sar. cen sar. cent, a cent. 
-118 to .157 31 18 ta8 18 “49.5 16 
157 ,, .236 a 20 29.23 20 te 16 
236 |, .63 i 22 29.28 20 i 18 
63 |, .984 ns 20 29,23 20 7 18 





Temper Tests.—F or these test bars will be cut from the 
webs of the various sections 1024 in. long, and 1.575 in. 
wide. The sides of these pieces must not be rounded, but th 


-| may be squared up with a soft file. The bar will be hea 
uniformly to a dull ¢ red, and then cooled in water at 
82deg. Thus tempered ought to take under the action 


of the press a permanent curvature, the inner radius of 
which must not be greater than one-and-a-half times the 
thickness of the plate. 

Hot Tests.—The angle bars will be subjected to the fol- 
lowing tests. With one piece cut from the end of a bar 
taken at random from each parcel a ring shall be made, so 
that while one web preserves its original plane, the other 
shall be bent into a circle, the inner eter of which shall 
not be more than three times the width of the flatweb. A 

iece cut from another bar call ba coened until the inner 

aces of the webs shall be & ically in the same plane, 
and a third piece shall be closed until the webs come into 
contact. e samples thus treated shall show no cracks 
or other imperfections. Plain T bars shall be subjected to 
the following tests. A piece cut from the end of a bar 
taken at random from a parcel shall be bent into a semi- 
circle, while the vertical web preserves its original plane. 
The interior diameter of this curve shall not ex four 
times the height of the bar. Ina piece cut from another 
bar taken from the same parcel, a horizontal slot will be 
cut in the middle of the web of a length equal to the depth 
of the bar ; a hole will be drilled at each end of the slot, in 
order to prevent the plate from tearing under the test, and 
that part of the web beneath the slot will then be bent 
until it forms an angle of 45 deg. with the remainder. Care 
will he falsen $0 keep, the Weee yore. en cee ieee ane Se 
the rest of the web, to which it will be connected by a bend 
of small radius. No cracks or other imperfections must be 
developed under this test. Bulb and double T bars will be 
tested as follows: At the end of a bar m at random 
from the parcel, a horizontal slot will be cut in the centre 
of the web, equal in length to three times the depth of the 
bar, holes being drilled at the ends as before, then the bar 
will be bent at one or several heats, until one thus 
opened forms an angle of 45 deg. with the other, the portion 
thus bent being kept in the same plane. In bulb sections 
the portion bent will be that carrying the bulb. In all 
cases the angles must be connected with the straight iets 
by curves of small radius. All samples under these 
tests will lead to the rejection of the parcel from which they 
were selected. 





RarpRoaps In Texas.—Railroad ing in Texas is 
bei omes on with considerable energy. Dallas and 
Wichita Railroad has a number of hands at work, 
and is advancing towards ton. The Texas 
Railroad has reached Fort Worth, while the Trans. 
— towards Clarksville in Red River 

unty. 
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HORIZONTAL ENGINE AT THE PHILADELPHIA EXHIBITION. 


CONSTRUCTED BY THE BUCKEYE ENGINE COMPANY, SALEM, OHIO, U.S.A. 


Fig .7. 
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Amoncst the horizontal engines exhibited at Phila- 
delphia, one of the most important is that of the Buckeye 
Engine Company, of Salem, Ohio, employed to run the 
shafting at the west end of the Machinery Hall. We illustrate 
this engine by the engravings on this and the opposite page, 
of which one is a perspective view. Figs. 1 and 2 aré eleva- 
tions taken from opposite sides of the machine, and Fig. 3 
is a plan showing a horizontal section through the 
cylinder and steam chest, which latter forms one of 
the special features of the engine. The steam from 
the boiler enters through the opening A, and passes 
to the right and left in the direction shown by the 
arrows. The slide valve is shown at B, and is formed like 
a box with a cover at B/, The ends of the valve thus en- 
closed, are widened at CCto about the diameter of the 
cylinder, but the connecting passage C/ is reduced to about 
one-third of this width. The expansion valves are shown 
at D D, and they are cast in one piece with connecting bars, 
one of which is shown at d. Packing rings EE are fitted 
to a cylindrical projection on the back of the cover plate 
B/. The upper surfaces of these rings slide in close con- 
tact with the plate G, and always form a tight joint for the 
steam which passes through A into the cylinder by the open- 
ing, CC’. The rings EE are held against the face G by the 
springs t i, which act through the casting FF. The area of 
the rings is made sufficient to hold the valve to its seat at 
the moment when steam is admitted to the cylinder. There 
is then little pressure on the other end of the cylinder, 
and the area of spring is in excess of what is required, 
and the pressure of the valve on its seat is considerable. 
To relieve this pressure at the moment of admission, the 
channels // are cut out in the valve seat, and extend across 
it. These channels are alternately filled with and emptied 
of live steam, the former taking place by means of small 
holes gg in the valve as the steam is released, while they are 
emptied by the valve uncovering them as steam is being 
admitted to the piston. The steam passes to the cylinder 
from the chambers C C through openings aa in the valve. 
Steam exhausts pass the end of the valve to the valve 
chest, and thence to the opening marked on the engraving. 
The expansion valves D travel on seats inside the valve as 
shown. The main valve spindle is at H, and it is formed 
hollow, to allow the spindle of the cut-off valve to pass 
through it. A ball-and-socket joint & allows the spindle h 
to be screwed through the nut into a socket in the valve D, 
80 as to take up at any time all slack motion either in the 
screw of the nut, or in the fitting of the latter to its socket. 
The lever i’, is attached to the rod A, to prevent the latter 
from working loose, its weight as it hangs nearly vertical 
being sufficient for the purpose. Fig. 6 shows the 
arrangement of valves to an enlarged scale. 








HORIZONTAL ENGINE AT THE PHILADELPHIA EXHIBITION. 


CONSTRUCTED BY THE BUCKEYE ENGINE COMPANY, SALEM, OHIO, U.S.A. 


| 
The governor, which is shown at ¢, Fig. 3, and in front 
elevation in Fig. 4, consists of a disc with a projecting 


flange I. To this disc are pinned at 56 levers aa, each 
being connected at the opposite ends by rods dd, to the 
projections d’ on the loose eccentric C, in such a manner 
that their outward movement turns the eccentric forwards 
on theshaft, the maximum range of motion being throughout 
about 90 deg., which is found sufficient for all ranges of 
cut off. The springs B B are of cast steel and are formed 
te bear twice the degree of tension than that to 
which they are subjected, without permanent set. On the 
levers aa are placed weights A A, which may be shifted to 
vary the engine speed. Studs not shown on the drawing, 
are also attached to them, which strike against rubber or 
leather cushions, although when in proper condition the 
motion of the lever is never sufficient to cause them to 
strike. Screws at C are introduced to regulate the tension 
of the springs. The proper degree of tension is determined 
more by the required character of the regulation than by 
the speed, the latter being properly regulated by the amount 
and position of the weights A A. The character alluded to is 
the closest possible approach to absolute isochronism on the 
one hand, which is obtained by a high degree of tension, or 
a great degree of stability or freedom from any tendency to 
oscillate beyond the point of equilibrium on any sudden 
change of load, which is, on the other hand, the character 
obtained by a low degree of tension, but it is obtained at 
the sacrifice of some degree of uniformity of speed. The 
point of theoretical isochronism is reached when the tension 
is equal to the distance between the intersection of the 
centre line of force of the spring with the radial line 6 E at 
d, and the centre line of the lever a on which the point at- 
tachment of the spring e is located. This will be evident 
when it is considered that if weight a was allowed to pass 
into the centre E, both the centrifugal force of the weight 
and the force of the spring would come to zero at the same 
moment, and on moving it out again from that point both 
forces would increase in exactly the same ratio, the speed 
being uniform. But absolute isochronism is of course un- 
attainable, as the two forces would never come to a state of 
equilibrium, but the weights would be continually flying 
beyond the proper point in both directions. In practice 
this degree of tension must be diminished about one-third, 
though where the momentum of the flywheel is ample, either 
from its weight or the effectiveness due to a high speed or 
the momentum of the driven machinery, the conditions are 
so favourable to a high tension and consequent uniformity, 
that a very close approximation to perfect isochronism may 
be attained. The great merit of the arrangement consists 
in the fact that the highest degree of uniformity possible 
under the existing conditions can in all cases be obtained. 














Fig. 5 is a cross section near the main rock shaft, which 
presents no novelty in detail; the eccentric rod from the 
fixed eccentric K, Fig. 8, is connected to it by the usual 
detachable hook, and the connexions to the valve are 
clearly shown in Fig. 3. The rocker arm, however, carries 
a smaller rock shaft a, Fig. 5, to the outer arm 5, of which 
the rod from. the fixed eccentric K, Fig. 3, is attached, 
while its inner arm c actuates the cut-off valve. By this 
arrangement the travel of the latter is always that of the 
eccentric moving it, as the arms } andc are equal, whatever 
may be the movement of the main valve. 

The crosshead of the engine is shown in Fig.7. It is 
formed in halves, and is clamped around the screwed end of 
the rod by bolts, an arrangement found to be quite secure, 
and very easy of adjustment. Figs. 8 and 9 are side and 
end views of the main bearing, showing the arrangement of 
brasses, &c. 





Sr. GorHarp Ra1tway.—Amended plans have been pre- 
pared, with a view to the completion of this undertaking 
upon a more economical basis. The estimates have been 
cut down to 2,000,0001., as com: with 4,080,0001. A 
conference of Swiss and Italian delegates is to take place 
shortly with reference to the undertaking. 


Cuasz’s Screw-CuTtine Macurinz. — Amongst the 
valuable labour-saving appliances at the Philadelphia Ex- 
hibition, Chase’s universal tube-cutting and threading ma- 
chine deserves a special mention. This machine, it may be 
mentioned, was employed in screw-threading the piping 
required to supply the maehinery in motion at the Ex- 
hibition Building. Two years’ experience with it in 
America has resulted in its adoption on a ——— 
scale ; the United States Government alone employs 250 ma- 
chines in the navy yards and on board the various Govern- 
ment ships. The leading principle of this machine, which 
was illustrated in our issue of March 19, 1875, is the ap- 
plication of a revolving die toa Pipes bolt, or ry dos 
stationary by a self-centering vice. en & sufficient hb 
of screw thread has been cut a very simple adjustment 
brings the chisel into play and cuts the pipe —_— 
The machine is portable, and, although perfectly adapted 
to be driven by steam power, can worked by two 
men, one turning the lever handle and the other f the 
machine. The principal advantages deservedly for 
this machine are that the thread of the screw is 
straight, that the pipes are never split, and that 
of pi ye lee it with either a right or left- 
handed thread. About 100 machines are already in use in 
this country, and are working with general satisfaction. 
A set of eight dies, ——— sizes from }¢ in. to 2 in., 
accompanies the machines, so that all screw-thr in 
ordinary use for gas, water, and steam-pipe fi i 
these limits can be done by it, 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig Iron Market.—The pig iron market was 
firm last Thursday forenoon, with business done in war- 
rants at 55s. 10}d. to 56s. cash, closing rather buyers over 
at the higher quotations, with sellers at 56s.1d- In the 
afternoon the market continued firm, prices as 
at the close in the forenoon—sellers 56s., buyers 55s. 104d. 
Quietness was the rule on Friday forenoon, with but a 
limited amount of, business done in warrants at 56s. four- 
teen days and 55s. 11d. cash, closing rather sellers at those 
ices. The afternoon market was also quiet, and without 
iness or alteration of prices. On Monday forenoon 
there was a steady market, but no business was done, and 
at the close buyers offered 56s. cash, sellers a shade 
more. The marketcontinued steady during the oon, 
and business was done at 56s. 1d. one month open, closing 
buyers 56s. fourteen days, and sellers at 56s. prompt cash. 
There was practically no change during yesterday, either 
as to prices or amount of business done. The market was 
again without business this forenoon. At the close buyers 
offered 56s. cash, sellers asking 56s. 1d. In the afternoon 
there was a quiet market, but without change from the fore- 
noon prices, sellers asking 56s. 14d., buyers offering 56s. 
cash. There is no — apparent desire on the part of 
mukers to do business at present prices, and a feeling has 
hands that prices have now reached the 
lowest point. n still continues to be sent into store, the 
increase last week 1030 tons, and on Friday night 
the total ems — moors. Conia and Co. _ —— 
ipping is in abundant supply, ers 
are all om nF by merchants. Last week’s shipments 
amounted to 10,479 tons as against 12,932 tons for the 
corresponding week of last year. 
The Man Iron Trade.—The makers of finished 
iron are better employed, but it seems to be im- 
ssible to an advance in prices so long as the pro- 
uction continues in excess of the present requirements. 
Shipbwilding Oontract.—Messrs. Caird and Co., ship- 
builders, Greenock, have contracted to build and —,* 
screw steamer of about 1500 tons for the Netherland-India 
Steam Nayigation Com , Similar to the Graal Van 
Bzlandt, recently built same firm. Messrs. Caird 
and Co.’a yard has of late been practically empty. 
Launch of a Dredger.—A new steam hopper dredger, 
constructed by Messrs. William Simons and was 


arisen on 


ing on the coast of Eng- 


, and Sow out 

to sea at a speed of 7 miles several h tons 
of its own spoil. This-is the seventh hopper eo 
ee peg Messrs, Simons bare ceived, they 
ave anot! large one nearly or , to dredge 
to 30 ft. ee agg peo a tons. roperties 
of this type of dredger are that in one vessel and with one 
crew are all the capabilities of a dredge fleet on the old 
system, consisting of several barges, punts, tugs, and 
stationary dredger, each with its captain, crew, engineers, 
and insurance, and occupying five times the sea room, or, 
in short, 12 men and one vessel will do the same work 
cheaper than 33 men and four vessels on the old system. 
Satisfactory accounts continue to be received from those 
now at work, for instance, one named St. Lawrence, sent 
to the Canadian Government, dredged and removed (7} miles 
out at sea) 41,000 tons in 40 working days; another, 
— dredges and removes 3 miles out to sea 800 tons 

ily. 

Proposed Brechin and Forfar Railway.—Fully a year 
ago a movement was begun with the view of forming a 
company to construct a line of railway between Brechin and 
Forfar direct, end most of the leading landed proprietors, 
through whose lands the projected line would pass, havin 

romised their hearty support to the movement, Mr. Wik 
ett, C.E., Aberdeen, was to make a survey of the 
route. The promoters have just held a meeting for the a 

se of taking active steps to launch the scheme. r. 

illett has sugggested a route which will be mutually ad- 
vantageous to Brechin, Forfar, Dundee, and other towns, 
in the way of maternally shortening the journey. He esti- 
mates that the cost of making the railway will amount to 
100,000/., the estimate being based on the footing that 
ground be taken and bridges constructed for a donble line, 
but that in the mean time only a single line of rails be laid. 
The proprietors in the district have subscribed liberally, 
and it is stated that one-third of the shares have aleeely 
been taken up. It has been unanimously resolved to apply 
for powers in the ensuing session of Parliament for the con- 
struction of the line. 


Tramway Car Steam Engine.—On Saturday morning 
the trial of a steam engine intended for use on the tramways 
between Portobello Edinburgh took place on that line. 
The new machine resembles a tramway car in a ce, 
and contains an ordi locomotive engine of 12 horse 
power, fitted up with condensing apparatus, which enables 
steam to be condensed for a journey of six miles. The 
length of the car is 12 ft., breadth 6 ft. 6 in., and height 
8 ft. The weight is alittle over six tons when @ full supply 
of water and fuel is placed in the tanks, and Messrs. Henry 
Hughes and €o., Loughborough, the engineers and 

— hold that the one A sogebs of mee 
eavily-laden car up a gradient of 1 in a speed of 10 
miles an hour. A seat is provided for the driver at either 
end of the machine, and by the application of powerful 
brakes the engine and accompanying car can be stopped 
almost instantly. No smcke is permitted to issue from the 
funnel, and the glow of the furnace will not be visible to 
lookers-on, while horses will not be frightened by the escape 
of steam or falling of cinders. The water used in the con- 
denser tilised for watering the street, or retained 
to 


d, and 


can be wi 
till the end of the journey. Only one man is 





attend ate, and Ade nape of working is extremely 
simple. e trial on morning was success- 
ee ing been drawn from the Glee nt Bortobello 
for a distance of over a mile towards Edin h. Unfor- 
tunately a slight accident occurred to the condenser, and it 
was deemed advisable to return to Portobello, where the 
repair was made good. The engine ascended the heavy 


' eyident ease. The engine has been con- 

pine = 18 . Hughes at a suggestion of a 
, c of the Tramway Company, the cost 

being 6501. A‘ Machine is in use on the streets of 


Leicester, and the engineers are engaged in constructing 
another for Glasgow. | *. °4 


NOTES ruta ae H YORKSHIRE. 
Runaway. Gove Traine Baal 

Heavy Damage bya 00 rain, — 
on Saturday morning as a.godds train was being ean | 
in the yard of the of the Manchester, 
Sheffield, and Lincolnshire Company sixteen 
wagons anda van got loose and ran down a gradient of 
about 1 in 72. The guard, who was in his van, was unable 
to arrest the runaways, the man consulted his own 
safety by jumping out. The si at Measborough 
had not time to make any effort to the wagons, but 
telegraphed to the pointsman at the junction, 
and that official turned them into a siding in which there 
was only a single cattle truck. The were then 
going at most terrific speed, and complete destroyed 
themselves and their contents by the sudden stoppage, the 
damage being over 15001. 

Censure of Colliery Oficials.—A coroner’s jury inquiring 
as to the death of H James, a miner, by an explosion 
of fire-damp at the liffe Silkstone Colliery, have 
returned a verdict severely censuring the managers and 


underviewers for gross ca: 

An LEwpensive Reservoir at Bradford.—The Water 
Works Committee of the Bradford Town Council re- 
commend the acceptance of the contract of Mr. Easton 
Gibb for the execution of the various works required in the 
construction of a storage reservoir at Upper en, together 
with the n hes, &c., and a couple of conduits 
for the sum of 199,9051. 10s. 10d. 


Serious Ewplosion at Skipton Gas Works.—On Monday 
last a serious explosion was caused at the Skipton Gas 
Works, owing to a valve having been left open whilst 
the retorts were being cleaned out. The engine-house and 
the boiler-house were demolished, the boiler itself being 
badly . Two or three of the workmen were shock- 
ingly inj . 

Further Railway Improvements near Shefield.—The 
opening up of so many new collieries in the South York- 
shire district has necessitated the doubling of what has 
hitherto been a single line of railway between Chapeltown 
and Barnsley. This work is now in hand, and will shortly 
be completed. New and comprehensive branch lines over 
a mile in length have been constructed to the new pits of 
the Barrow Steel Com at Worsborough, to the new 
Rockingham Colliery of M essrs. Newton, Chambers, and 
Co., near Birdwell, and to the Hoyland Silkstone collieries 
of Messrs. Wells, Birch, and Co. At many points great 
alterations in the bridges have been necessitated, and at all 
the stations and sidings ‘‘cross-over’’ roads and switches 
are being put down with as much celerity as the heavy 
traffic will admit of. At Chapeltown very extensive 
alterations are being made in the way of sidings to ac- 
commodate the traffic of Newton, Chambers, and Co., who 
are said to pay over 50,0001. a year for railway carriage 
alone. A new passenger station is also being constructed 
at the same place. 


NOTES FROM THE SOUTH-WEST. 

Briton Ferry.—The puddlers employed at the Vernon 
Tin Works, Briton Ferry, have received an intimation 
that on and after October 2, their rate of pay will be re- 
duced from 9s. to 8s. 3d. per ton. In the case of ballers 
there will be a reduction of 2d. per ton and 3d. per ton as 
regards the shinglers. These men have only recently re- 
turned to work after a six weeks’ strike, and it is expected 
that they will resist the proposed reductions. 


Trade at Cardifi.—Trade at Cardiff during the week 
has shown little sign of improvement, and some shipmasters 
prefer running to the Mediterranean in ballast to carrying 
coal at the present low freights. The exports foreignwise 
include 74,846 tons of coal, against 69,712 tons last week, 
3637 tons of patent fuel, 101 tons of railway iron, and 10 
tons of coke. 


The Taff Vale Railway Strike-—On Friday evening, at 
the Cardigan Arms, the: strike pay of the unionists took 
place, when 15s. a man was paid out, together with an 
allowance of 6d. a head for children. The non-union men 
receive 14s. per head if married, with an allowance of 6d. 
per child, and 11s. if single. It was stated that the ship- 
wrights’ society had decided, at a recent meeting, to for- 
ward to the committee the sum of 201. as a donation, and 
to give, as long as the present conflict may last, the sum of 
10l. a week towards the Taff Vale men now “‘ out.’’ 


Amalgamated Society of Engineers.—This society has 
issued a circular calling upon each of its members to contri- 
bute 6d. in aid of the engineers now on strike in different 
parts of the country. It is affirmed that the necessities of 
the situation compel the society to take this course, and 
the strike of the Taff Vale Railway men is the principal 
reason assigned for it. 

South Devon Railway Company.—The half-yearly report 
of the directors of the South Devon Railway Company has 
been issued. After stating that the dividend to the ordi- 
nary shareholders will be 21, 8s. 9d. per cent., the directors 











ee : “This result must be considered satisfactory, 
¢ the di rs think that the full benefit of the amalga- 
mation of the broad companies cannot be attained 
until further time has admitted of the several sections being 
welded into one harmonious system. 

Bristol Tramways.—The increase of traffic on the Red- 
land line of tramways has been such that the number of 
cars running between the Drawbridge and the Black Boy 
has been increase@te ten. 


Coal at Cwm Pénnar.—lIt is stated on good yy | 
that the Powell Daffryn Company intends sinking for 
at Cwm Pennar. 

Death of Mr. Lionel Brough.—The death is announced 
at Bristol, of Mr. Lionel Brough, well known through 
all the South and West of _—— as an inspector of 
mines, which position he has held for more than twenty 
years. He died at Clifton, where he has lately resided. 


The London and. North-Western in Wales.—During the 
current half year the London and North-Western Railway 
Company proposes: to provide additional siding and other 
accommodation at Penrith, Carnarvon, Brynmawr, 
Llandudno Junction, Holyhead, Abergavenny, &c. 


FOREIGN AND COLONIAL NOTES. 

New Zealond Towns.—The four principal town of New 
Zealand had the following population at the 
commencement of May, 1876: Dunedin, 19,657 ; Auckland, 
13,186 ; Wellington, 11,298 ; and Christehurch, 10,772. 

Guatemala. m. correspondence just to hand, we 
learn that the ing of a road in the neighbourhood of 
San Marcos, that was interrupted by the war with Salvador, 
has, at the request. of the President of the Republic, been 
undertaken by Mr. William Everall. The contract with 
the Government is for about 10 leagues, or 27 miles in 
length, and will seven months in completion, 
- — in fone being very difficult. , ae in 

e vicinity 0: ezaltenango is progressing favourably. 
Several new coffee plantations have been formed, as like- 
wise a cattle estate. 


Western Australia.—Mr. J. H. Thomas has received the 
appointment of chief engineer of Western Australia. Mr. 
Thomas has arrived at Perth from Sydney. 


The Belgian Coal Trade.—Liége advices state that coal 
has ruled wong low in price in that district, and that sales 
have been effected with some difficulty. Several colliery 
proprietors in the Liége basin have been compelled to reduce 
the wages paid. At other collieries working operations 
are only carried on for four or five days in each week. 


The Dutch Navy.—The largest ironclad of the Dutch 
navy, the Konig der Nederlanden, which was built in the 
Government yards at Amsterdam, but which was too long 
for passing the canal to Nieuwe Diep, has been successfull 
towed along the new canal to the North Sea. The length 
of the vessel is 266 ft. 8 in., and her breadth 50 ft. She 
has twe ironclad turrets, which are provided with four 
Armstrong . Her engines are 4500 horse power 
nominal. This fact indicates that the new canal is fit for 
vessels having a draught of 15 ft. 

French Coal Mining.—The production of coal effected 
last year by the Grand Combe Mines Company was 565,000 
tons, or about 48,000 tons less than in 1874. The sales of 
coal effected by the meer last year were 490,952 tons, 
against 532,985 tons in 1874. The net profits realised by 
Sagas in 1875 were 129,1581., or 25,3117. less than in 


Tramways in the Eure.—The establishment of a net- 
work of tramways to be worked by horses or locomotives 
has been declared a matter of public utility in an official 
decree just issued. 


Floods in Northern India.—Serious floods are reported 
from Northern India. The railways have been damaged, 
ames at the last dates many miles of country were under 
water. 

Belgian Rails.—We learn that MM. Blondiaux and Co., 
of Thy-le-Chatean, have just concluded a contract for 3500 
tons of iron rails for Russia. 


ve ee een ae gate mnenee 
acquired upon these tramways from January to August 1 
this year was 33,2051, j 


Port Chalmers.—A Chinese contractor has submitted a 
proposal to the Port Chalmers Harbour Board for the con- 
struction of a deep channel to Port Chalmers capable of 
accommodating the largest ships. The enterprising China- 
man undertakes to employ his own countrymen and to use 
ay mae he sum required by the contractor 

0007, 


of the Parisian Company 
Gas presented in July an 


Gas in Paris.—The receipts 

for Lighting and Heating by 

augmentation of 1187/., as compared with July, 1875, or 

1.38 per cent. The i revenue of the company for 
n 


July 31 this year exhibited an 


the seven months e 
pared with the 


advance of 63,4771., or 6.92 of cent., as com 
corres’ period of 1875. 

A Great Russian Industrial.—The richest Russian in- 
dustrial is Mr. Demidoff. He owns the town of Nigetalisk, 
inthe Oural, and his thirteen establishments cover altogether 
an area of about 38,000 acres. It is more particularly with 
—_ on Demidoff deals, — he Hinds also — 

ro) iy Manganese, Co} r, » gold, onds, . 
At his iron works Mr. Demidoft now produces iron in bars, 
plates, rails, and steel to the aggregate extent of 27,000 tons 

r annum. The number of workmen employed by Mr. 

midoff is about 11,000. 

Northern of France Railway.—An offshoot of this 
undertaking from Ermont to Valmondois has been ope 
for traffic. The length of this extension is about 10 miles. 
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THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr. JOHN BoGart, the 
Secretary of the Society of Civil Engineers at the Cen- 
tennial Exhibition, will, until the close of that Ex- 
hibition, act as the representative of ENGINEERING, and 
communications relating to editorial matters may be 
addressed to him either at the Society of Civil Engi- 
neers’ rooms at the Main Building of the Exhibition, or 
at1100, Girard-street, Philadelphia. 
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THE RADSTOCK RAILWAY ACCIDENT. 

WE have now before us the main facts leading up 
to this deplorable accident, which took place on the 
Somerset and Dorset line of railway, on the night of 
the Bank Holiday, August the 7th. 

The line in question is a single line, and its traffic is 
regulated by telegraph under the immediate con- 
trol of a crossing agent, and is further protected 
by a single-needle block system. Had either agency 
performed its allotted duty efficiently no collision 
could have occurred. We have, however, an utter 
failure of both, and we have further, incorporated 
with it, a failure or absence of signals, which if 
available at the moment would certainly have greatly 
alleviated the issue. The accident is thus traceable 
directly to two causes, viz., to a failure in the pro- 
vision for crossing the trains, and to neglect of the 
block system. 

The trains with which we have to deal were special 
or relief trains. That from Bath, a regularly ad- 
vertised train, and included in the working shects, 
was considerably late in starting, but of this the 
crossing agent, who had undertaken the responsi- 
bility of looking after the special from Wimborne— 
that with which it came into collision, and which 
was not included in the working arrangements sheet 
—was apparently aware, as he had calculated it would 
reach Radstock at 11.10, whilst the up train, b 
his computation, would not arrive there till 11.15. 
Under ordinary circumstances, had the Bath train 
started to time it would have been clear out of the 
way of the Wimborne train long before its arrival 








at Radstock ; but although it was known to have 
started late no advice would seem to have been 
sent to the Radstock agent to that effect, nor were 
any instructions sent him to keep the Wimborne 
special until that from Bath had arrived. The agent 
at Radstock knew of the running of the train from 
Bath, and that ordinarily it should have reached there 
before the train from Wimborne, yet he allowed the 
latter to proceed, with the doubt—evinced by his 
efforts to learn from the crossing agent at Glaston- 
bury if he should do so—reigningin his mind. The 
crossing agent, on the other hand, calculated there 
would be,as much as five minutes between the arrival 
of the trains at Radstock, and relying upon this, 
in the face of all possible contingencies, allowed 
the two trains to proceed headlong in each other's 
direction. The time at which he calculated they 
would arrive at Radstock was, as stated, from 11.10 
to 11.15. The accident took place at about 11.29. 


Wellow he went to the office and saw the needle 
blocked over, and the pin in it, for an up train from 
Foxcote ; and that Hillard, in reply to his inquiry, 
told him that the up special was put on at 11.10. 
Further, we find that on his (Inspector Ashford’s) 
arrival at Foxcote, he examined the block instru- 
ment there and found it was blocked over by Wel- 
low for a train on line. The pin there was hanging 
down, and was not in the instrument. 

Now it is very clear from this that the down train 
from Bath was not signalled to Foxcote. Had it 
been so signalled the needle would have been 
blocked over for a train in the opposite direction, by 
Foxcote, and not by Wellow. But what are the 
facts? The up train was kept outside the Foxcote 
cabin from 11.15 to 11.21 waiting for the clear 
signal for the preceding train, and almost im- 
mediately upon its leaving it came into collision 
with the Bath train. It is thus evident the Bath 


Yet up to this time it does not appear any inquiry | train must have left Wellow some minutes before 
had been received at Radstock as to whether either} that from Bournemouth left Foxcote, Indeed, the 


of the trains jad arrived there. 


The crossing agent | evidence produced on the last day of the inquiry 


complains that it was the duty of the station agent | under the coroner proves that it left at 11.15. 


to keep him advised of the course of each train, and 
much stress is laid upon the rule which directs that 
the running of trains shall be “ freely telegraphed.” 


Thus nearly the whole time it was running from 
Wellow to. Foxcote was occupied by the signal- 
man at the latter place in endeayouring to pro- 


We fail, however, to see its application in the sense| cure line clear for the train standing there for 


in which it has been put forward. It is no doubt it. 


How then was it possible for this man to have 


necessary, indispensably necessary, that the running | blocked the line for the down train? Moreover, 
of all trains on single lines should be telegraphed to| the fact was clear enough to him that he had no 


the crossing officer from certain points, otherwise 
how is he to keep the traflic going and avoid delays ? 


crossing for trains at his cabin, and he knew of the 
up train having left Radstock. Why then should he, 


but for each station to telegraph each train as it| with this clearly before him, and with nothing un- 
passes would be to unnecessarily crowd, a probably | usual up to that moment to excite or unnerve him, 


already clogged circuit. Nor does it appear judi- 


even if Wellow had asked for line clear, give it ? 


cious to leave such a duty to the discretion of every | The probabilities are, that knowing he had a train 


station agent. 


The inference is clear. The points|infrom Radstock, and that if he took another from 


from which the running of the trains should be tele-| Wellow he could not cross them, he would have 


graphed should be appointed by the crossing officer, 


refused to give Wellow line clear, and have sought 


and failing the efficiency of this all inquiries should | for line clear for the train from Radstock. That the 
be made in official form, as a meSsage from one] down train left Wellow without being signalled, or 
officer to another, not by merely asking the question | under the protection of the “block,” is the only 


on the instrument. 


It was no doubt culpable of| conclusion to be drawn from the facts which have 


Radstock to allow the Wimborne train to leave, but| been produced. In what way or by whose orders 
it was clearly the duty of the crossing agent to| we know not, but we have it on record that up to 
secure its safety long before by ordering it to be| within afew moments of the time at which it pro- 
kept there till the other had arrived, The safety of | bably did leave, the station master, who had been 


all single line traffic depends very much upon the 
crossing arrangements. Such trains as appear in the 
ordinary time tables, or in the working sheets, have 
their appointed crossings, and when it becomes ne- 
cessary to in any way deviate from them the first 
thing to be done is to issue orders to keep that train 
at the.station selected for the altered crossing which, 
in the absence of such instructions, would pass on 
beyond it to the regularly appointed crossing point ; 
and then to order on the train from the latter. It 
was the misfortune that neither of the trains under 
consideration were ordered to be held in check either 
at Wellow, Radstock, or elsewhere, for crossing. 
There could be no insurmountable difficulty in 
calculating their running, nor can we see how this 
would have been at all aided by their being ever so 
“ freely telegraphed” from either station named, for 
the probability in either case would have been in 
favour of the train having left the station before the 
crossing agent could have stopped it. 
Wellow on the one handand Radstock on the other, 
their fate depended on the signalman at Foxcote, 
and those working with him on either side. Here 
lies the first cause contributory to the accident, 
The second is cast at the door of the block 
signals, The system, as we have said, is a single- 
needle system. The evidence of the boy Arthur 
Hillard—15 years of age, wages 7s. 6d, a week, and 
having not only to attend to the telegraph, but 
during the absence of the porter, to deal with the 
passengers’ luggage, tickets, &c.—says that he gave 
“line clear to Foxcote, and then left the office for 
awhile.” On going back he found the needle of his 
instrument was vertical, and according to working 
arrangements he took that to mean ‘that the line 
to Foxcote was perfectly clear.” There appears to 
be considerable doubt as to the truthfulness of this 
witness, who states this was at 11.6; that at 
11.9 or 11.10, Mr. Sleep, his station agent, told 
him to ‘take off the up and put on the down,” re- 
ferring by the ‘‘up” to the previous train from 
Radstock, and by the ‘‘ down,” to the Bath empties 
or special. That at 11.16 the needle’ was vertical, 
and previously he had given on the down special to 
Foxcote. The times given seem to be unreliable, 
nor do the observed facts as witnessed by Inspector 
Ashford support the statement as to “ giving on” 
the down train; for he states that on arriving at 


absent from 6.30, returned. There were then three 
officials on duty, viz., the agent, the signalman, and 
the boy Hillard. Between the three rests the issue. 

We now come to the failure, or absence, of the 
night signals in connexion with the distance signals 
worked from Foxcote. Here, in perfect harmony 
with the derangement existing in the other branches 
of the service, we note that from want of oil, and the 
occasion appears to be by no means singular, neither 
distant signal was available, and even the home 
signal was but partially lit for a portion of the 
night. Moreover, as if to add to the general in- 
security, the distant signal for down trains stood 
at caution, tantamount to clear ; for the signal had 
but two positions, viz., danger and caution, so that, 
failing to see the light and catching the position of 
the arm, the approaching train would be led to be- 
lieve all was right. We find from the evidence of 
the driver of the up train, that he left Foxcote 


Once beyond | at 11.21, and had raised his speed to from six to 


eight miles an hour (although as he had only pro- 
ceeded some 200 yards when the collision occurred, 
we think he must be somewhat over-estimating the 
speed) when he saw the green head-light of the 

ath train approaching him, whilst that of the driver 
of the latter goes to the effect that he had reduced 
speed from eighteen to twelve miles an hour, de- 
cause the home signal was against him. (The uP train 
was being worked, not by the home or distant 
signal, but by a hand lamp from the cabin—the 
down home signal was lit), Now, if the driver of 
the down train was able to see the home signal and 
to reduce speed in consequence, it is only fair to 
assume he would have been able to see the distant 
had it been lit at a greater distance still, and so, on 
approaching the Foxcote cabin, to have had his 
train still further in hand, and thus, at the least, 
reduced the consequences of the collision, 

It is true the accident is directly traceable to two 
causes—the crossing system and the neglect of the 
block ; but itis indirectly equally the result of the 
loose and slovenly system of which the present 
inquiry has erro such frequent proof, ‘Taking 
the general duties, we find the officers themselves 
in disagreement. In one case the chief ins r of 
the line relieves the agent at Wellow from half-past 
six in the afternoon, leaving the duties as’ has 
before been stated, and as was the case on the day 
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of the fatal Bank Holiday when the traffic was con- 
siderably increased, to the care of a lad of fifteen, 
receiving Seep to 7s. 6d. a week, Mr. 
Diffard, on being pressed by Captain Tyler with 
reference to this, declines to admit Hillard was in 
charge, and throws the responsibility upon the 
station-agent Sleep, who had allowed the boy 
‘to take up a position which nobody dreamt he 
would be permitted to take.” Why, practically the 
thing had existed for six months past, and that full 
under the cognisance of the inspecting officers ! tt 
it was intended the signalman should have charge 
and not the boy, why not have seen it done, why let 
the duties practically slide into the boy's hands? 
Six months was surely time enough to show who in 
reality was orming the duty. The view enter- 
tained by the officials of this line as to the ex 
rience and qualifications required to fit a person for 
taking charge of its traffic is not, we trust, in 
accord with that given by the District Inspector 
Ashford, although we are bound to admit the facts 
go far to supportit. But surely if this is so locally, 
it cannot be the case at Waterloo and Derby, the 
head-quarters of the companies now responsible for 
the working of the line. But let us proceed. The 
line, like almost all single lines doing any amount 
of business, is worked mainly by the telegraph—that 
is, when its trains get out of time their appointed 
crossing places are altered by means of it, and as a 
further protection the trains are worked, section 
by section, under the block. Now, what is the con- 
dition of the telegraph? How are its duties per- 
formed? We find the crossing agent complaining of 
the other agents for no less a period than eight 
months past. We see these in turn screening 
themselves by the merest excuses; one behind his 
telegraph clerk, another by the pert rejoinder that 
his clerks are not machines to be fixed on the instru. 
ments. We have seen the manner in which im- 
portant inquiries as to the movement of the trains 
are treated. The station master at Radstock, for 
instance, made no inquiry as to the detention of the 
up train, but his clerk did. Why should a clerk be 
allowed to ask such important questions? Why 
should not the agent write his message, address it 
from himself to his correspondent, sign it, and 

it to the clerk to send? It is by allowing boys to 
take upon themselves such duties—duties the im- 
portance of which cannot be over-estimated—that 
that irritability, flippancy, fighting, and quarrelling 
which marks an ill-regulated telegraph service is in- 
troduced. Had the agent at Radstock addressed a 
clear and distinct mes to the crossing officer at 
Glastonbury, it is scarcely probable the clerk there 
would have dared to treat it as he did the attempted 
inquiry, ‘‘Must we.” Nor does it appear that 
greater care exists in dealing with that equally im- 
portant branch of the telegraph service, the block 
signals, In the earlier portion of these remarks we 
have purposely quoted the evidence of the clerk 
Hillard, that ‘*On going back he found the needle 
of his instrument was vertical, and according to work- 
ing arrangements he took that to mean that the line to 
Fowcote was perfectly clear.” Now this very remark, 
to our minds, indicates thoroughly the slovenly and 
unsafe manner in which these signals were worked. 
As has been stated the system is a single needle 
system, and is capable of giving three indications, 
viz., one to the right, another to the left, anda 
third with the needle vertical. The system of 
working is to ask for “line clear” by a certain 
number of beats to the right. If the line is clear 
these beats are repeated back by the signalman of 
whom the inquiry is being made. If it is not clear 
he gives a certain number of beats in the opposite 
direction, Supposing the response to be to the 
effect that the line is clear, the next operation is to 
communicate the fact that ‘the train will start.” 
This is done by again signalling a certain number of 
beats (differing, of course, from the former signal) 
again to the right. These are repeated by the re- 
ceiving station in order to show they are under- 
stood, and he then pegs over the handle of his in- 
strument, in such a manner that the needle of his 
own and that of the station about to send the train 
in, is carried over to the left indicating “train on 
line,” or “line blocked.” When this is done and 
(according to the rules) the station master has satis- 
fied himself by personal observation that the line is 


blocked, he is at liberty to start the train. Un its 
arrival at the station to which it has been signalled, 
the signalman then unpegs the handle of his instru- 
ment, and signals to the station from which the 
train has been received, so many beats to the right 
indicating that the train has arrived out. These 


beats are repeated back to show they are understood, 
and then the instrument is at rest, i.c., the needle 
stands vertical. Now there is nothing whatever here 
to authorise the vertical position of the needle being 
accepted as a signal that the line is clear. It is 
true that when the line is blocked the needle is 
pegged over to the blocked side, and that after the 
train has been signalled clear the needle is left 
vertical. But if theinstrument were broken down, 
the needle would also stand vertical, and the signal- 
man at the distant end pers | failed to get it to 
work, might send on, as ind he must, any train 
requiring to proceed, with the usual notice to the 
driver, ‘‘that the block was out of order, and he 
must proceed to the next station with caution.” 
We should like to know whether it is, and has 
been, the practice of the agents to satisfy them- 
selves by personal observation that the section is 
blocked Jefore allowing a train to proceed. Was 
it done by Wellow on the night, and for the train 
in question? That the block signalling was loosely 
conducted at this station there is ample reason to 
believe, for not only have we the boy’s remark 
already quoted, but we have also the evidence of 
the clerk at Midford that he found a difficulty in 
obtaining the requisite acknowledgment to the clear 
signal, and that it was not unusual for the needle 
to be left vertical instead of the signal being re- 
peated. Again, is it the practice of the station 
agents to inspect the train signal books in which 
the entries of the block and clear signals are made? 
Is it the practice of the district inspector to do 
so, and does he ever compare the entries of the 
one station with those of the adjoining? There 
appear to be grave discrepancies in the books 
which have been produced sufficient to cast a doubt 
upon such a practice having been pursued; and 
yet they are the merest ordinary rules, applicable 
to and in use with every properly regulated block 
system; but it is only too probable we fear that 
if rules such as these do exist on the Somerset 
and Dorset system, they have, like others of equal 
and greater importance, been allowed to be dis- 
re ed. 

In our remarks on the Thorpe Collision (page 225, 
vol, xviii.) we gave the general characteristics of a 
very simple and safe method of working a single line 
by telegraph ; and in that and a succeeding article 
on single line working (page 269, vol. xviii.) we took 
pains to impress upon those whom it might concern, 
the necessity of adopting such a system as must 
entail the combined action and service of three re- 
sponsible officers, viz., the station agent, the engine- 
driver, and the guard. It is hende, and perhaps 
noteworthy, that in the deplorable case to which our 
attention is now directed, the up train left Radstock 
without either of these officers having the remotest 
idea where it was to cross the down train known to 
be on the line between that point and Bath. In the 
former article we moreover urged the adoption of 
continuous brakes. Like the Thorpe accident it 
does not seem possible that any brakes would 
have, under the circumstances by which it was 
otherwise attended, entirely averted the Radstock 
collision ; but there can be no doubt it would have 
reduced its intensity, and thus have been the means 
of saving life. The point at which the collision 
occurred is some two hundred yards from the signal- 
box, beyond which there is a somewhat sharp curve 
with a gradient descending towards the box. Still 
with this before us, and the distant signal alight, as 
it was not, had the two trains been provided with 
continuous brakes there can be little doubt, that if 
not altogether avoided, the shock of the collision 
would have been so far reduced that no lives would 
have been lost. 

We have read, it must be confessed with some 
surprise, the remarks of the chairman at the half- 
yearly meeting of the Somerset and Dorset Com- 
pany recently held, on which occasion he, whilst 
expressing the very natural regret which all must 
feel at the occurrence, congratulated the share- 
holders upon the fact that the accident was 
not due to any defect in the line itself, but that it 
arose from the neglect of those engaged in working 
the traffic. No doubt thisis so, but it is equally true 
that those engaged working the traffic were those 
who had been engaged in the same duties during the 
time the line was worked by the Somerset and 
Dorset Board of Directors; that the rules by which 
it was worked were the same, and the system of 
management the same. It was, in fact, the Somerset 
and Dorset system which so lamentably failed, 
and which has given to the world one of the greatest 





ewposés in railway working and railway manage- 





ment which has perhaps ever been chronicled. For 
this the former management is as fully entitled to 
the credit, as it is to any which may attach to the 
rmanent way. It is no doubt somewhat surpris. 
ing that two of our foremost railway companies 
should have allowed such a condition of things to 
continue, but there can be no question that courtesy 
towards newly acquired officers and existing ar- 
rangements exercised some influence with both in 
allowing matters to stand as they did. The time 
has, however, now arrived when a change 
must be effected. The London and South-Western is 
in no way wanting in experience in single line 
working. For years the whole of its Exeter traffic 
was successfully worked over a single line of con- 
siderable length by means of the sqeehing telegraph 
only, with crossing agents at Salisbury, Yeovil, and 
Exeter; and at the present time its Portsmouth 
direct line continues single a great portion of the 
distance between Guildford and Portsmouth. Its 
system is as perfect a system as itis ible to devise, 
Each crossing station is provided with four pads 
of telegraph message forms. Two of these pads are 
coloured red, the other two are coloured green. 
The one red pad consists of forms headed ‘‘ Order 
for train of to proceed,” and bears on the back of 
each red leaf a form to be filled in after the nature 
of the instruction contained in the message, headed 
‘Special order to enginemen and guard zot to 
proceed on journey.” The other red pad is 
provided for the ‘‘ Agent’s reply.” Similarly the 
green pads are in the one case headed ‘‘ Order for 
train ¢o proceed on journey,” endorsed ‘Special order 
to enginemen and guard /o proceed on journey,” and 
in the other for the ‘‘ Agent’s reply.” Thus when a 
crossing order has to be sent, the first proceeding 
is to send the order for the train which is behind 
time not to proceed beyond a certain point, and this is 
done in the most unmistakable language, as ‘‘ Keep 
the. ...trainfrom....at.... tillthe.... 
train from. . . . has arrived at... .” ,The mes- 
sage is then repeated, timed, dated, signed, and 
handed to the station agent, who having set his 
signals at danger so as to stop the train in question, 
replies on the form provided for that purpose, “I 
will keep,” &c., following the text of the message 
received. He then fills in and signs, in ink, the red 
form headed ‘Special order to enginemen and 
guard zot to proceed,” which he shows to the 
guard of the train specified, and the guard to the 
engineman. In the meanwhile on receipt of the 
answer “I will keep,” &c., a corresponding order to 
‘*Send on” the train waiting for it should it have 
arrived at the ordinarily appointed crossing place, 
has, in like manner, been telegraphed, repeated, 
and dealt with, the guard and engine driver of it 
being furnished with a green form, filled in and 
signed by the agent of that station, having on 
it the full instruction to proceed, and where to 
cross the other train. In this case also a reply, 
‘‘T will send,” repeating the text of the order, is 
also telegraphed back to the crossing agent, and the 
transaction is complete when he receives advice from 
the appointed station to which the order to ‘‘ Keep 
the . .. .” was sent, to the effect that the trains 
have arrived and been crossed. Here we have in 
detail the principles advocated in our article pre- 
viously referred to, except that the messages are all 
written and not printed by the instrument itself. 
The sooner this system is set afoot on the Somer- 
set and Dorset the better. The joint companies to 
whom the line has been leased have before them a 
fair field for improvement. Not only do the cross- 
ing arrangements require consideration, but the 
block signals, the line signals, the organisation of 
the telegraph service, and the general supervision 
of the entire duties of the line demand attention. 
The block system does not appear the best of its 
class. For instance we cannot see why there should 
be any third position at all. Why there should in 
fact be more than two signals, blocked and clear. 
The instrument now in use is not only a “block” 
instrument but it is available for speaking purposes. 
It is the same form of instrument which was used 
on the Brighton line on the occasion of the Clayton 
Tunnel accident. It would be interesting to know 
how often it is used between the signal cabins for 
speaking purposes! Another very desirable object 
a to us to be the placing of the signals, 
electric and line, in the hands of one person, so that 
there may be no misunderstanding between those 
whose duty it is to work them. If the instruments 
are used solely as block instruments, or even if 
others of a more safe and improved form are em- 





ployed, there can be no difficulty in teaching the 
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signalman their use. The man who is responsible 
under the agent for the line signals, should certainly 
also have the working of the block signals. The 
need for a more practical and thorough supervision 
of the signal boxes and of the telegraphic arrange- 


ments is so apparent as to need but slight remark ; yet | p 


it may be well to direct attention to the advantage 
of so regulating the number of offices on the several 
circuits serving the system, as shall insure a ready 
despatch for the business required to be transacted 
overit, We are aware it is not an unfrequent thing 
to find ten and a dozen, sometimes even more, 
stations served by one and the same wire. Now 
where this is so we fear there will arise squabbling 
and fighting between the clerks, and perhaps even 
worse than this, for they are but boys who work it, 
and each one will naturally regard his own message 
as more important than others, There is in the 
case before us a doubt as to what became of a stated 
attempted second inquiry. We should be sorry to 
say it was disposed of by any one other than that to 
whom it was addressed, but it would nevertheless 
not surprise us to hear such was the case. 

The coroner’s inquiry has been completed and the 
jury have found a verdict which none will consider 
errs on the side of severity ; but the report of the 
Board of Trade inspector has yet to be made. In 
it we have little doubt the general local manage- 
ment of the line will undergo one of the severest 
criticisms his duty as a Government inspector has 
ever called upon him to offer. Radical changes we 
do not advocate, but certain changes and improve- 
ments in the direction which we have indicated are 
needed for the public safety. It is not necessary 
these changes should effect any radical alteration in 
the principles of the service, but it is imperative 
that rules framed with a view to the preservation of 
life, and the protection of the company’s property, 
should be observed, and it is for the present manage- 
ment to see that such is the case. A railway is not 
a toy! 





MECHANICAL PUDDLING. 

WE have repeatedly directed attention to the 
results obtained by Mr. Crampton with his rotary 
puddling furnace worked with coal-dust fuel, and in 
so doing we have had to record a steady improve- 
ment in the economy he has attained. Lately Mr. 
Crampton has been working his furnace at Wool- 
wich with air heated by making it traverse heating 

ipes in the chimney, and although he has not yet 

d at his command air at a very high temperature 
—the temperature for the*greater part of the time 
being from 320 deg. to 400 deg. only—yet the 
results he has obtained are so remarkable that we 
cannot doubt that they will be regarded with great 
interest by a large section of ourreaders. Working 
10 cwt. charges and supplying the rotary furnace 
with iron in a molten state—the melting being done 
in a cupola—Mr. Crampton has been effecting the 

uddling with an average consumption of coal of 
ess than 4 cwt. per ton of iron. Adding, say, 
24 cwt. for the fuel used in the cupola we thus have 
a consumption of less than 64 cwt. per ton for melt- 
ing and puddling, this quantity including that used 
during fettling, &c. he average time occupied 
with each charge was three-quarters of an hour. 

Large charges can, as is well known, be worked 
with proportionately less fuel than small ones, and 
judging from what has been already accomplished, 

ir. Crampton believes, and we think with very 
good reason, that eventually he will be able to 

uddle charges of 20 cwt. with a consumption of 
rom 4 to 5 cwt. of coal per ton, this including the 
fuel used,in melting. At Woolwich, too, the reheat- 
ing is being done in Mr. Price’s furnace with a 
consumption of less than 4 cwt. per ton of bars, so 
that even with the results which Mr. Crampton has 
already obtained the consumption of fuel in produc- 
ing a ton of bars from pig iron is only about 11 cwt. 
This is a considerably less consumption than had been 
attained for puddling alone until quite recently, 
while it is only about half that even now required in 
ordinary puddling furnaces working with small 
charges. 

It is, however, not only on account of the economy 
of fuel, but also on account of the quality of the pro- 
duct that the results obtained by Mr. Crampton are 
remarkable. Working with Indian pig, Mr. Cramp- 
ton has lately produced iron which, when tested for 
toughness, has given results exceeding those afforded 
by best Yorkshire iron. Thus a 3 in. by § in. bar 
rolled down from a 2 in. square jbar without any 
piling had a $ in. hole drilled in it and this hole was 
enlarged cold to 2} in. before cracking, a result 





which, so far as we are aware, has not been = 
proached by any iron in the market. Under bend- 
ing tests this iron gave equally striking results. 
Altogether the high character of the products which 
Mr. Crampton has been able to obtain from inferior 
igs shows very decissively the thoroughness with 
which the puddling process can be carried out in 
his furnace, and to prove that the time is rapidly 
approaching when — oe except under 
exceptional conditions, will become a thing of the 


past. 


THE UPPER THAMES DRAINAGE. 

Ir appears that the authorities of Richmond, 
Kingston, Surbiton, and other places in the Upper 
Thames Valley are still in great difficulty with 
respect to the disposal of their sewage. On the 
one hand they are under the firm hold of the Thames 
Conservancy, whose notices have long ago expired, 
and consequently the towns are under daily heavy 
and accumulating penalties for running their sewage 
into the river. ‘These continued difficulties eventu- 
ally led to a combined effort in which the Surbiton 
Board took the initiative. Consequent on their 
proposing a plan for uniting a large number of 
places under one board and a proposal to utilise all 
their sewage by irrigation, Colonel Cox was 
requested by the Local Government Board to enter 
into an inquiry of the whole question, which he 
effected during the last autumn. A total area of 
something like 170 acres of country formed this 
watershed, the whole of which it was proposed to 
include under the one plan of collection and irriga- 
tion. 

Colonel Cox, however, objected to many of its 
details, and especially to the enormous expenditure 
and consequent heavy rates that would be incurred. 
He made a wide distinction between two sets of 
districts, namely, those lying above the intake of 
some of the London water companies at and near 
Hampton, and those towns situate below that 
point. He thus drew a kind of natural division 
between places where a highly pure effluent was 
required, and places such as Kingston, Richmond, 
&c., where a very moderate amount of purity alone 
would be needed. Consequently he advised irriga- 
tion for the former, and recommended the permis- 
sion of someof the precipitation processes as sufficient 
for the treatment of the sewage of the lower Thames 
between Kingston and the metropolis, Finally it 
was stated in his report that if an attempt was made 
to form a combination among the districts below 
Hampton, the Local Government Board should 
agree to the request and thus enable the authorities 
to settle on some general plan for disposal of their 
sewage, provided that such plans produced an 
effluent free from danger to health, but not requir- 
ing a sufficient purity to make it fit for domestic 
pu 








8. 

he Thames Conservancy being pressing upon 
some of these authorities left no further delay 
possible in carrying out some plan, The Richmond 
authorities have, therefore, communicated with the 
Local Government Board to ask the formation of 
several united districts in the disposal of their 
sewage individually, while on the other hand, it has 
been asked that all the districts should be united 
into one. To settle this question Colonel Cox has 
been instructed to communicate with the various 
authorities between Hampton and the Metropolitan 
Board’s western sewage boundry. It is more than 
probable that a definite plan will thus eventually 
be secured, although many difficulties will naturally 
arise in the attempt to carry out one that shall be 
at the same time general and efficient in its appli- 
cation. 

It requires very little sewage knowledge to per- 
ceive that some plan of precipitation or filtration, 
or more probably the two combined, must be 
resorted to for the treatment of the sewage actually 
in the sewers. But another and very important 
matter has to be considered. If the various manu- 
facturers on each side of the Thames could be com- 
pelled or induced to purify their refuse before it is 
sent into the sewers, an immense amount of diffi- 
culty and delay would be saved. Possibly the 
Public Health Acts of former years might be pressed 
into the service for this purpose. Of course the 
Rivers Pollution Act of the last session is inopera- 
tive for at least twelve months from the date of its 
passing, except so far as it may prevent new sources 
of pollution. 

other difficulty will arise should any system of 
precipitating treatment be arrived at, Although 





many of these exist, only about three companies are 





now in the market. The General Sewage yore ow d 
has collapsed through loss of all its capital, and isin 
liquidation, although some hopes of its revival in 
another form are entertained, The Native Guano 
and the Phosphate Companies still hold on their 
way, but neither possess sufficient capital to carry 
out such an extensive scheme as the lower Thames 
Valley would present. At the same time these 
financial matters might easily be arranged between 
the companies and the authorities, There yet re- 
mains Major Scott’s lime and cement process, beside 
various filtering methods. , 

We have no hesitation in affirming that whatever 
plan is adopted the ratepayers may rest assured that 
they will have to pay for getting rid of their 
sewage, hey nothing has done more to hinder 
the solution of the question that the false hopes first 
encouraged by Liebig years ago, and maintained to 
the present day, that sewage could be made pro- 
fitable in any form of disposal. We trust that this 
delusion will be finally expelled, and that the object 
authorities will have in future will be simply that of 
purifying their sewers, and leave those who think 
they can profit thereby to do the best they can for 
their own interest. 





THE BRITISH ASSOCIATION, 
Guiascow, Wednesday. 

Wiru the exception of the various excursions ed 
for by the Locomotive Committee for the benefit of the 
visitors to Glasgow on this occasion, the forty-fifth annual 
meeting of the British Association for the Advancement 
of Science has now come to a close. The amount of work 
in the shape of papers has been so very great that all the 
sections (except EK, Geography) had to meet to-day in 
order to get the business finished in time to enable the 
permanent officers of the Association to hold the statutory 
meeting of the General Committee at one o’clock, and the 
general meeting of the members and associates ; indeed, 
the list of papers was really so great on this the closing 
day, that the hour of meeting was fixed for ten instead of 
eleven o’clock, which is the usual meeting hour. 

To take the last matters first in order, I should state 
that the general meeting was held at half-past two o’clock 
in what is known as the Garden Palace, under the pre- 
sidency of Dr. Andrews, and that the business consisted 
chiefly of a brief statement of the work done during the 
past week, the number of members and associates en- 
rolled, &c., and the passing of the formal votes of thanks 
to the College authorities, the Local Committee, the local 
officers, &c., for the efforts which they had severally made 
in order to secure a successful meeting of the Association. 

The meeting of the General Committee was held at 
the College, and was very largely attended. The Presi- 
dent occupied the chair. The principal item of the busi- 
ness was to ask the sanction of the governing body—the 
General Committee—for the expenditure of the sum of 
1620/. during the ensuing year on the prosecution of 
scientific investigation in several departments. In the 
following summary the grants asked for, jointly by the 
Council and the Committee of Recommendations, are 
mentioned. They were all readily approved of. In 
each case a gentleman was named as the responsible 
medium of communication between the Council and 
Treasurer of the Association and the Committee appointed 
to carry out the investigation, 


Section. £& 
Mathematics and Physics ... ag oo» 565 
Chemistry... ” ‘ eee “ 105 
Biology ste oes ose ‘in ae 260 
Statistics and Economic Science ... 110 
Mechanics die we ove 150 

1620 


Altogether, the Association has been the medium through 
which the sum of 40,000/. has been spent since its foun- 
dation, in 1831, for the direct promotion of science. This 
year’s vote is much above the average. 

A number of other committees have been appointed to- 
day to do special portions of work during the next year ; 
but they do not require or ask for any money grants. 

On Monday afternoon, when the meetings of the sections 
broke up at three o’clock, a meeting of the General Com- 
mittee was held for the purpose, chiefly, of fixing the place 
of meeting for 1878. Amongst many people there was 
a sort of general understanding that the application that 
was made at Bristol last year on behalf of the town of 
Leeds, would simply require to be renewed this year in 
order to secure the honour of a visit two years hence ; but 
Dublin came to the front, and put in a formal application, 
and the result was a total discomfiture to the people from 
the West Riding of Yorkshire, as well as from many 
other parts of the kingdom. Both Leeds and the Irish 
metropolis had very strong deputations in the shape of 
suitors, and the various members—seven in the case of 
Dublin—made their most enticing and convincing speeches. 
Not even all the persuasive power of Mr. Bramwell could 
prevail upon the General Committee to prefer the capital 





of the West Riding to Dublin, for eventually, when the 
division was taken, it was found that Dublin had carried 
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the day by 65 votes against 58 in favour of Leeds. It 
was evident that a good deal of canvassing had taken 
place during the day, the election being one of the keenest 
known for a number of years. Dublin came and saw 
(or talked) and conquered, and Leeds was totally non- 
plussed and surprised at the result of the voting. Prior 
to separating, the meeting, on the motion of Dr. Joseph 
Hooker, President of the Royal Society, and Past-President 
of the British Association, unanimously elected Dr. Allen 
Thomson, F.R.S., of Glasgow, as the President of the 
Association during the year 1877-78. That gentleman 
will take office next year when the meeting opens at Ply- 
mouth on the 15th of August. 

Having just mentioned Dr. Hooker, as a Past-President 
of the British Association, it may be worth while to note 
the fact that this year’s meeting may be regarded as the 
meeting of Past-Presidents, inasmuch as, besides Dr. 
Hooker himself, and Dr. Andrews, the actual President, 
there have been present no fewer than six persons who 
have filled the presidential chair at former meetings, 
namely, the Duke of Argyll, Sir John Hawkshaw, Dr. W. 
B. Carpenter, Professor G. G. Stokes (of Cambridge), the 
Reverend Provost Lloyd (of Dublin), and Dr. A. W. 
Williamson, who is now the General Treasurer of the 
Association, in succession to Mr. Spottiswoode. 

In respect of the attendance of the meeting, the total 


number of tickets issued, slightly exceeds 2700, 
whereas at the famous meeting held at Newcastle- 
on-Tyne in 1868—Sir William Armstrong’s year— 


the attendance was 3335. Since that year the number of 
tickets issued has never been above 2878, which was the 
number at Liverpool in 1870. ‘The number at the Bristol 
meeting last year was 2248 ; at Belfast in 1874, 1951; at 
Bradford in 1873, 1983; at Brighton in 1872, 2533; and 
at Edinburgh in 1871, the number was 2463. 

On the score of hospitality there is nothing to complain 
of. It is probable that on no former occasion have the 
visitors been entertained privately in such great numbers 
as on this; but that is no more than was expected of 
Glasgow, nor is it any more than what her citizens were 
in duty bound to do, when we consider that so many of 
them have benefited pecuniarily by the practical applica- 
tion of the principles of science which the philosophers 
have patiently and laboriously worked out in their 
laboratories. One may now hear no end of praise of the 
Glasgow people for the hospitality which has been dis- 
pensed to strangers, both distinguished and undistin- 
guished. 

It is too soon to estimate aright and at their true value 
the papers read at the various seetions during the past 
week, so far as the results to the future of science are 
concerned. Section G., Mechanical Science, has had 
an abundance of papers during the five days in which 
sittings were held; but nothing at present seems to 
stand out with such marked prominence as to form a 
landmark in the history of that department of science. On 
the opening day and at several other times during the 
meeting, the President, Mr. Merrifield, was supported by 
distinguished engineers, including Sir John Hawkshaw, 
Sir Joseph Whitworth, Dr. C. W. Siemens, Mr. William 
Froude, Mr. F. J. Bramwell, Professor James Thomson, 
Professor Osborne Reynolds, and others. Some of the 
papers and reports read have already been forwarded and 
others will follow in due course, either in extenso or in 
abstract. 

It cannot be said that many local papers of any note 
have come forward in Section G., and yet there are many 
persons connected with the engineering and shipbuilding 
industries who could have contributed largely to the in- 
terest of the sectional proceedings, had they only in- 
terested themselves in writing papers embodying their most 
recent inventions and successes and come forward to reac 
them or “ assist” at the discussion of the questions raised 
by them. 

Section A., Mathematical and Physical Science, has con- 
siderably surpassed Section G. in the interest of its pro- 
ceedings, and in the number of the members attending. 
Some of the papers have been of very great interest, and 
in two or three other sections subjects have come up for 
discussion which have an interest for engineers, as well 
as for the persons who most largely attend the sections 
referred to. 


WOOD-WORKING MACHINERY. 

A catalogue of exceptional excellence has recently been 
issued by Messrs. A. Ransome and Co., an illustrated 
description of whose works appeared on page 424 of our 
nineteenth volume. This catalogue, besides including 
drawings and descriptions properly classified of nearly one 
hundred different machines, contains alsc a short essay on 
the best mode of selecting and working each class of tools. 
We have on so many different occasions published notices 
of Messrs. Ransome and Co,’s tools, and their excellence is 
so widely known, that any comment on them here 
suggested by the catalogue would be superfluous. We 
may mention, however, that the barrel-making machinery, 
of which Messrs. Ransome and Co, have recently made a 
specialty, is not included. A notice of this machinery, 
and of the various processes involved, will be found on 

sage 95 of our twentieth volume. In our notice of the 
Stanley Works above alluded to, we referred to the trial 
shop in which new machines are tested, and every 








ciency or performance of tools. Machines of novel 
design, or comprising any new combinations, are brought 
into this shop, so that at all times there is an interesting 
collection of original machinery in motion, besides a large 
number of the leading machines of the more ordinary 
types, such as log frames and other sawing machinery, 
planing, moulding, mortising machines, &c. Developed 
as this idea has been into a useful and practical form, we 
think that it is one of the most interesting features of 
Messrs. Ransome and Co,’s establishment, which we notice 
now includes the large premises and plant of the late 
Battersea Foundry Company, where, in addition to the 
foundry, a large amount of machinists’ and erecting work 
is performed. 


SAFETY VALVE CONSTRUCTION. 
To THE Eprror oF ENGINEERING. 

Srr,- The dangers arising from the expansion of safety 
valve guiding wings the con- 
traction of the valve seats being 
now beyond question true, per- 
mit me to take this opportunity 
to point out that the traditional 
guiding wings are very often 
superfluous. 

The annexed sketch shows a 
modern type of steel spring loaded 
valve said by the makers as being 
‘* approved above all others by the 
Board of Trade and the Com- 
mittee at Lloyd’s, as also by the 
Institution of Engineers and 
Shipbuilders of Scotland; it is 
adopted by nearly every steamship 
company and marine engineer in 
Great Britain.’’ On referring to 
sketch it will be observed that the 
valve spindle is guided at A and 
at B ina very satisfactory man- 
ner; that being so, no guiding wings 
are required, as they have no pur- 
pose to serve but may be a source 
of danger. 

Yours respectfully, 

GEORGE CocKBURN. 
Macneil-street, Glasgow, 
September 4, 1876. 
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THE EXPLOSION ON BOARD H.MS., 
THUNDERER., 

To THE EDITOR OF ENGINEERING. 
Str,—The remarks in reference to the ‘‘ Thunderer In- 
quiry,’’ which appeared in the last issue of your contempo- 
rary, The Engineer, more especially those relating to 
myself, demand from me a few words in reply. 

As those gentlemen who took more than ordinary interest 
in what you consider “careful experiments,’ which were 
proposed by me, and carried out with their assistance and 
co-operation in Portsmouth Dockyard, are, so far as I am 
aware, perfectly satisfied with the method of procedure, 
and the results obtained, it seems strange that 1, and also 
the experiments, should be so summarily dealt with and 
dismissed by your contemporary, and the “‘ outer world” 
informed by them that such experiments, together with my 
** explanations, were unreliable and unworthy of serious 
attention.”’ 

The Engineer says, ‘‘ We have got to learn, indeed, that 
Mr. Phillips possesses the apparatus necessary to measure 
dimensions so small as yjssin.!’’ This admission suggests 
the probability that your contemporary was not possessed of 
sufficient information to warrant the assertion ; and that a 
little precise knowledge would have given their remarks the 
weight which they do not now possess. 

Let me assure your contemporary, and also their readers, 
that the gaugings of the seatings and valves was executed 
by hands thoroughly acquainted with such work, and that 
it was also corroborated by hands equally experienced. 

To return to the instrument, I may as well mention that, 
unfortunately, we had not one of Sir Joseph Whitworth’s 
delicate measuring machines ; but we had a gauge of Holt- 
zapffel’s best make, by which any part of an inch up to 
rsbeth can be pretty accurately ascertained. To illustrate 
these measurements to the jury, I had a sufficient number 
of _ of paper of two different thicknesses cut, and 
slightly pressed to make up exactly one inch ; the number 
of slips in one inch was respectively 257 and 570. Their 
thickness in parts of an inch being .003891 and .001754. 

I may also state that it was proposed by me to send the 
gauges to Sir J. Whitworth, as ask him to oblige us with 
their measurements, but it was afterwards considered that 
those obtained by the above means were quite accurate 
enough for our purpose. 

The gauges were in court all the time the inquiry was 
proceeding, and I was prepared to hand them to any one 
of the experts present, so that the figures which I gave to 
the court might be then challenged, if such a course should 
be considered necessary ; but on the question of accuracy 
not a word was asked, 

The experiment with the bushed cast-iron ring or disc 
was made, as you very truly say, “‘ not for my own satisfac- 
tion, but to convince others.’’ The first time that, to use 
your contemporary’s words, I “‘set about proving this 
theory by experiment,’’ was in Bombay in 1857, so that the 
fact was not new to me. 

Next, The Engineer says, ‘‘ As a matter of fact, the brass 
bushes of the Thunderer’s safety valves were not driven 
in tightly, and so no creep or contraction could have been 
established.”’ I am perfectly aware they were not driven 
in, neither is this necessary to cause contraction ; all that 
is required is a good fit, which there is not the slightest 








opportunity is afforded for inspecting the general effi- 











doubt was the case in the Thunderer’s boxes, and which 


was corroborated, not onl the ———— of the sur- 
faces, cone, or taper, in the bore of the seatings, and the 
appearance of the valves, but by those gentlemen who 


ought to know how they were fitted. 

Although I am not accountable in any way to The 
Engineer for any accuracies or ee em? I wish it 
to be understood that the gauges which I used are in safe 
custody, and should they or any one of their correspondents 
consider themselves to be possessed of that ‘‘ remarkable 
skill and practice ’’ which your contemporary says is re- 
quired to ascertain with accuracy the dimensions and diffe- 
rences between such gauges, to a greater degree than those 
concerned, it will afford me much pleasure to give them the 
necessary opportunity for doing so. 

I am, Sir, your obedient servant, 
Davip PsILLIPs. 

23, Montpelier-square, September 13, 1876. 








THE SCREW STAYS OF MARINE BOILERS. 
To THE EDITOR OF ENGINEERING. 

S1tr,—I have read with interest the full particulars you 
have given in ENGINEERINNG, both of the facts and the 
evidence respecting the unfortunate explosion of one of the 
boilers on board H.M.S. Thunderer. 

The question of the proper proportions to adopt for the 
staying of the flat surfaces in marine boilers arisen in 
connexion with the investigations carried on to ascertain 
the cause of that explosion. 

I have failed to see that any rule has been given on the 
subject, except that published by you in ENGINEERING and 
emanating from the Board of Trade, to which, however, I 
believe objection is taken by the Clyde engineers and others. 

As a practical — of nearly thirty years’ experience, 
and having had to design a + number of marine boilers of 
various forms and dimensions, and for various working 
pressures up to 80 lb. per square inch, I wish to lay before 
your readers the proportions I have adopted, for some years 
past, in the staying of the flat surfaces, with a view to 
contribute my mite towards the elucidation of a subject of 
such ¢ practical importance. 

1. I start with the proportion that the screw stays may 
be safely made, but should never exceed in their diameter 
over the threads three times the thickness of the plates to 
be stayed ; and as the plates of the internal parts of boilers 
are either ? in. y; in., or } in. thick, the extreme diameter 
of the screw stays should be l}in., lisin., and 14 in. 
respectively. 

The above is a very simple proportion to recollect, and I 
contend that it remaims good for any thickness of plate, 
for as the area of the stays increases as the square, so the 
stiffness of the plate between the stays increases as the 
square of the thickness ; —= for the increase of the hold 
the stay should have of the plate, there is the increased 
circumference of the stay to be multiplied into the increased 
thickness of the plate. 

2. I allow 5000 Ib. per square inch of area at the bottom 
of the threads of the screw stays, at the working steam 
pressure. 

3. Screw stays of l}in., ldin., 1isin., 1fin., and 1}in. 
in diameter over the threads, give an area at the bottom of 
the threads of .8, 1., 1.1, 1.2, and 1.5 square inches re- 
spectively, and at 30lb. working pressure they would 
suffice to stay surfaces according to the following Table. 


| 








: | Area in Square | Distance, Centre 
Diameter of Stay. Inches. to Centre. 

in. in. 
1 138 11} 
1 | 166 13 

1v's 183 13 
1} | 200 14} 
1$ 250 15} 





4. The rule according to the proportion of making the 
screw stays three times the thickness of plate, and allowing 
5000 Ib; per square inch at the bottom of the thread, is as 
follows : 

112 (thickness of plate in sixteenths)* 

Area of surface in square in. supported by each stay 
working pressure in pounds. 

5. I do not consider any other proportion or rule for the 
stays is necessary when the plates are not in contact with 
the water in the boiler, but I consider it to be absolutel 
necessary that the screw stays of plates not in contact wit 
water should have a nut not less in depth than the thick- 
ness of plate to be stayed at each of the outer ends of the 
stays. 

Screw stays in contact with water may be rivetted over 
at the ends ; but according to my experience, putting a nut 
on the outer ends of screw stays not in contact with water 
is amply sufficient to compensate for any additional weak- 
ness arising from the increased temperature of the plates. 

6. Through screw stays in steam space, for staying the 
front and back end plates of a boiler, should have a nut, 
not less than twice the thickness of |the plate to be stayed, 
as these stays are not screwed into the end plates, a nut on 
ye inside of the plate only serves to make a tight joint at 
the stay. 

According to the foregoing proportions, the through 
stays in steam space of a boiler, working at 60 lb. pressure, 
for staying the front and back plates § in. thick, would be 
1f in. over the thread, they would have an area at the 
bottom of the thread of 2.2 square inches, and would suffice 
to stay a space of 183 square inches in area, and the stays 
would be 134 in. from centre to centre. 

At 75 lb. working pressure, to stay the front and back 
plates } in. thick, the through stays would be 24 in. in dia- 
meter over the thread, they would have an area at the 
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bottom of the threads of 3.14square inches, and would suffice 
to stay a space of 209 square inches in area, and the stays 
would be 144in. from centre to centre. 

Now to apply the foregoing proportions to the staying of 
the uptakes of the boilers of H.M.S. Thunderer, I take the 
particulars as given in ENGINEERING. 

The diameter of the screw stays is slightly in excess of 
three times the thickness of the plate to be stayed, if the 
outside plate of the boiler is taken for the thickness ; but 
it is a mean between three times the thickness of the out- 
side and uptake plates; the proportion of the diameter of 
the stays is therefore good. 

Taking 1.2 as the area of the 1# in. stays at the bottom of 
the thread, multiplying this by 5000, and dividing by 30 Ib. 
working pressure, we obtain 200 as the number of square 
inches in the surface for which these stays are sufficient ; 
then taking the square root of 200 we obtain 14} in. as the 
distance in inches from centre to centre of the stays. 

The distance between the stays in the exploded boiler is 
15% in. vertically, and a mean of 15} in. horizontally, equal 
in area to 240 square inches, or an excess of one-fifth over the 
proportion of 200 square inches as calculated above, the 
working pressure should therefore only be 25 1b. per 
square inch ; and I should calculate that a surface 
stayed on these proportions, would burst with a cold water 
pressure of six times this amount, or 150lb. per square 


inch. 

In addition to the excess of area of surface between the 
stays, an additional source of weakness arises from the 
stays having no nuts on the uptake ends, and this would 
probably reduce the safe working pressure to two-thirds of 
the above 25 lb., or a safe working steam pressure of 17 Ib. 
per square inch, and a bursting steam pressure of six times 
that amount, or 102 Ib. per square inch. 

I must admit that the last proportion of reducing the 
working pressure one-third, in consequence of the want of 
nuts on the uptake ends of the stays is conjectural, for I 
know of no experiments that have been carried out on this 
point ; but it is evident that some serious loss of strength 
occurs in this direction when the plates are greatly heated, 
as in the uptake above the water level in the boiler. 

It is on this point that I consider experiments are most 
needed, and would be most valuable, although I am of opinion 
that in practice the weakness is sufficiently guarded against 
by putting a nut on the stay ends. 

There is one other point to which I wish to allude, and 
respecting which I have as yet seen no remark. I do not 
consider it desirable to place a heavy overhung safety valve 
box, with dead weights on the valves alone amounting to 
1600 Ib., to overhang the front of the boiler, and to be sup- 
ported by stays already more than sufficiently strained in 
withstanding the pressure of steam in the boiler. 

I have troubled you with these observations in no spirit 
of captious criticism, but with a view that if possible some 
advantage may be gained in the future by directing atten- 
tion to what I consider are the points which require to be 
taken into consideration, and which should be experimentally 
investigated. 

I am, Sir, yours very truly, 
m. Bury. 

5, New London-street, E.C., September 11, 1876. 





REILLY’S WATER CASING FOR BOILERS. 
To THE EDITOR OF ENGINEERING. 

S1r,—I was somewhat astonished to find a letter signed 
‘* Nicholas Evans’’ in your last issue, and can scarcely 
believe it to be the same Mr. Evans I met and spoke to for 
the first time on the 15th day of August last at the experi- 
ments made with Mr. Reilly’s boiler and casing in Man- 
chester, a statement of which, and deductions drawn there- 
from, were given by me in your number of the 25th of 
August last, and which Mr. Nicholas Evans scems to deny 
or challenge. 

The portion of my letter which he seems to take umbrage 
at is as follows : 

‘* Every facility was given to me to inspect, measure, 
weigh, and observe, during the two days on which the ex- 
periments were conducted, and Mr. Evans, of the Man- 
chester Boiler Insurance Company, checked all the weights, 
quantities, and temperatures, &c., and I am satisfied that 
all these may be relied on, having checked and observed a 
considerable number of them myself on both days.” 

_I do not see the slightest reason to deviate or change a 
single word in the passage just quoted, a portion of which 
Mr. Evans quoted in his remarkable letter, commencing at 
his own name, and then he says : 

‘* This statement, if allowed to pass unchallenged, would 
probably lead some of your readers to believe that I was 
equally satisfied with the manner in which these experi- 
ments were conducted, and am prepared to vouch for the 
accuracy of the results as detailed by Mr. Baldwin, but 
this is not the case.” 

The Mr. Evans I met and spoke to was perfectly satisfied 
with all the matters in connexion with which I used his 
name, that is to say, “‘ checked allthe weights, quantities, 
and temperatures,” and this is all I lay to his charge. 

e Now, I am sure I do not require Mr. Nicholas Evans to 
vouch for the accuracy of the results as detailed by me,”’ 
ause his so doing would not, I believe, add any lustre to 
those results ; but I inust say that he did vouch for all that 
I say he did, and that before several gentlemen at the close 
of the experiments, who I am sure will feel thoroughly 
astonished at the letter bearing his signature. 

I had nothing to do with conducting the experiments in 
any way further than observing temperatures, quantities 
of water, coal, &c., and satisfying myself that they were 
—_ —_ ont, —_ en that t “y would have been 

: e water from the measuring tank 
had passed direct to the casing by a pipe that was visible 
ben ene de shale. length, and by eaiing that the 
genes ve produced their own t 
stated in my letter to you, Pisces 


I examined at the time the water pipes to and from the 


pipes from the pump to the measuring tank, and the pipes 
from the pump to the casing, and all the cocks and valves 
connected with them. From my notes I find that the 

ipes from the donkey pump to the casing are about 24 ft. 
in length and 1} in. in diameter, two-thirds of the length 
of which were uncovered, and one-third passed under the 
raised platform and along the ashpit , and there was 
only one stop valve and one back pressure valve on the 
pipes, the former of which was quite visible to every one, 
and close to the tank about 1 ft. above the floor. On the 
other delivery side of the donkey pump another pipe with 
a valve close to the pumpand enggoee visible was fixed for 
the purpose of ae yoy | surplus water to the large supply 
tank when required to do so. This valve was closed when 
I examined it about half-past eleven on the morning of the 
first day’s experiment, and it was afterwards disconnected 
or cut off because Mr. Evans had some doubt about it, and 
it remained so afterwards during the experiments, and if 
any water was abstracted from the casing or boiler or not 
allowed to flow into it after being measured, I did not see it. 

The water flows to the donkey pump from a large cistern 
placed some distance from it, and about 10 ft. above it, 
through a pipe about 2in. in diameter, having an ordinary 
stop valve attached about 2 ft. distant from the pump, 
and another pipe of the same size was attached between the 
last-named valve and the pump by means of a wrought-iron 
the, and this pipe had a cock attached within about 1 ft. of 
its junction with the first-named pipe. When the donkey 
pump was stationary both the valve and the cock were 
open, and water from the cistern flowed into the 
measuring cistern through its bottom, and when it had 
overflowed a short time the valve was shut, thereby pre- 
venting any communication between the large and 
tee pump, and when the water had ceased to pass the 
overflow, the donkey pump was set to work and forced the 
water into the casing against a pressure of from 161b. to 
201b. by the gauge, which when the measuring tank was 
oy was booked as one cubic yard sent into the boiler, 
and this process was repeated for each cubic yard supplied, 
and the rise or fall of the water was always visible in the 
glass gauge placed on the casing. 

The water from the casing flowed into the boiler by virtue 
of the excess of pressure within the casing, when a valve in 
front of the boiler was opened for that purpose, and the 
rise of the water was observed in the glass water gauge on 
the front of the boiler. 

Again, Mr. Evans says, ‘‘In the case described by Mr. 
Baldwin the water after being measured was forced into 
the heater or casing by means of a donkey pump through a 
range of pipes placed under ground with branch pipes 
leading to different parts of the works, having valves or 
taps to close the communication.” 

I believe this statement to be absolutely absurd and 
untrue, as there is only one stop valve and one back 
pressure valve on the feed pipe alluded to, which may be 
seen any day, and this feed pipe with its two valves, which 
I have before described, has not a single pipe, branch cock, 
or valve besides those I have named attached to it which 
were the only ones used for the experiments. 

It is a very easy thing if a man wishes to be “ clever’’ to 
drill holes in the boiler or in the casing and carry the water 
away as desired by secret passages in and under the seatin 
of this or any other boiler that would entirely baffle suc 
acute observers as Mr. Nicholas Evans has shown 
himself to be, but few men of common sense would do it. 

I simply write this letter to vindicate myself and confirm 
my letter to you dated August 17th last, and I firmly 
believe that the experrments were honestly carried out, and 


certainly see no reason to believe otherwise. It is the old 
~ of humbug against progress, and it is nothing more or 
ess. 


I will conclude by stating that the letter signed by Mr. 
Nicholas Evans is not to the best of my Sonteles in 
accordance with facts, and I hope some of the many 
engineers and other gentlemen that saw and examined the 
pipes will come forward and state that which is the truth, 
namely, that the feed{pipe used during the two days’ ex- 
periments between the pump and the casing had not any 
valve cock or connexion besides those named by me. 

Your many readers I am sure will wish to see this 
matter of economically generating steam put in its true 
light, for there is great room for improvement in this 


direction. 
Yours truly, 
Tuomas BALDWIN. 
50, Cedar-street, Waterloo-road, Manchester. 





To THE EDITOR OF ENGINEERING. 

S1r,—In reference to Mr. Evans’ letter in ENGINEERING 
of September 8th respecting the experiments on steam pro- 
duction with Mr. J. Reilly’s patent boiler casing and 
seating on August 15th and 16th, I notice that he does not 
say as Mr. Baldwin does in your paper on August 25th, 
and as many other gentlemen, who were witness as well, 
can say, viz., that every facility was given him for examina- 
tion and inspection, and that he is satisfied with all the 
weights, quantities, and temperatures, &c. I also notice 
that he says that the water after being measured was 
forced into the casing by a donkey pump through a range 
of pipes underground, with branches leading to different 
parts of the works, having valves on tops to close the com- 
munication, &c. Now this statement is not correct; as 
there is neither connexion, branch, nor outlet on the pipe 
between the donkey pump and the casing. 

There was a connexion with the pump, and so placed that 
every one could see it, on which was a top valve that Mr. 
Evans said he found slightly open after the first day’s test 
had proceeded for about an hour ; this was at once pointed 
out by him, and to prevent the possibility of error, mistake, 





or doubt, the connexion was at once severed by the pipe 
ing cut in two, and one portion of it removed. y 





tank, measured the capacity of the tank, and examined the | makin; 





did not Mr. Evans state this? During this removal and 


ing good the qos a short interruption in 
consequence of the donkey pump being stopped for the time, 
which interfered some little with the success of the first 
day’s trial. 

On the second day no interruption took place, and no 
doubts or misgivings as to the correctness of anything was 
either expressed or hinted at by Mr. Evans or any one 
else ; while the results of that day’s trial were better than 
the preceding one ; and as then stated by the gentlem 
present (Mr. Evans included) better by far than anything 
attained before by any one. 

I am, Sir, yours faithfully, 
Wm. ASHTON. 

25, Cathedral-yard, Manchester, Sep. 12, 1876. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
better attendance than usual on ’Change at Middlesbrough, 
There was, however, no improvement in business, and very 
few transactions were recorded. The prices of pig iron were 
unchanged. 

The Finished Iron Trade.—This great branch of in- 
dustry remains in a prostrate condition. One or two small 
rail orders have recently been secured by Cleveland manu- 
facturers, but when the vast productive power is taken 
into account they are of comparative insignificance. 


The Financial Affairs of the District.—The failures in 
the Cleveland district have attracted the attention of the 
world. Some very severe things have been said about 
Thomas Vaughan and Co., and a considerable amount of 
ignorance has been shown from the Times and Saturday 
Review downwards respecting iron works. Mr. Thomas 
Vaughan himself is, I think, entitled to sympathy on one 
account, viz., he actually had a princely fortune left him by 
his father, and this vast sum of money has dribbled away. 
Most practical people in the iron trade blame Mr. Vaughan, 
who, a few years ago, gained for himself the distinction of 
being the largest iron maker in the world, for not securing 
the services of thoroughly competent men to manage his 
preat undertakings. Mr. Thomas Laan the son of the 

te Mr. John Vaughan. The late Mr. Vaughan when a 
boy worked in iron works, was a clever operative, and ulti- 
mately became manager of Messrs. Bell’s works at Walker- 
on-the-Tyne. While here he became acquainted with Mr. 
Bolckow, now M.P. for Middlesbrough. ‘These two gentle- 
men started the iron works which are now own 
throughout the globe as Bolckow, Vaughan, and Co.’s, 
Middlesbrough. Both Mr. Bolekow and Mr. Vaughan 
deservedly reaped magnificent fortunes out of these works 
before turning them over to a limited liability company. 


Iron Shipbuilding and Engineering.—On the northern 
rivers there is not much doing in shipbuilding and en- 
gineering. 

The Coal and Coke Trades.—There is general dulness 
in the coal and coke trades. 


The Prospects of Trade,—It is still hoped and believed 
that by the end of this month the bulk of the bad news will 
have been told. Several blast furnaces are bein 
out. Within the next month it is expected that about 15 
blast furnaces now in operation will be idle. Should this 
be so the production will be dec and makers will get 
better prices than are now ruli The district will how- 
ever suffer, as more men will be thrown out of employment. 
Opinions as to the time when there will be anything like a 
general revival in trade vary as widely as possible. Trade 
cannot very well be worse than it now is, and we must 
just put faith in the old saying that when things are at 
their worst they begin to mend. 


blown 








IraL1An Rarttways.—At the close of 1875, Italy had 
4716{ miles of railway in operation. These lines had in- 
volved a total outlay of 82,822,1201. The outlay made for 
rolling stock at the same date was estimated at 9,010,7201. 
The largest proportionate amount of rolling stock appears 
to have been placed upon the Upper Italian lines. This 

up of lines also involved the greatest proportionate cost 
in its construction. Including rolling stock, the average 
cost of the Italian railways to the close of last year, will 
be seen to haye been about 19,0001. per mile. 





Morraxki (N.Z.) Harsour Works.—The recently 
formed Moeraki Harbour Board proposes to construct at that 
place a commodious wharf capable of accommodating steam 
vessels of the class usually employed in the intercolonial 
trade. Mr. Barr, C.E., at the request of the Board, 
recently made a survey of the locality ; and it is under- 
stood that he has selected Graveyard Point as the site of 
the wharf. Itis expected that a depth of water of not less 
than 18 ft. at low water will be obtained, and that pro- 
vision will be made for not less than two vessels berthing 
at one time at the wharf. The cost of the works con- 
templated is about 80001. 





Tue Russtan Iron Trape.—The great central market 
for iron in Russia is the Nijni-Novgorod fair, to which the 
ironmaking establishments of the Oural send annually u 
wards of 100,000tons of iron. This production arrives at Nijni- 
Novgorod by means of convoys of boats which descend the 
rivers Tchoussova, Bielaya, Kama, and Volga. The naviga- 
tion is long and dangerous, and scarcely a year elapses in 
which several boats’ cargoesare not lost on the Tchoussova. 
From Nijni-Novgorod Russian iron is forwarded i 
oe ag My districts and to St. Petersburg. At Rigi and 
Odessa it has to contend against foreign competition and 
against the competition of State establishments at Tombof, 

, and Kalouga. 


into 
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COMBINATION SAWING MACHINE. 
CONSTRUCTED BY MESSRS. RICHARDS, LONDON, AND KELLEY, ENGINEERS, PHILADELPHIA. 


Tue accompanying illustration re- 
resents a machine adapted for sawing 
th straight and curved lines, or in 
other words to answer as a saw bench, 
a cross-cutting, and a scroll saw. 

The machine is from the designs of 
Mr. John Richards, and is in substance 
the one referred to on page 107 of his 
treatise on wood-cutting machines, as 
being run at a of from 1200 to 
1800 revolutions inaminute. The new 
machine here shown is, however, an 
improvement of the one referred to, and 
not only capable of being driven at 
greater but arranged, as before 
mentioned for sawing straight as well 
as curved lines. The machine in its 
general arrangement is quite simple. 
A rigid sliding stock seen on the front is 
connected to acrank below. The saws, 
which are only from 8 in. to 10 in. long, 
are fastened rigidly to the top of this 
stock, and after passing through the 
table are sup in guides of 
hardened steel at the top. The saws 
are not strained in any way, but being 
firmly supported by the stock below 
and the guides above, cannot bend or 
turn, except in the lumber being sawn, 
and as no portion of the blade, except 
enough for the stroke beneath the 
lumber, is bared or exposed, the con- 
sequence is that they are rarely broken 
and endure the most severe use. The 
saws being tapered, that is, wider at 
the top than the bottom, there is a rake 
given which determines a positive feed 
at each stroke. 

This rake or forward feeding move- 
ment of the saw teeth is an im- 
portant matter in sawing, ‘and is one, if not 





greatest impediment to band sawing. So important is | trying 
this detail that one of the machines as illustrated, | 
having a cutting movement of only 400 ft. a minute, 


will saw nearly as fast as a band saw moving at | 
five times the speed. No abrasive wearing of the saws 
takes place, because but little heat is generated by the 
guides ; besides in the present machine there is provided a 
rotary blowing fan encased in the main frame which 
drives a current of air through a curved neck of the frame 
and down through the guide stem, which is hollow, to the 
saw, keeping it cool and removing the dust from the top 
of the lumber. One difficulty in operating the machines 
as at first constructed was from the heating of the stock 
beneath the table ang alsothecrank pin. The former had 
a speed of 600 ft. t» 700 ft. a minute, and as the sawdust | 
of necessity falls on the bearings, the oil was soon dried up 
and the bearings wer) destroyed. This was overcome by 
surrounding the stock | etween the bearings with a casing | 
which is packed with cotton, hemp, or other fibrous 
material, forming a kind of reservoir for oil and distri- 
buting it continually. 

The crank pin bearings were formed in part of brass 
and partly of pear-wood with its end to the pin, the wood 
being driven into shells of brass. This it was found 
retained the oil, and enabled a high speed without heat- 
ing. On the right of the saw is shown a gauge for 
slitting and on the left one for cross-cutting. The table 
rests In a concave seat and can be set at an angle for 
bevel sawing. The hand lever on the left is connected 
with the belt shifting gearing, and also actuates a friction 
stop motion, which is useful in sawing fret work where 
the saw must be passed through holes in the lumber. The 
machine is arranged to run at a speed of 1500 revolutions 
a minute, and requires but little power to drive it. We 
hope to witness before long some experiments made with 
one of these machines and to give some exact data as to 
the speed of cutting lengthwise, transverely, and in 
curved lines, 








AN INVESTIGATION.OF THE STEERING 
QUALITIES OF SHIPS.* 


By Professor OsBoRNE REYNOLDs. 


the { each other, what will be the case of 








Tue uncertainty which at present exists in the mancu- 


vring of large ao by the numerous col- | 
.isions which have ween the ships of our own 


navy while endeavouring to execute ordinary manceuvres 
un the most favoura i and with no 
enemy before them. These accidents may be, and ha 
been, looked upon as indicating imperfections in the shi 
or the manner in which they were handled ; but it must 
admitted that the ships are the best to be found in the 


world, and that they are commanded by the most skilful | 
and hi trained seamen alive. And if peaceable ships | 


fail in their mancuvres when simply trying not to hurt 


* Abstract of paper read before the Mechanical Section, 
British Association, Glasgow meeting. 





ve | 
| the officers should 


fighting ships when 
to do all they can to destroy each other? If the 
general impression as to the important part which the ram 
is to play in the naval combats of the future is ever > 
then certainty in manoeuvring must not only be of very 
t importance, which it always has been in sea-fights, 
ut it must also occupy the very first place in the fighting 
qualities of the ships. ( 

Now, the results of the investigation of the effect of re- 
versing the propellers on the action of the rudder, appear 
to show that, however capricious the behaviour of ships has 
hitherto seemed, it is in reality subject to laws; and that 
by a series of careful trials the commander of a ship may 


inform himself how his ship will behave under all circum- | }, 


stances. The experiments of the committee on large ships 
have completely established the fact to which it was my prin- 
cipal object last year to direct attention, namely, that the re- 
versing of the screw of a vessel with full e! on ve 

much diminishes her steering powers ; so that, when a col- 
lision is imminent, to reverse the screw and use the rudder 
as if the ship would answer to it in the usual manner is a 
certain way of bringing about the collision. And, to judge 
from the accounts of collisions, this is precisely what is done 
in nine cases out of ten. ay 

From experiment and practice it appears that a 4 will 
turn faster when driving full _e ahead than with her 
engines reversed, even if the rudder is rightly used. Thus, 
when an obstacle is too near to admit of stopping the ship 
—then, as was done in the case of the Ohio mentioned in my 

last year—the only chance is to keep the engines on 
Pall speed ahead, and to give the rudder a chance of doing 
its work. 

These general laws are of the greatest im ce, but 
they pod in different degrees to different ships, and each 
commander should determine for himself how his ship will 
behave. A ship’s ordinary steering power may soon be 
learnt in general use, but not so the effect of stopping. 
There is a certain risk in suddenly reversing the engines, 





| which any one in charge of a ship will shrink from unless 
| he knows it is i 


recognised as part of his duty. 

It is also highly important that the effect of the reversal | 
of the screw should be generally recognised, particularly in | 
the law courts, for in the present state of opinion, there | 
can be no doubt that judgment would go t any com- 
mander who steam 
doing he had the best chance of avoiding acollision, or who 
had ported his helm in order to bring his ship’s head round 
to port, with the screw reversed. 

So far as the capabilities of each individual ship are con- 
cerned, there is no insuperable di ory | or risk about the 
experiments, and to have determined ¢hese will be a great 
point. When the officers know exactly what can be done 
in the way of turning their ships and how to do it, the 
chances of accidents must be greatly reduced. 

Bat, at all events for fighting ships, it is desirable that 
have experience beyond the mere turn- 
ing powers of their own ships. W' two ships are 
manceuvring so as to avoid or bring about a collision, each 
commander to take into account the movements of his 
a2 pt I EF yy Fe 
would be necessary ve fri encounters. 
between two ships whose captains had never before fo 
would be like a tournament between two novice nights 
who had never practised with pointless spears ; and a 


on ahead, knowing that by so 





contest, eo not unequal, must be decided by chance 


“Te there has been uch thing running 
no s ing asa i ht 
between steamships, so that not only are our officers a 
out actual experience, but even the rules by which they are 
instructed to act—the rules of naval tactics—are based 
entirely on theoretical considerations, and hence are very im- 
perfect. ne 5 en pears to me to be a — * a 
experience 0 counter manceuvring powers shi 
-_ be a poy ey an ¢ the —, and bat lit 
e cost attending on i large ships, which 

if not equal to an actual fight, would be very useful as a 
means of training the officers. 
R.. — fay 9 launches were constnnaie —_ to the 
ships, so ey represen: ese ships on a given scale, 
say one-tenth linear measure, and their engines were so 

yusted that they could only steam at what we may call 
the speed corresponding to that of the larger ships, then 
two launches would manceuvre in an ly similar manner 
to the ships, turning in one-tenth the room ; and the 
time which the manoeuvres with the launches would take 
would only be about half that occupied by similar manceuvres 
with full-sized ships. The only points in which it would 
be necessary that the model should ange the ship 
would be in its shape under water, and as regards the 
longitudinal ——— of its weight. Thecentre of gravity 
should occupy the same position amidships, and the longi- 
tudinal radius of gyration of the model should have the 
same proportion to that of the ship as the other linear 
dimensions. In other respects the model might be made as 
most convenient. It might be made of wood, and so 
strengthened that two models might run into each other 
with impunity. There would ant te much difficulty in so 
strengthening the models as their speed would be very 
small. For instance, if the s of the ship were 13} knots, 
then that of the model would be 44 knots. 

The study of the qualities of ships from riments on 
their ee» 4 has not, until recent years, led to any im- 
—— results ; but this, in great part, was owing to the 
act that proper account had not been taken of the effect of 
the wave caused by the ship and the consequent resistance. 
It was not known that the waves set up by the model bear 
the same relation to the size of the model as the waves set 
up by the ship do to the ship when, and only when, the 
speed of the model is to the speed of the ship in the ratio 
of the square root of the ratio of their lengths. 

Since this fact has been recognised most important infor- 
mation has been obtained by experimenting upon models. 
Mr. Froude, by means of this law, has been able to brin 
the comparison of ships, by means of their models, to suc 
a degree of perfection that he can now predict with cer- 
tainty the comparative and actual resistance of ships before 
they are constructed, and the great practical value of his 
results has been recognised by the Admiralty. 

What I propose is virtually to extend these experiments 
on models so as to make them embrace the steering powers 
of ships as well as their resistances. The manner of ex- 
a would have to be somewhat altered. Steam 

unches would have to be substituted for dummy models, 
but the principle of the experiments would have to remain 
the same ; and the speed of the launches must be regulated 
by the same law as that of the models. 

The turning qualities of such launches might be verified 
y comparing them with the turni ualities of the ships 
as found by actual experiment ; and then the models might 
be handed over to the officers of the ships, and they might 
practise encounters and mancuvres until they knew, not 
only what they could do with their ships, but also what 
it was best to doin order to out-mancuvre such other, 
and this without any cost or risk 
_ The behaviour of the models would be in all respects 
similar to that of the ships, the only difference being that 
the manceuvres would be on a smaller scale, and the scale of 
the manceuvres would be the same as that of the models, 
so that the step from the models to the large ships would be 
| ; and familiarity with the working of the ships as 
well as the models under ordinary circumstances would 
prepare the officers for using the ships in an actual fight 
as they had been accustomed to use the models in their 
a encounters. The scheme here proposed has its 
in military schools, although “autumn ma- 
neeuvres”’ and sham fights afford soldiers a much better 
opportunity of preparing themselves for battle than any- 
ing at present within reach of the sailors, still the 
game appears to be growing in favour more than practising 
manceuvres in miniature. 





Tae SewaGe QuEsTION aT NuNEATON.—The local 
authorities of Nuneaton, Warwickshire, have for a long 
time past been under great difficulties in respect to the dis- 
posal of their sewage. Previous to 1871 it was allowed to 
run into the Arker, a small stream that traverses the town. 
But this watercourse was, independent of the sewage, little 
better than a filthy ditch, being made the sanaitede of all 
kinds of refuse. The authorities sought the aid of the 
Native Guano Company, but a pro arrangement fell 
through. However a loan was obtained by consent of the 
Local Government Board, and works were erected and land 
purchased for the joint que of using both precipitation 
and irrigation. Fora long time these works were kept 
idle, but at last the Nuneaton Board made an arrangement 
with the General Sewage and Manure Company (Limited), 
whose works at Coventry were opened last year. This 
company first failed to treat all the sewage sucessfully, and 
consequently the authorities, under fear of injunction, had 
recourse to re-entry with the intention of working the 
sewage themselves. Last August, however, the General 
Sewage Company was ordered to be wound up on the peti- 
tion of Lord Ellibank, the chairman. Under these circum- 
stances the Nuneaton Board sought the aid of the Court of 
pe cede ti aie cee ae Ge 

eir taking possession t 1 g wae 
sewage themselves. We wish them well in their attempt, 
but greatly doubt its success. 
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THE BERLIN KINEMATIC MODELS.* 

By Professor ALEx. B.W.Kznnuzpy, Univer.Col., London. 

Most of the models, of which a small number are upon 
the table before you, are a portion of an educational col- 
lection, designed by Professor Reuleaux, the Director of 
the Royal Polytechnic Academy in Berlin, for use in the 
classes of that institution, the rest have been sent to the Ex- 
hibition by Messrs. Bock and Handrick, of Dresden. They 
have been designed chiefly to illustrate Reuleaux’s Theory 
of Machines, a theory which differs in some very important 
respects from any treatment of mechanisms hitherto 








raises water from such a place, in such a » and delivers 
it at such a place. The complex idea which we cover by 
ound a place in the writer’s 


the 2 pump, had not yet 


min 

Presently it was found, of course, that machines were 
not all erent from inning to end, but consisted of 
various combinations and repetitions of similar elements ; 
these elements in time became more distinctly recognised, 
and were called mechanisms. Each machine accordingly 
was not now described as a whole, but was analysed into 
the mechanisms of which it consisted, and these received 
separate treatment. Very much valuable matter has been 
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Fie. 9. 


adopted. Looking at the models by themselves, some of 
them seem extremely intelligible, and some very much the 
reverse. I shall endeavour, in the very limited time at m 

disposal, to point out the leading ideas which run r hetine | 
the whole, and connect these very familiar mechanisms 
with those more complex ones which, although differing 
=> degree from the former, appear at first sight so 
en 


ly - A 

In the old books upon machinery, such as that of 
Ramelli for instance (1588), each machine was taken up by 
itself, and treated as a whole, from beginning to end. One 
kind of pump after another may be described, but without 
any —— of their essential identity, or the use of 
any single word to express the concept pump. Each 
machine is described separately as an apparatus which 


* Paper read at the Collection of Scientific Instruments 
at South Kensington. 











Fria. 10. 


written upon machinery from this point of view. In our 
own country, Professor Willis especially gave most valu- 
able contributions to the science of machi on this 
basis. Hitherto, however, we have stopped at this point. 
We have obtained each.mechanism ‘‘ somehow,”’ but have 
not yet troubled ourselves as to how it was invented, or what 
its elements were. We have, thatis, analysed the machine 
into mechanisms, but we have not yet analysed the me- 
chanisms themselves. We are all familiar with the inte- 

ing and valuable work which has been done in the way 
of lysing the motions of particular pieces or members 
of a mechanism after it has been presented to us, but it 
cannot be denied that in all cases the mechanism itself has 
been in the first place taken as a whole. 

Professor Resonant: has attempted to perform the final 
analysis to which I have alluded, and to discover of what 
elements the mechanism consists, and how these elements 
have been combined. He starts from what appears to be 
the fundamental principle of every machinal combination 
or arrangement ; that each particular part of the combi- 
nation must have at each instant only one definite motion 
relatively to every other part. If, in any machine, there be 
a piece which at any one instant can move in two directions, 
there is obviously some defect in the machine. 
are familiar with the many devices that have to be employed 
in connexion with certain mechanisms to carry them 
across ‘“‘ dead-points,’’ &c. This condition, that it shall be 
impossible for any point in a machine to move at any 
instant in any direction other than that intended, is a uni- 
versal one. The way in which it is satisfied is by aie A 
certain pertions of those pieces which form the machine 
suitable geometric forms. These forms are arranged in 
pairs, in such a way as to be reciprocally envelopes one of 
the other. The one piece, then, so encloses the other, on 


account of the forms given to both that each can move 











r one way relatively to the other at any instant. The 

n of such pieces is called constrained motion. Let me 

take a simple case—a screw and nut. These two pieces 
are formed in such a way that the nut can move only in 
one way at any instant relatively to the screw, and the 
screw in one way relatively to the nut. If the pitch of the 
screw be made zero, we have simply a pair of solids of revo- 
lution, or “‘revolutes,” having such profiles at the end as 
to prevent any axial motion ; and in we have a pair of 
mutually enveloping forms, whose tive motion is abso- 
lutely constrained. If, on the other hand, the — be 
made infinite, we have a pair of prisms, in which the only 

















Fia. 11. 
possible relative motion is axial. In the first case, the con- 


strained relative motion is twisting; in the second, it is 
turning (twisting without any translation), and in the last 
case, where the pitch is infinite, it is simply sliding (twist- 
ing without any turning). You recognise, in these three 
pairs of bodies, the geometrical forms which are used in 
ninety-nine cases out of a hundred to constrain the 
motions of a. oe bodies as these Reuleaux calls 
airs of kinematic e ts, and when they have the pecu- 

ty that one entirely encloses the other, lower pairs, or 
closed pairs. 

It is not essential, however, that one should enclose the 
other. There are before you a number of examples of 
——_ pairs, the bodies of which mutually constrain each 
other without complete enclosure. I may briefly point out 
the nature of one of these (Wig. 1.) The one element is an 
equilateral curve-triangle, which possesses the emcee 
that any pair of mts to it are at the same 
distance apart. The second element is a square, the side- 
length of which is equal to this distance. The two elements 
always touch each other in four points, the normals to these 

ints intersect in one point, and at any instant motion can 

e place about this point only. The two bodies form a 
pair of elements in exactly the same sense as before, but 
with one important difference. In the lower pairs the paths 
of all points in the moving element are similar. Brey 
point in the moving element of the twisting pair, for in- 
stance, moves in a helix of the same pitch, all points in that 
of the turning pair in concentric circles, &c. Here, how- 
ever, the paths of all the points are different. Some of 
pony! are very beautiful curves, as you will see if you 
can follow the motion of the pointer in the model (see Fig 2). 
paths are, in this case, combinations of epi- hypo- 
trochoidal arcs. I cannot f° more into their 
nature, I merely show them to illustrate the fact that en- 
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closure ‘an essential characteristic of pairs of elements | ther ; we can fix, for instance, the crank. We get thus a| different methods. Centroids have not, so far as I know. 
powemtdek de Le mw Se f doubtless familiar to most of my hearers (Fig. | been used in h text-books’ hitherto, but have not un. 
If two elements be together by _a body of 9), and which has often been described applied, Sir | frequently f more or less ext: use in C and 
form whatever, we have what is called a kinematic link. | Joseph Whitworth, for instance, has used it as a quick | French works, ar gy static and kinematic problems. 
If I take, for instance, this nut, and fasten it to this open|return motion. If the link 6 revolve with a uniform | Among the more recent books in which I have noticed them, 
cylinder, I have such a link, This solid cylinder, connected | velocity it gives to d the varying velocity which has. been so | I may mention Dwelshauvers-Dery’s ‘‘ Cinematique,’’ 
to the screw, gives another link, and so on. By ae pee Nee Lag aero mses poe ae = hn Bd Bewegung und der Kraft,” and 
together a number of links bination w chain as before, choice of a different or s “Grap <a tr 
Reuleaux has called v Se stationary one. In y in| — Considering ple be motion of bodies instead of 


T 
In the particular chain barry > re (rig. 3 “thers 

; ve . 3), there 
are four links. Each link is a bar rigid): Pid Bes Marae 
elements, and these elements belong in each case to a turn- 
ing po wey pr of elements. Before me on the table are 
a number of other chains made up of links, and containing 
both turning and sliding pairs of elements. 

I must sey ae om omen aR a matter which is of 

simplici eq great importance. 
If I take any pair of ents in Aarg and move it, 
you see at once that although the aiitons of each element, 
relatively to the other, are perfectly determinate, the abso- 
lute motions are so —_,- They may move 
anywhere in space. In kinematic chain there is just the 
same pm It is none the less important that it is 
almost absurdly obvious. The motions of every link rela- 
tively to every other, in other words the relative motions 
of the links, are absolutely determined ; the absolute motion 
of the whole chain, or, what is the same thing for our pur- 
, the motion of the links relatively to this table, is 
Rett entirely indefinite. 

The conversion of the relative motion into absolute 
motion (in the restricted sense in which we have used this 
expression) is a very simple matter. In the case of the pair 
of elements, all that is required is that one element should 
be fixed, that is prevented from moving relatively to any por- 
tion of space which is, for our purposes, stationary—it may 
be toa room (as here),or toa railway carriage, or a ship, &c. 
The same method applied to the kinematic chain enables us 
to convert the relative motions of the links into absolute 
motions. We must, that is to say, fix or make stationary 
one link of the chain. 

A combination of kinematic links, therefore, whose abso- 
lute motions are unconstrained, is a kinematic chain. The 
same combination, when one of its links is fixed, forms 
what is universally known as a mechanism. By fixing, for 
instance, the link ah (Fig. 3), we obtain a mechanism 
similar to the beam and crank of an ordinary beam engine. 
But the chain hus four links, and it is obvious that I may 
fix any one of them. The combination, that is, the kine- 
matic chain, remains the same, but the nature of the 
mechanism may be pee altered. Suppose, for instance, 
the link c b be fixed, we obtain a mechanism which you see 
at once differs entirely from the last, and which you will 
recognise as the common drag link coupling. 

A mechanism is, therefore, a kinematic chain of which one 
link is fixed. Two links ¢annot be fixed simultaneously 
without making the whole chain immovable. Any one 
link, however, can be fixed, and thus from any chain we 
can obtain as many mechanisms as it has links. I shall 
endeayour to show you, by a few illustrations, what a 
wonderful insight this gives us into the nature of some 
familiar mechanisms. I will only mention in ing what 
may, perhaps, be new to some, that this chain (Fig. 3), with 
which we are so very familiar, is not movable because the 
axis of all these pairs is 1, but because they all inter- 
sect in one point. In this particular case that point is at 
an infinite distance, but the chain moves equally well if the 

i a en be at a finite distance, . is shown in 

ig. is mechanism many engines (disc engines, 
&c.) and other machines have been based. Hooke’s uni- 
versal joint is a familiar illustration of it. 

In order to obtain the constrained motion of a closed 


pair, it is not n that both elements should be con- 
8 as as in the cases we have hitherto looked at. 
Grooves might be cut down the sides of a pin, for instance, 


without affecting its motion in an eye. Professor Reuleaux 
has made some investigations, which I can only mention 
here, on the extent to which this process can be carried. 
Without further , I have no doubt you will recognise 
at once that by the use of the slot and sector of Fig. 5 
instead of the pin and eyo 9 h (Fig. 3), no change has been 
made in the chain. The complete cylinder has been 
someone a sector and a slot concentric with it, but of 
totally different diameter ; the motions remain absolutely 
identical. We obtain thus a v convenient method of 
altering the length of the links of the chain, for the link 
g has now taken the form of the sector c (Fig. 5). To 
make that link longer, therefore, all we have to do is to 
give the sector a larger radius. If we make the link infi- 
nitely long, the sector becomes a prism, working in a 
straight slot of which the axis passes through the centre of 
the pin 1 (Fig. 5), and we obtain this very familiar chain 
ig. > = i 1 -- of the — steam 
engine. is rom ormer merely by increasing 
Ss Magee Seost ee making them infinitely long 
Now, I particularly wish to draw your attention to this 
chain, because it is very familiar, and because by.its inver- 
sion, that is by fixing one or another of its links, we get 
such very notable results. I have already fixed one link 
ig, 6), and you have seen the common steam ine 
iving train. If I fix another link, say the co ing 
rod, we —y * —— a you a 
recognise as the driving i common oscillating 
engine (Fig. 7). This distinctly if we 
reverse the ry tgs 4, making the link d carry the 
full prism, and the link c the open prism (Fig. 8). The 
in Fig. 6) the piston and ted, and’ (the connecting rod ia 
s » and 6 ( in 
th te framing of the engi 


~ 


| 


af 


of the di ing and oscillati i S| 
Shit’ cetenaed ul betinee poate oul tc 
the same chain, the only kinematic difference between 
them being in he link i - But 


we can go fur- 





neral it is constructively disguised 
te only recognisable with difficulty, but 


such a way as not to 
4 nalysed 


when put in this schematic form it can easily be a’ 
into its kinematic elements. 

From the same chain, we may obtain one more mecha- 
nism by fixing the block (Fig. 10). This mechanism has 
been seldom used, but it is occasionally employed. The 
motion of the link a is now characteristic. 

We must now proceed to look at a few other leading 
ideas illustrated by these models. First, we may notice 
that as long as the form of the elements of the pairs remains 
unchanged, their relative size is a matter-of indifference. 
We have already seen this incidentally in comparing Figs. 
Sand 5. By utilising this principle we can obtain a great 
number of very different-looking forms of gne and the same 
mechanism. odels of many of these are on the table be- 
fore me ; some of them are constantly used by engineers, 
others have been seldom or never app ied. The ordinary 
eccentric is a familiar illustration of this ‘‘expansion of 
elements.’’ It differs from the train shown in Fig 6 only 
in the relative size of two of its elements. The turning-pair 


at 2 (Fig. 6) is made so large as to extend beyond the 
air 1; all the motions in the train remain, however, as 
fore. 


I cannot here diseuss the less familiar-looking mecha- 
nisms before you; I can only direct ed attention to them. 
Some of the most extraordinary looking of them have met 
with frequent application in forms very much disguised 
constructively. I will only repeat, that although the rela- 
tive sizes of the elements are altered, their relative motions 
remain unchanged. 

In order to illustrate the way in which the system of 
kinematic analysis, which I have sketched to you, can be 
applied to actual machines, Professor Reuleaux has exa- 
mined analytically an immense number of those unfortunate 
devices called rotary engines, on which so much ingenuity 
and excellent brainwork has been wasted. In his ‘‘ Theo- 
retische Kinematik,’’ he gives illustrations of between sixty 
and seventy of these aio, eiulpring every one of them 
into one or other of the three chains which we have been 
examining (Figs. 3, 4, and 6). The inventor has generally 
called his machine “‘ rotary’’ because of some notion that 
there were more rotating parts, or more direct rotation, 
than in the ordinary engine. While there are « few engines 
in which that is the case, in the vast majority it is entirely 
a mistake. Here is one (see Fig. 11) which has been in- 
vented over and over again. I believe it was invented for 
the first time in 1805, by a Mr. Trotter ; it was re-invented 
in 1831, 1843, 1863, 1866, 1870, 1872, 1873, and possibly at 
many other times. One gentleman, whom I see here, told 
me t+ he had invented it himself twenty years ago! 
After all, it is absolutely identical with the chain of Fig. 6. 
The link fixed is the crank, so that, as a’ mechanism, it is 
represented by Fig. 9. Iam sorry my time will not allow 
me to prove this, but by analysing the pairs of elements 
which it contains it shows itself at once. Many other ro- 
tary engines of which there are models on the table are of 
the same kind. Here is one which was exhibited at the 
Exhibition of 1851, and which attracted a good deal of 
notice at the time—Simpson and Shipton’s rotary engine. 
It is really nothing more than the mechanism shown in 
Fig. 10, although its constructive form so disguises its real 
character. I might go through a great many more in the 
same way, but time compels me to leave this part of my 
subject. 

In Reuleaux’s work, to which I have alluded, and of 
which I have just completed the English translation, he 
uses a method which, while it is by no means original with 
him, has never been formerly developed to the same extent 
and in the same way. I must try in a few words to indi- 
cate the general nature of this method. If we have any 
plane figure moving in a e, its motion, at any instant, 
may always be consid as a motion about one particular 
point (it may be at a finite or an infinite distance), and this 
point is called the instantaneous centre for the motion of 
the figure. The body may continue to move about the same 
point, in which case the instantaneous centre becomes a 
permanent centre ; but in general the motion of the body 
in successive instants is about different points, each being, 
for the time; the instantaneous centre. The locus of the 
points which thus become instantaneous centres for the 
motion of cap Sone: pees aunve, eae js'-aled Sy 
Reuleaux Polbahn, for which I propose the use of the 
word centroid. If we have any two figures A and B, the 
relative motion of which is coustrai 
tive oe B to A absolute 
movi . as many points in 
80 on Wo-ecuntonst the curve. This centroid remains, of 
course, stationary, like the figure A, and is called the cen- 
troid of A. By fixing B and moving A relatively to it, we 
can in the same way obtain the centroid of B. We have 
then two curves, one connected with each figure, and these 
possess certain properties which are of great value in the 
study of mechanism. As the move these curves roll 
upon one another, and their point of contact is always the 
instantaneous centre of motion for the time being. It is, 
of course, impossible for me to prove these or any other 

roperties of these curves here ; many gentlemen here must 

uite familiar with the proofs. I must content myself 
with simply showing you these models of mechanisms in 
which the centroids are constructed in such a way that their 
rolling can be distinctly seen. By the aid of these centroids 
we can treat a great number of problems in an extreme! 
simple and beautiful manner, can treat complicated and 
simple problems by one general method, instead of using 


ty fixing A, we can, by 
e 


centroid as we wish, 





trained, and make the rela- | dr 








the 
plane pe yoke only, the instantaneous centre becomes an 
axis, and the centroidal curve a ruled surface, the locus of 
all the axes. These surfaces are called avoids. For bodies 
moving parallel to themselves, they are cylinders ; for bodies 
having motion about a fixed point, cones; and for general 
motion in space, general coed surfaces, in general non- 
—- of which successive generators twist upon each 
other. 

I shall only mention one more point in connexion with 
the subject before us. Professor Reuleaux has devised, for 
the purpose of aiding his kinematic work, a system of nota- 
tion founded upon his analysis, which can be used to repre- 
sent these mechanisms in a perfectly simple manner. Of 
course, to write down a description of them is a long matter, 
but hitherto we have not known their real nature analyti- 
cally, and therefore could do nothing else. Now that we 
do know it, we may treat them exactly as we do chemical 
compounds where, instead of writing down the whole names 
of everything, we use short symbols for known elements. 
This kinematic notation I can do no more than mention. It 
seems to me very original, and I have myself found it very 
useful in the analysis of really complicated machinery. 
Mechanisms of + apparent complexity come out, often, 
in forms of wonderful simplicity, and one’s work is 
made at the same time much more easy and much more 
satisfactory. 

These models are very beautiful, but they are also neces- 
sarily somewhat expensive. I have here a couple of wooden 
ones, however, which. will serve to show that they can be 
constru and used in schools without any very extra- 
ordinary cost. These two models, and also the stand for 
carrying them, have been made for me by M. Paul Nolet, of 
University College. 

I must now thank you for the kind attention with which 
you have listened to my sketch of the nature of this beauti- 
ful collection of models, and I should like also to take this 
opportunity of thanking Herr Kirchner (of Berlin) for the 
kind way in which he has prepared and arranged them for 
me. 








THE DESILVERISATION OF LEAD. 

On Lead Desilverising, by the Zine Process, as carried 

on by Messrs. William Lang and Co., Clyde Lead Works, 

Glasgow.* 

By Mr. J. E. Stopparr. 

THE treatment of argentiferous leads with zinc, for the 
purpose of extracting thesilver, and refining the lead, is by 
no means a novel process. About twenty years ago, a 
metallurgist named Parkes took out patents for desilverisin 
rich leads by means of zinc, and a manufacturing firm adop 
his process. They were, however, subsequently obliged to 
abandon it, in consequence of the difficulty experienced in 
the separation of the zinc from the concentrated silver, to 
admit of the cupellation of the latter metal. A German 
chemist, named Flach, afterwards took up the subject, and 
by running the alloy of zinc, silver, a lead along with 
iron slag, through a peculiarly constructed blast furnace, 
he was enabled to free the concentrated silver-lead from 
zinc. He also proposed the use of this furnace for the re- 
moving of traces of zinc from the desilverised lead, but 
this was abandoned in favour of the ordinary ‘‘ improving” 
orcalcining pan. The operation with the blast furnace was 
found to be very troublesome, and as the greater portion of 
the zinc was entirely lost it was by no means economical. 
M. Manes, of Messrs. Guillem and Co., Marseilles, who 
were the first to work Flach’s process, found out and 

tented a simple means of treating the alloy, and recover- 
ing the zinc by distillation. This is the process now in use 
and known as the Flach-Guillem process, and which is 
carried on at the Clyde Lead Works in the following manner : 

About 18 tons of ‘‘ rich lead,’’ containing generally from 
60 to 70 ounces of silver me ton, are melted in a large cast- 
iron pot. One per cent. by weight of zinc is added, and the 
whole well stirred for twenty minutes. The fires are drawn, 
and the contents allowed to settle and cool until the zine 
rises to the surface, and forms a solid ring or crust con- 
taining the silver and other foreign metals. This alloy is 
removed to a small 7 at hand, where part of the lead is 
‘* sweated”’ out, and the alloy hevenghite dried. : 

The large pot, with the lead now partially desilverised, 
is again heated up and treated in the same way as before, 
but with the addition of only one-half per cent. of zinc, 
which when it has risen to the top is removed as before and 


ied. 
A third addition of one-fourth per cent. of zinc is found 
to take out the remainder of the silver, care being 


bl 
observed, on the —_— of this zincing, that all the crystals 
are skimmed off. 

The lead in the large pot is assayed and found almost 


always to contain less than 5 dwts. of silver to the ton of 
lead ; if it should happen to contain more, it is due to care- 
lessness on the part of the workmen. f 

The pot is now tapped and the lead ran down into an 
“‘improving”’ pan, where it is kept at a high heat for nearly 
eight hours, for the purpose of oxidising or burning off the 

percentage of zine which is left in it from the zincing 

process. After seven or eight hours’ firing in this pan, it 
should contain no trace of zinc. It is then tapped and run 
into moulds for market lead, or for the manufacture of lead 
products. 

The old “‘ improving’ pans were made of cast iron placed 

* Paper read before the Chemical Section of the British 
Association, @ w Meeting. 
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on a bed of sand with a groove in the upper sides 
groove was filled with Won ash to prevent this 

oxide of lead on the iron. These pans, from th 
way of the bone ash and the great wear and tear 
iron from the high heats necessary, were found to 
troublesome and expensive, being very often under 


; 


4 
8 


g 
g 
o 
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and seldom lasting more than six or eight months. ey 
have been su by an ‘‘ improving” pan of cast iron 
lined inside with brick. This pan instead of being placed 


on a bed of sand, as was the case with the old “‘ improving 
pan, is hung on brick walls, and is quite open both below 
and round the outside. has been wor! in the 

tentees’ works, Marseilles, for some years, and at the 
Biyde Lead Works for the last eighteen months, without 


any breakdown. It burns no more coal and can beas econo- | to 


mically worked in every way as the old pans. 

After being dried the zinc and ‘silver alloy is melted in 
a plumbago crucible, covered on the top, well luted wi 
fireclay, connected with a cast-iron receiver by means of a 
plum pipe, and fired up with coke, The zinc distils 
over and is condensed in the iron receiver. After all the 
zinc has been distilled, the pire is disconnected, the cover 
removed, and the liquid lead and silver alloy remai 
in the crucible is ed out into m ence it 
taken to the refinery, where it is cupelled in the usual way, 
and the block of metallic zinc recov in the condenser is 
removed and used over again in the first part of the pro- 
cess. All the oxide of lead and dross formed in the dif- 
ferent o tions are taken to the reducing furnace, mi 
with dross and reduced back to the metallic state. The 
dross from this furnace still contains some lead, and is put 
through the slag hearth, which is a blast furnace fired with 
coke. The fumes of lead oxide from this blast furnace are 
condensed in what is known as Johnstone’s patent con- 
denser, and are all recovered. 

The lead from the slag hearth, which contains a number 
of impurities, as copper, antimony, iron, sulphur, is taken 
to the “‘ improving”’ furnace, which is built in ly the 
same way as the dezincifying pan. About 20 tons of this 
lead are heated for a period which generally ranges from 
four to five days; but the time varies_accordi 
amount of impurities present. The oxidised impurities, 
as they are formed, float to the surface, and are skimmed 
off by the workman, who is made to keep the lead per- 
fectly clean, so as to have afresh surface always exposed 
to the action of the flame. The dross skim: off is at 
first of a black colour, but gradually it becomes lighter as 
the operation goes on, until it shows nothing but yellow 
oxide of lead. When this appearance is noted the pan is 
tapped into moulds, or into the desilverising pot, where it is 
treated with zinc, and the silver extracted as in the manner 
before described. 

By this process, the lead can be desilverised and turned 
out in the shape of market lead in thirty hours from the 
time it is put in process; the loss in working being not 
more than 1} per cent. 

That all the silver is thoroughly taken ont may be seen 
from the ‘fact that there is an excess of silver, obtained on 
the large scale, to the extent of nearly 2 per-cent. over the 
o> ie An analysis of the market lead gave antimony 
0015, and silver .0004 per cent., a trace of copper, but no 
iron or zinc, from which it will be seen that the Toad refined 
by the zinc process is almost yoy | pure, and to this 
2 -— the finer quality of the products manufactured 

rom it. 








THE STOBCROSS DOCKS, GLASGOW.* 
By Mr. Jamzs Dzas, C.E. 


Tue author said the paper had been pre at the 
request of the Lord Provost of Glasgow, chiefly with the 
object of giving the Association some information - 
ing the novel system of quay wall substructure now bei 
carried out in the construction of these docks. Thirty- 
five acres of ground for docks at Stobcross were purchased 
by the Trustees so long ago as the year 1845, and an Act 
for their construction was obtained in 1846. Until within 
the last four or five years, however, the Clyde Trustees 
were unable to obtain ground along both ins of the river 
sufficient for the required quay extension, the river itself 
forming the water space made to their free of cost, 
save for a little dredging in front of the quays; and it was 
only when that ground was nearly all utilised for quayage 
that their attention was seriously turned to the construc- 
tion of docks. The docks originally proposed to be made 
at Stobcross were to consist of a ti in and a wet 
dock, having together 1458 lineal yards of quay, 16 acres 
of qua , and 17 acres of water space. 

In 1864 the rq and Glasgow Railway Company, 
now merged in the North British Railway Company, 
obtained an Act to make a railway from their Helens- 
burgh branch to the authorised docks, with a station 
immediately on the north side of the docks, and to make 
a branch to the Clyde Trustees tramways, for which an 
Act was obtained the same year. But no action was taken 
towards constructing either the railways or the tramways, 
and financial difficulties having occurred with the railway 
company, they proposed, in 1869, to apply to Parliament 
for permission to abandon the railways. The Clyde 
Trustees objected to this, and an agreement was come to 
whereby the railway company consented to proceed with 
the railways, and to remove their station further north to 
enable Fe om to be constructed, as recommended by 
Mr. J. F. Bateman, C.E., and the author of this paper, in 
their joint report to the Trustees, dated September 21, 1869. 
And the Clyde Trustees agreed, ae to Parliamentary 
sanction, to contibute a loan of 150,0001. towards the 
making of the railways. Acts were obtained in 1870 by the 
railway company for the removal of the site of the station, 


* Paper read before the Mechanical Section ritish 
Association, Glasgow meeting. nT 





rding to the | closed 





ae 
chore 


$ 
A foaE 


ith wis neotinary’ to earn, by boring, the character of the 


ground a Which the walls were to be placed. For this 
res were pu' wn along lines of quay 
Palla, add it was sncestatped that the strata was the worst 
possible in which to construct in the usual manner such 
works—consisting entirely as it does, except at the north- 
west corner where boulder clay was found, of water- 
vel and sand, interspersed with pockets of mud ; and tha‘ 
reach the rock, except along a portion of the north quay. 


would be out of the question. 
Owing to the enormous quantity of water, the walls could 
mixed | not, except in the boulder clay at any reasonable di- 
ture, havé been constructed by excavating trenches to the 


required depth in the gravel and sand; in consequence, 
concrete cylinders, which had been recommended to the 
torpraventt ia the wnpectoltendy alletot nn wane ahopted, 
myself in the repo’ 
and the first contract for the docks, amo to fully 
160,0001., was let in August, 1872. The first work, how- 
ever, contracted for in connexion with the docks was the 
diversion of the Pointhouse-road from the river side to the 
north side of the — which i 


among geologists. . 

The road = Hy yee to Sgr 
street, a length o yards, is . wide, a 
depth of cutting was 29} ft., the greatest depth being 434 ft. 
The total a material removed ger ction 
was nearly 300, 
was boulder clay, which only the immense powers of dyna- 
mite could remove. The cost of the road, including land, 
amounted to about 45,0001. 

The north quay wall of the docks, so far as constructed, 
being founded on the boulder clay, is of the usual descrip- 
tion, the only difference being that rubble set in Portland 
cement concrete—a much superior mode of construction— 
is employed for the backing, instead of rubble built with 

m 


ortar. 
All the other walls, as also the seat for swing bridge, 
having to be built in quicksand or gravel, concrete cylinders 


were adopted. 
The Gunton for ing the quay wall are in grou 
of three, made in rings 2 ft. 6 in. by ft. 11a, tick ) 
sand, 


in its co: 


in movable wooden moulds, on a orm ; the concrete 


consists of five of gravel, or broken stones and sharp iY 
to one of P cement of the strongest description, 
mixed together by steam power, in a mixer designed for the 


to bring the mass into a plastic 


purpose, water being 
state. ‘To facilitate et rings are divided into three 


put into the eylind te dividing of the sis vor 
in’ cylinders. e 0 is 

simply effected: malleable iron division plates fin. thick 
poms She across the wooden moulds in the positions re- 
quired before the concrete ig filled into them, the concrete 
is then put in and well punned with hammers weighing 
25 lb., so as to secure homogeneity and a smooth surface. 
Twelve hours afterwards the division plates are withdrawn, 
and two days thereafter the wooden moulds, and in a period 
varying from nine days in the hot weather of summer to 
three weeks in the rains of winter, the rings are ready for 
removal and building. The contents of one ring com; 

is 103 cubic yards, and the weight 18 tons; the heaviest 
portion weighs about 6 tons. — , ; 

The cylinders are each 11 , or 27 ft. 6 in. in height ; 
the bottom ring differs from the others, and is called a 
*<corbelled ring,’’ because it is less in thickness at the 
bottom, to fit into a cast-iron shoe, and tapers inwards to 
the full thickness of 1 ft. 1lin. The shoe is 2 ft. deep, of 
1 in. metal, and of the same external size and shape as the 
rings; the under side of Seay eee ee 
the shoe, 6 in. below the top edge of shoe. This shelf is 
formed by an inner ring of cast-iron 1 in. thick, projecting 
at the top 12 in. in from the inside of the outer side 
eee jalan tht petasiapy ten booming a, entiing Sage 
w it joins r ring, thus forming a 
to the shoe, the wedge-shaped space between the outer and 
inner ring being filled up with concrete. 

The shoe is only = the outer ee or era of the 
*‘eorbelled ring,” the inner parts of the ring bei 
unshod. The shoe ighs about 4 tons 10 cwt., and for 
convenience in placing it in the trench is made jn si 

In p ing with the construction of the substructure, 
a trench is cut on the line of the quay bottom 
of this trench is about 12 in. below low-water level, where 
it is made 21 ft. wide, the sides of trench sloping upwards 
with a batter of le Reger ew ye 1 ~~ r, and the 
necessary staging is erected to carry yelling cranes 
and digging apparatus. On the bottom of this trench the 
shoes are placed exactly in the line of the quay wall. The 
space between the outer and the inner rings of shoe is filled 
up with concrete, as already explained. The ** corbelled 
is 


ring’ on the shelf in the shoe, and bolted to it by 
thirteen 14-in. bolts, a malleable iron ring 5in- by ¢ in. 





alluded to; were adopted, | built 


cubic yards, of which about a fourth | where 


hour, In 
, however, 


When the group has been sunk, it is cleaned out by 
means of the diggers to the level of the bottom of the shoe, 
and each cylinder ‘is then filled to the to; 

cement concrete, and on this foundation the quay wall is 


To effectually close up the apertures formed by the join- 
ing of each two groupe of cylinders, a timber ghock:pile, . 
25 ft: by 9 in. square, is dri behind, anglewise, 
so that a sharp corner may bear hard against each of the 


cylinders. 

The swing bridge across the entrance to the docks will 
rest on a f on unique in the annals of swing bee 
viz.,on @ group of concrete cylinders, twelve in number, 
9 ft. in external diameter, 29ft. in depth, by 23 in. thitk, 
resting on cast-iron shoes similar to those described for the 
quay wall foundations. The cylinders are sunk in the 
manner described, and after they and the interstices 

them are properly out, the whole voids are 
filled to the top with concrete, chock piles being driven 


BEL dic by S7ft Sin, ty Bit. deen th fecaibd; 3 
. din. . Sin. i ms formed, a 
stepped ashlar pier, 16ft. square at the bottom and 10 ft. 


uare at the top by 7 ft. , is erected to carry a block 
0 ord 7ft. square iy Bt, 6in. deep, on which the 
centre lifting press rests. The pier is surrounded by con- 
erete rubble—the whole forming a mass of masonry 
36 ft. 6in. by 32 ft. 6in. by 10 ft. 6 in. high, to level of floor 
of Bridge Press Chamber. 

The centre pier must sustain a weight of 800 tons, and I 
have no doubt but it will do so without failure, as I have 
already erected on the south quay of the harbour a similar 
foundation of concrete cyli twelve in number, to 
carry the seat of a 60-ton crane having a of 48 ft., 
the weight of the maso above the eyiaions being 
3800 tons, and 4 the crane 150 — R Wf. tan 
in use placing heavy machinery an on board new 
steam vessels for nearly two years, without the slightest 
yielding of the founda ; pangs the top of the 
seat is 35ft. above low-water level. ere is 18 ft, depth 
of water immediately in front thereof at low water. ; 

Considerable difficulty was experienced in securing stable 
foundations for the hydraulic rams for working the bridge 


and for capstans and side walls of t, the groun 
being loose and insecure where these to be adel. 
between 


e concrete cylinders placed apart and spanned 
by brick arches overcame the difficulty, and now the ma- 
of the seat and bridge spit are finished, and the rams, 
capetans, ey in position. 
e first the ground acquired for the docks was 
ht in 1845 at 6s. 6d. square yard, and the last in 
1872 at 35s. Since the latter date, ground in the immediate 
vicinity, but not so favourably situated, has changed 
hands at 65s. per yard. 
The total cost of the docks when fully equipped will ap- 
proach 1,500,0001. 
One hundred and sixty-four triple groups of concrete 
cylinders have now been sunk for quay walls at Stobcross 
Docks, and at Plantation Quay on the south side of the 


river, and 29 single cylinders for carrying crane and brid 
seats, ‘The mode of sinki is very interesting, and the 
members are cordially invited to witness the operation. 





THE BRITISH ASSOCIATION. 


Address to the Mathematical and Physical Section of the 
British Association, Glasgow, September 7, 1876, by 
S1r Wiii1am Toomson, LL.D., M.A., F.B.S., Pre- 
sident of the Section. 

A CONVERSATION which I had with Professor Newcomb 

ing last June, in Professor Henry’s drawing-room 


one 
in the Smithsonian Institution, Washington, has forced 
me to give all my spare th hts ever since to Hopkins’s 


problem of precession and nutation, assuming the earth a 
rigs Tisoded in Haglan’ after « atest thiecastine tats 
Ww am 

Sanath ant beck, and I became painfull 

I must have the honour to address 
sbi close ie Sak ee 
8 subject. I came e, 
ssed with much that T had geen both in the Great Ex. 
bition Philadelp! i it, 8 owing truest 
scientific a devotion, the , the inventive- 





ness, the pat persevering thoroughness of work, the 
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appreciativeness, and the generous open-mindedness and | which the nation is geoel, and She hasatenst work-| for the temperature at 60 kilometres, and does not i 
sympathy from which the great things of science come. ing of the United § patent laws, deserve notice in the} much more than 4000 . Cent. at ong dant heseeee 

“© Osrw Asysw Arpedag section of the British Association concerned with branches of | great, but does require at the great depths a temperature 
th - science to which nine-tenths of all the useful patents of the | of, at all events, not less than about 4000 deg. Cent. It 
Orrw ds Kadmov adei. weeld opathtle teentations, at ey -: oe the a vould net take much ~ heerying up” at the actions with 

I wish I could speak to of the veteran Henry, | Y#lence of pa inventions in the mn: it seemed | which they are concerned to satisfy geologists with the m: 
generous rival of F, A a dal ic di ; | to me that every good thing d a patent was patented. | moderate estimate of 50,000,000 of years. i woald 
of Pierce, the founder of high mathematics in America ; of | I asked one inventor of a Nag pe invention, ‘‘ Why don’t | imply at least about 3000 x F Cent. for the limiting 
Bache, and of the s i itage he has left to America | You patent it in England?’ He answered, “ The conditions | temperature at great depths. the actual substance of 
and to the world in the United States Coast Survey ; of the | 2 land are too onerous.”” We ‘ee | are far behind | the earth, whatever it may be, rocky or metallic, at depths 

+ school of astronomers which followed’; of Commander | America’s wisdom in this respect. If Europe does not | of from 60 to 100 kilometres under the pressure actually 
Belknap and his great exploration of the Pacific d by cmane its ba page & land * = 0 : te direction ° Pm gage by it, = be solid * oe of from 
i rte wi ith i appara i at proposed in the ore the wo sessions of | 3000 deg. to 4000 deg., then we may hold the former esti- 
et mete: Elbe Sane Uses ome ee Som Parliament) America will speedily become the nursery of | mate (90,000 000) to Gamelahie on tholilier (50,000,000 . 


lasgow, out of which he forced a success in his own way ; 
and of © in Sigsbee, who followed with like fervour 
and resolution, made further improvements in the ap- 
paratus by which he has done marvels of easy, quick, and 
sure deep-sea sounding in his little sercereng Ship Blake ; 
and of the admirable official spirit which es such men 
and such doi ay ay in the United States Naval 
Service. I w to tell you, too, of my reasons for 
confidently ing that ican hy hy will soon 
supply the data from tidal observations, long ago asked of 
our own Government in vain by a Committee of the British 
Association, by which the amount of the earth’s elastic 
yielding to the distorting influence of sun and moon will be 
measured ; and of my pveng Lege that the Compass De- 
ent of the American Navy will repay the debt to 
» England, and Germany, so appreciatively ac- 
nee in their reprint of the works of Poisson, Airy, 
Archi Smith, Evans, and the Liverpool Compass Com- 


useful inventions for the world. 


Harvard University, the Cambri 
John Hopkins University of 
youthful vigour has torn Sylvester fro 
genius and worki 
ype. and t 

e yo 
pr ag « death-bed in New York, ‘“* be 
to keep him alive just to finish his book, 


came a day too late to gratify his noble ambition. 





mittee, by giving in return a fresh marine survey of ter-| ture; the Flwidity or Solidity of its Interior Substance ; 

restris! magnetism to supply the navigator with datafor| the Rigidity, Elasticity, Plasticity of its External 

correct compass without sights of sun or stars. Figure; me the Permanence or Variability of its Period 
I should tell you also of ‘‘Old Prob’s” weather warn-| and Avis of Rotation. 


ings, which cost the nation 250,000 dols. a year, money well 
= say the Western farmers, and not they alone ; in this 
the whole people of the United States are agreed; and 
though Democrats or Republicans playing the ‘‘ economical 
ticket’”” may for half a session stop the appropriations for 
even the United States Coast Survey, no one would fora 
moment think of starving ‘Old Prob;”’ and now that 80 
oa cent. of his probabilities have proved true, and General 
yers has for a month back ceased to call his daily fore- 
casts “‘ probabilities’ and has begun to call them indica- 
tions, w will the Western farmers call him this time 
next year? And the United States Naval Observatory full 
of the very highest science, under the command of Admiral 
Davis. If to get on to precession and nutation I had re- 
solved to omit telling you that I had there, in an instru- 
ment for measuring photographs of the transit of Venus 
shown me by Professor Harkness (a young Scotchman at- 
tracted into the United States Naval ce) seen, for the 
first time in an astronomical instrument, a metrical 
slide—the verdict on the disaster on board the Thunderer, 
—- while I am writing this address, forbids me to 
eep any such resolution and compels me EP ont the ques- 
ri 


known to need any quotation of 


of rock or soil sensibly aff 


Centigrade 
in the neigh 


mate relationship to volcanic quality. 


of underground temperature, and none where tem 
diminishes at any time through 


which for a given number of 


left an arena surface of temperature of 10 deg. Cent. 
r 


tion: Is there in the British Navy, orin a h steamer , shows a decreasing temperature. 
or ina British land boiler another safety valve so constructed By eas effort of geological calculus it bas been esti- 
that by any possibility, at any temperature, or under any | mated that 1 d 30 metres gives 1000 deg. per 30 kilo- 


metres, and < per 
result is irrefragable, but 
drawn from it with marvellous frequency pertinacity 
that at depths of from 30 to 100 kilometres the temperatures 
are so high as to melt all substances composing the earth’s 
upper crust? It has been remarked, indeed, that if observa- 


stress it can jam? and to say that if there is, it must be 
instantly corrected or removed. 

Can I f° on to ion and nutation without a word 
of what I saw in the Great Exhibition of Philadelphia? In 
the United States Government part of it Professor Hi 
showed me the measuring rods of the United States t 
Survey with their beautiful mechanical appliances for end 
measurement, by which the three great base lines of Maine, 
Long , and Georgia were measured with about the 
same accuracy as the most accurate scientific measurers, 
whether of Europe or America, have attained in comparing 


a the Ualbet Sta Tel hi pape tI d 
e Uni' tates phic ent I saw an 
heard Elisha Gray’s splendidly worked out electric tele- 
P sounding four m simultaneously on 
he Morse code, and clearly capable of doing yet four times 
as — very moderate improvements of detail; and 
I saw Edison’s automatic telegraph delivering 1015 words 
in 57 seconds; this done by the long neglected electro- 
chemical method of Bain, long ago condemned in England 
to the helot work of recording from a relay, and then 
turned adrift as needlessly delicate for that. In the 
Canadian Department I heard ‘‘to be or not to be”— 
“*there’s the rub,”’ through an electric telegraph wire ; but 
cperuat, monosyllables the electric articulation rose to 
higher flights and gave me passages taken at random from 
the New York newspapers: s.s. Cor “has arrived’’ (I 
failed to make out the s.s. Cox) ‘‘ the City of New York,”’ 
** Senator Morton,’’ ‘‘ The Senate has resolved to print a 
thousand extra copies.” ‘‘ The Americansin London bave 
resolved to celebrate the coming fourth of July.” All this 
my own ears h spoken to me with unmistakable dis- 
tinctness by the thin circular disc armature of just such 
another little electro-magnet as this which I hold in my 
hand. The words were shouted with a clear and loud 
voice by my aay ju Professor Watson at the far 
end of the line, helding his mouth close to a stretched 
membrane, such as you see before you here, carrying a 
little piece of soft iron, which was thus made to perform in 
the neighbourhood of an electro-magnet in circuit with the 
line motions proportional to the sonorific motions of the 
air. This, the greatest by far of all the marvels of the 
electric telegraph, is due toa young countryman of our 
own, Mr. Graham Bell, of Edin h and Montreal and 
Boston, now becoming a naturalised citizen of the United 
States. Whocan but admire the hardihood of invention 
which devised such very slight means to realise the mathe- 
matical conception that, if electricity is to convey all the 
delicacies of quality which distinguished articulate speech, 
the strength of its current must vary contin and as 
nearly as may be in simple proportion to the velocity of a 
particle of engaged in constituting the sound? 

useum of Washi , an institution of 


imcrease of underground temperature in great depths, it 
would not be right to reckon on the uniform rate of 1 deg. 
per 30 metres or thereabouts down to 30 or 60 or 100 kilo- 
metres. ‘‘ But observation has shown nothing of the kind, 
and therefore surely it is most consonant with inductive 
philosophy to admit no great deviation in any part of the 
earth’s solid crust from the rate of increase proved by 
observation as far as the greatest depths to which we ,have 
reached !’”” Now I have to remark upon this that the 
greatest depths to which we have reached in observations 
of underground temperature is scarcely one kilometre ; and 
that if any falling-off of the rate of augmentation of under- 
ground temperature were sensible at a depth of one kilo- 
metre, this would demonstrate* that within the last 10,000 
ears the upper surface of the earth must have been at a 
Ligher temperature than that now found at the depth of 
one kilometre. Such a result is no doubt to be found by 
observation in places which have been overflown by lava’ in 
the memory of man or a few years further back; but if it 
were found for the whole earth it would limit the whole 
of geelogical history to within 10,000 years, or, at all events, 
would inte: an absolute barrier against the continuous 
descent of life on the earth from earlier periods than 
100,000 years + FH + although search in particular 
localities for a diminution of the rate of augmentation of 
underground temperature in depths of less than a kilometre 
may be of intense interest, as helping us to fix the dates of 
extinct volcanic actions which have taken place within 
10,000 years or so, we know enough from thoroughly sure 
geological evidence not to expect to find it, except in i- 
cular localities, and to feel quite sure that we s not find it 
under any considerable portion of the earth’s surface. If 
we admit as possible any such discontinuity within 900,000 
years, we might be no to find a sensible diminution 
of the rate at three kilometres’ depth, but not at any ee 
less than 30 kilometres if geologists validly claim as muc 
as 90,000,000 of years for the length of the time with which 


their science is concerned 

Now this implies a temperature of 100 deg. Cent. at the 
depth of 30 kilometres, something less than 2000 deg. 
* For proof of this and following statements 
underground heat, refer to ‘‘ Secular Cooling of the 





h,’ 
1 
and Thomson and Tait’s ‘“ Natural Philosophy,” Ap- 
pendix D, 





air 
The Patent 


I ought to speak to you, too, of the already venerable 
of America, and of the 
timore, which with its 
has utilised the 
power of Roland for experimental re- 
s after my arrival in America sent for 
Porter Poinierto make him a ls of R... he 
physicians 
then he would 
be to go.”” Of his book, ‘“‘Thermodynamics,”’ we 
— | hope to see at least a part, as much of the manuscript, 
and kind and generous friends to edit it are left: but the 
appointment to a fellowship in the John Hopkins University 


Physical Conditions of the Earth: its internal Tempera- 


The evidence of a high internal temperature is too well 
particulars at present. 
Suffice it to say that below the uppermost ten metres stratum 
f tem th . nd — 

variations 0: perature there is y found a 
gradual increase of temperature downwards, approximating 
roughly in ordinary localities to an average rate of 1 deg. 
thirty metres of descent, but much greater 
urhood of active volcanoes and certain other 
special localities of comparatively small area, where hot 
springs and perhaps also sulphurous vapours prove an inti- 
tis worthy of re- 
mark, in passing, that, so far as we know at present, there 
are no localities of exceptionally small rate of a 
considerable depth 
downwards below the stratum sensibly influenced by summer 
heat and winter cold. Any considerable area of the earth 
of, say, not less than a kilometre in any horizontal diameter, 
—- had been covered by 

snow or ice, and from which the ice had melted away and 


100 kilometres. This arithmetical 
what of the nye | conclusion 


tion showed any diminution or augmentation of the rate of f 


Transactions of the Royal Society of Edin h, 1862 ; | be aff 































































so far as evidence from un und temperature can le 
us; if 4000 deg. would melt the earth’s substance at a Sopth 
00{kilometres, we must reject the former estimate though 
we might still admit the latter ; if 3000 deg. would melt the 
substance at a depth of 60 kilometres, we should be com- 
pelled to conclude that 50,000,000 of years is an over-esti- 
mate. Whatever may be its age, we may be quite sure the 
earth is solid in its interior ; not absolutely throughout its 
whole volume, for there certai i. in voleanic 
regions occupied by liquid lava; but whatever portion of 
the whole mass is liquid, whether the waters of the ocean or 
melted matter in the interior, these portions are small in 
comparison with the whole ; and we must utterly reject any 
geological hypothesis which, whether for explaining under- 
ground heat or ancient upheavals and subsidences of the 
solid crust, or earthquakes, or existing volcanoes, assumes 
the solid earth to be a shell of 30 or 100, or 500, or 1000 
kilometres thickness, resting on an interior liquid mass. 

This conclusion was first arrived at by Hopkins, who may 
therefore ae be called the discoverer of the earth’s 
solidity. He was led to it by a consideration of the pheno- 
mena of precession and nutation, and gave it as shown to 
be highly probable, if not absolutely demonstrated y his 
confessedly imperfect and tentative investigation. But a 
rigorous application of the perfect hydrodynamical equations 
leads still more decidedly to the same conclusion. 

Iam able to say this to you now in consequence of the con- 
versation with Professor Newcomb, to which I have already 
alluded. Admitting fully my evidence for the rigidity of 
the earth from the tides, he doubted the argument from 
precession and nutation. Trying to recollect what I had 
written on it fourteen years in a paper on the “‘ Rigidity 
of the Earth,” published in the Transactions of the Royal 
Society, my conscience smote me, and I could only stammer 
out that I convinced myself that so-and-so and so-and- 
so, at which I had arrived a mathematical short cut, 
were true. He hinted that viscosity might suffice to render 
non- ae — — the same - if ae The t 
rigid, and so viti e argument for rigidity. is 
could not for a moment admit, any more than when it was 
first put forward by Delaunay. But doubt entered my 
mind regarding the so-and-so and so-and-so; and I had not 
completed the night journey to Philadelphia which hurried 
me away from our ished discussion before I had con- 
vinced myself that they were grievously wrong, so now I 
must request as a favour that each one of you on going 
home will instantly turn up his or her are of the Trans- 
actions of the Royal Society for 1862 and of Thomson and 
Tait’s “‘ Natural Philosophy,’’ vol. i., and draw the pen 
through §§ 23—31 of my paper on the “ Rigidity of the 
Earth” in the former, and through everything in §§ 847, 
848, 849 of the latter which refers to the effect on preces- 
sion and nutation of an elastic yielding of the earth’s sur- 


ace. 
When those passages were written I knew little or 
nothing of vortex motion, and until my attention was re- 
called to them by Professor Newcomb I had never once 
thought of this subject in the light thrown upon it by the 
theory of the quasi-rigidity induced in a liquid by vortex 
motion, which of late occupied me so much. ith this 
fresh light a little consideration sufficed to show me that 
(although the old obvious conclusion is of course true, that, 
if the imner boundary of the imagined rigid shell of the 
earth were rigorously spherical, the interior liquid could ex- 
perience no precessional or nutational influence from the 
pressure on its bounding surface, and therefore if homo- 
eous could have no precession or nutation at all, or if 
ee) epee only as much precession and nutation as 
would be produced by attraction from without in virtue of 
non-sphericity of its surfaces of equal density, and there- 
fore the shell would have enormously more rapid preces- 
sion and nutation than it actually has, forty times as much, 
for instance, if the thickness of the shell is 60 kilometres) a 
very slight deviation of the inner surface of the shell from 
perfect sphericity would suffice, in virtue of the quasi- 
igidity due to vortex motion, to hold back the shell from 
taking sensibly more precession than it would give to the 
liquid, and to cause the liquid (homogeneous or hetero- 
geneous) and the shell to have sensibly the same — 
sional motion as if the whole constituted one body. 
But it is only because of the very long period (26,000 years) 
of precession, in comparison with the period of rotation 
(one day), that a very slight deviation from sphericity 
would suffice. A little further consideration showed me : 

1. That an ellipticity of inner surface equal to 36,000 x 365 
would be too small, but that an ellipticity of one or two 
hundred times this amount would not too small to 
compel - opememeen equality of precession throughout liquid 
and shell. 

2. That with an ellipticity of interior surface equal to 
séo, if the precessional motive were 26,000 times as great 
as it is, the motion of the liquid would be very different 
from that of a rigid mass rigidly connected with the shell. 

3. That with the actual forces and the supposed interior 
ellipticity of 545, the lunar-nineteen-yearly nutation might 
i ‘ected to about 5 per cent. of its amount by interior 
iquidity. 4 
4. Lastly, that the lunar semi-annual nutation must be 
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largely, and the lunar fortnightly nutation enormously | thick and as stiff as steel, would be sensibly the same as | cisterns, one of them, the southern for example, of half a 
affected by interior liquidity. if the whole earth from surface to centre were solid and | decimetre diameter (to disturbance from capillary 

But although so much could be foreseen readily enough, | perfectly stiff. Hence m and nutations yield | attraction), and the other of two or three decimetres dia- 
I found it impossible to discover without thorough mathe- | nothing to say against such hypotheses as that of Darwin,* | meter (so as to throw the whole rise and fall into the 
matical investigation what might be the c and | that the cnt as a whole takes approximately the figure 


amounts of the deviations from a rigid body’s motion which 
the several cases of precession and nutation contemplated 
would present. The investigation, limited to the case of a 


liqui din an ellipsoidal shell, has 
brought out results which I confess have tly surpri 
ne, When the interior ellipticity of the shall is just too small 
or the periodic speed of the disturbancejust too great to allow 
the motion of the whole to be sensibly that of a rigid body, 
the deviation first sensible renders the precessional or nuta- 
tional motion of the shell smaller by a small difference than 
if the whole were rigid, instead of greater as I expected. 
The amount of this difference bears the same proportion 
to the actual precession or nutation as the fraction measur- 
ing the periodic speed of the disturbance | terms of the 
period of notation as unity) bears to the ion measur- 
ing the interior ellipticity of the shell; and it is remarkable 
that this result is independent of the thickness of the shell, 
assumed, however, to be small in proportion to the earth’s 
radius. Thus in the case of precession the effect of interior 
liquidity would ve to diminish the periodic speed of the 
precession in the proportion stated ; in other words, it would 
add to the ey period a multiple of the rotational 
period equal to the number whose recip measures the 
ellipticity. Thus, in the actual case of the earth, if we 
still take sds as the ellipticity of the inner boun of the 
supposed rigid shell, the effect would be to augment by 300 
days the precessional period of 26,000 years, or to diminish 
by about 2s sec. the annual precession of about 51 sec., 
an effect whichI need not'say would be wholly insensible. But 
on the lunar nutation of 18.6 years the effect would be quite 
sensible, 18.6 years being twenty-three times 300 days ; the 
effect would be to diminish the axes of the ellipse which the 
earth’s pole describes in this period each by 7s of its own 
amount. Thesemi-axes of this ellipse, calculated on the theory 
of perfect rigidity from the very accurately known amount of 
recession, and the fairly accurate knowledge which we 
ve of the ratio of the lunar to the solar part of the pre- 
cessional motion, are 9.22 sec. and 6.86 sec., with an un- 
certainty not amounting to one-half per cent. on account of 
want of perfect accuracy in the latter part of data. If the 
true values were less each by +s of its own amount, the dis- 
crepancy might have esca 
escaped detection ; but certainly could be found if looked 
for. So far nothing can be considered as absolutely proved 
with reference to the interior solidity of the earth from 
precession and nutation ; but now think of the solar semi- 
annual and the lunar fortnightly nutations. The period of 
each of these is less than 800 days. Now the pdvadrenestont 
theory shows that irrespectively of the thickness of the shell 
the nutation of the crust would be zero if the period of 





the nutational disturbance were 300 times the period of | gradual 


rotation (the ellipticity being s3s); if the nutational period 
were anything between this and a certain smaller critical 
value depending on the thickness of the crust, the nutation 
would be negative ; if the period were equal to this second 
critical value the nutation would be infinite; and if the 
pow were still less the nutation would be again positive. 
Further, the 183 days’ period of the solar nutation falls so 
little short of the critical 300 days that the amount of the 
nutation is not sensibly influenced by the thickness of the 


crust, is negative and equal in absolute value to s ( being 
300 


——1 


times what the amount would be were the earth 


83 
solid throughout. Now this ‘amount, as calculated in the 
‘* Nautical Almanac,” makes 0.55 sec. and 0.51 sec. the 
semi-axes of the ellipse traced by the earth’s axis round its 
mean position ; and if the true nutation placed the earth’s 
axis on the opposite side of an ellipse having 0.86 sec. and 
0.81 sec. for its semi-axes, the discrepancy could not possibly 
have escaped detection. But lastly think of the lunar fort- 
—= nutation. Its period is1 of 300 days, and its amount, 
culated in the ‘‘ Nautical Almanac” on the theory of 
complete solidity, is such that the greater semi-axis of the 
i circular ellipse described by the pole is 
0.0885 sec. ere the crust infinitely thin this nutation 
would be negative, but its amount nineteen times that corre- 
sponding to solidity. This would make the greater semi- 
axis of the approximately circular ellipse described by the 
pole amount to 19x0. sec., which is 1.7 sec. It would be 
negative and of some amount between 1.7 sec. and infinity, 
if the thickness of the crust were anything from zero 
120 kilometres. This conclusion is absolutely decisive 
against the geological hypothesis of a thin rigid shell full 
of liquid. 

But interesting in a dynamical point of view as Hopkins’s 
problem is, it cannot ‘afford a decisive a: ent against the 
earth’s interior liquidity. It assumes the crust to be per- 
fectly stiff and unyielding in its figure. This, of course, 
it cannot be, because no material is infinitely rigid; but, 
composed of rock and possibly of continuous metal in the 
great depths, may the crust not, asa whole, be stiff enough 
to practically fi the condition of unyieldingn: ? No, 
decidedly it could not; on the contrary, were it of con- 
tinuous steel and 500 kilometres thick, it-would yield very 
nearly as much as if it were india-rubber, to the forming 
influences of centrifugal force and of the sun’s and moon’s 
attractions. Now, although the full problem of precession 
and nutations, and what is now necessarily incl in it, 
tides, in a continuous revolving liquid spheroid, whether 
homogeneous or heterogeneons, has not yet been coherently 
worked out, I think I see far enough towards a comp! 
solution to say that precession and nutation will be practi- 
cally the same in it as in a solid gobs, and that the tides 
will be practically the same as thosé of the equilibrium 
theory. From this it follows that precession and nutations 
of the solid crust, with the i perfect flexibility 
which it would have even though ‘it were 100 kilometres 


detection, or might not have | bri 


due to gravity and centrifugal force, use of the fluidity 
of the interior and the flexibility of the crust. But alas for 
this “attractive sensational idea that a molten interior to 
the globe underlies a superficial crust, its surface agitated 
by tidal waves, and flowing freely towards any issue that 
may here and there be opened for its outward escape,” as 
Poulett.Scrope called it! The solid crust would yield so 
freely to the deforming iufluence of sun and moon that it 
would simply carry the waters of the ocean up and down 
with it, and there would be no sensible tidal rise and fall of 
water relatively to land ! 
= sg of Se case is shortl red : The bree Ne 
a ectly rigid crust containing liquid, vio physics by 
assuming preternaturally rigid matter and d ical 
astronomy in the solar semi-annual and lunar fortnightly 
nutations ; but tidal theory has nothing to say against it. 
On the other hand, the tides decide against any crust flexible 
enough to perform the nutations correctly with a liquid in- 
terior, or as flexible as the crust must be unless of preter- 
naturally rigid matter. : 
But now thrice to slay the slain: Suppose the earth this 
moment to be a thin crust of rock or metal resting on 
liquid matter, its equilibrium would be unstable! And 
what of the upheavals and subsidences? They would be 
strikingly pet fas nn to those of a ship which has been 
rammed—one portion of crust up and another down, and 
then all down. I yf say, with almost perfect certainty, 
that whatever may be t) i 
melted, at or about the ror of liquefaction, it is, I 
think, quite certain that cold solid rock is denser than hot 
melted rock ; and no possible degree of rigidity in the crust 
could prevent it from > pieces and sinking wholly 
below the liquid lava. Something like this may have gone 
on, and probably did go on, for thousands of years after 
solidification commenced, surface portions of the melted 
material losing heat, freezing, sinking immediately, or 
growing to thickness of a few metres, when the surface 
would be cool and the whole solid dense enough to sink. 
‘‘This process must go on until the sunk portions of crust 
build up from the bottom a sufficiently close-ribbed 
skeleton or frame, to allow fresh incrustations to remain, 
idging across the now small areas of lava pools or lakes. 
**In the honey-combed solid and liquid mass thus formed 
there must be a continual tendency for the liquid, in con- 
sequence of its less specific vity, to work its way up; 
whether by masses of solid falling from the roofs of vesicles 
or tunnels, and causing earthquake shocks, or by the roof 
poe ye | quite through when very thin, so as to cause two 
such hollows to unite, or the liquid of any of them to flow 
out freely over the outer hasten of the earth; or by 
subsidence of the solid owing to thermodynamic 
melting, which portions of it under intense stress must 
experience, according to my brother’s theory. The results 
which must follow from this tendency seem sufficiently 
geolo; investigation of earthquakes, of upheavals, and 
subsidences of solid, and eruptions of melted rock.’’+ 
Leaving al 
filled with liquid, we must still face the question how much 
does the earth, solid throughout, except small cavities or 
vesicles filled with liquid, yield to the deforming (or tide 
generating) influences of sun and moon? This question can 
only be answered by observation. A single infinitely 
accurate spirit level or plummet far enough one from the 
sea to be not sensibly affected by the attraction of the rising 
and falling water, would enable us to find the answer. 
Observe by level or plummet the changes of direction of 


apparent gravity relatively to an object rigidly connected 
with the earth, and compare these c' s wit what they 


would be were the earth perfectly rigid, according to the 
known masses and distances of sun and moon. The 
discrepancy, if any is found, would show distortion of the 
earth, and would afford data for determining the dimen- 
sions of the elliptic spheroid into which a non-rotating 
globular mass of the same dimensions and elasticity as the 
earth would be distorted by centrifugal force if set in rota- 
tion, or by tide generating influences of sun or moon. The 
effect on the | org line of the lunar tide generating in- 
fluence is to deflect it towards or from the point of the 
horizon nearest to the moon, according as the moon is 
above or below the horizon. The effect is zero when the 
moon is on the horizon or overhead, and is greatest 


the horizon. When this greatest value is reached, the 
plummet is drawn from its mean position through a space 
1 . 

ae ee » \° 

equal - 13,000,000 of a - the thread. No a 
nary plummet or spirit level could give an ti 
indication whatever of this effect; and to. Eire its 
amount it would be necessary to be able to measure angles as 


small as , or about g4,5 sec. Siemens’ beauti- 


20, ? 
ful hydrostatical multiplying level may probably supply 
the means for doing this. Otherwise at it no a) tus 
exists within compass by which it could done. 
A submerged water pipe of considerable length, ony 
12 kilometres, with its as ends turned up and open at the 
same level, — answer. Suppose, for example, the tube 
to lie north and south, and its two ends to open into small 


* ‘Observations on the Parallel Roads of Glen Roy and 
other parts of Lochaber in Scotland, with an attempt to 

rove that vay mn Masten Sige : farermnctions of the 
Royal Society for Fe * , p. 81). 

+ ‘Secular i of the Earth,” 'ransactions of the 
Royal Society of Edinburgh, 1862, W. 
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e relative densities of rock, solid and be 


great and various to account for all that we learn from | be 


ther now the hypothesis of a hollow shell | diff 


in either direction when the moon is 45 deg. above or below | earth 


(Thomson), d 
Thomson and Tait’s ‘ Natural Philosophy,” § § (ee), | Lou 


smaller cistern). For simplicity, suppose the time of ob- 
servation to be when the moon’s declination is zero. e 
water in the smaller or southern cistern will rise from its 
lowest position to its he ag position while the moon is 
rising to its maximum altitude, and fall again after the moon 
crosses the meri till she sets ; and it will rise and fall 
n through the same range from moonset to moonrise. 
the earth were perfectly Paha if the locality is in 
latitude 45 deg., the rise and fall would be half a millimetre 
on each side of the mean level, or a little short of half a 
millimetre if the place is within 10 deg. north or south of 
latitude 45 deg. If the air were so absolutely quiescent 
during the observations as to give no varying differential 
pressure on the two varying water surfaces to the amount 
of x33 millimetre of water or rzsx of mercury, the observa- 
tion would be satisfactorily practicable, as it would not be 
difficult by aid of a microscope to observe the rise and fall 
of the water in the smaller cistern to revs of a millimetre ; 
but no such quiescence of the atmosphere could be expected 
at any time, and it is probable that the variations of the 
water level due to difference of the barometric pressure at 
the two ends would, in all ordinary weather, quite over- 
wer the small effect of the lunar tide generating motion. 
f, however, the two cisterns, ins of being opened to 
the atmosphere, were connected air tightly by a return 
pipe with no water in it, it is probable that the observation 
might be successfully made ; but Siemens’ level or some 
other apparatus on a similarly small scale would probabl 
preferable to any elaborate method of obtaining the result 
by aid of very long pipes laid in the ground, to which I have 
called your attention only as leading up to the natural 
phenomenon of tides. 
ides in an open canal or lake of 12 kilometres length 
would be of just the amount which we have estimated for 


the cisterns connected by submerged {pipe ; but would be 
enormously more distur by wind rm variations of at- 
mospheric pressure. A or lake of 240 kilometres 


length in a at adhe ger and in a suitable locality would 
give but 10 millimetres rise and fall at each end, an effect 
which might aa | be analysed out of the much greater 
disturbance produced by wind and differences of barometric 
pressure ; but no open liquid level short of the ingens aquor, 
the ocean, will probably be found so well adapted as it for 
measuring the absolute value of the disturbance produced 
on terrestrial gravity by the lunar and solar rat ye | 
motive. But observations of the diurnal and semi-di 
tides in the ocean do not (as they would on smaller and 
quieter levels) suffice for this purpose use their 
amounts differ enormously from the equilibrium values on 
account of the smallness of their — in comparison with 
those of the periods of any of the grave enough modes of 
free vibration of the ocean asa whole. On the other hand, 
the lunar fortnightly declinational and the lunar monthly 
elliptic and the solar semi-annual and annual a tides 
have their periods so long that their amounts must certainly 
very ‘approximately equal to the equilibrium values. 
But there are large annual and semi-annual changes of sea- 
level, probably both differential, on account of wind and 
ifferences of barometric pressure and differences of tempe- 
rature of the water, and absolute depending on rainfall and 
the melting away of snow, and the return evaporation, 
which altogether swamp the semi-annual and annual tides 
due to the sun’s a 6 Happily, however, for our 
object, there is no meteorological or other disturbing cause 
which produces periodic c of sea-level in either the 
fortnightly declinational or the monthly elliptic period, and 
the lunar gravitational tides in these periods are therefore 
to be ully investigated in order that we may obtain the 
answer to the interesting question, how much does the 
apeth.a8 Penpals synanes Paes & Soe ting in- 
fluence of sun or moon? Hitherto in the British Association 
Committee’s reductions of tidal observations we have not 
succeeded in obtaini y trustworthy indications of either 
of these tides. The Prince’s Pier landing-stage pontoon, 
coker’ chosen for the Liverpool tide gauge, cannot be 
trusted for such a delicate investigation ; the available funds 
for calculation were e: ore those (the long period 
tides) for Hilbre I could be attached, and three years 
of Kurrachee gave our only approach to a result. Com- 
parison of this, with an indication of a result which calcula- 
tions on West Hartlepool tides at the expense of the Royal 
— seem to < possibly no ay eA ¥ mr 5 Bad 
per more probably some degree of yie ¥ 
. The absence from all the results of any in- 
dication of a 18.6 yearly tide (according to the same law as 
the other long period fides) is not easily explained without 
assuming or admitting a considerable degree of yielding 


(To be continued.) 





SpanisH Raruway Tarirrs—A royal Spanish decree, 

which has just been published, appoints a commission to 
study the question of the tariffs in force upon the Spanish 
railways. The commission is also i to consider 
the best means of effecting a reduction in the tariffs en- 
forced, with a view to the facilitating of commercial trans- 
actions, if possible. 
Br.a@i1an Gas.—The sales of gas effected by the Belgian 
General Company for Lighting and Heati Gas 
amounted in the ten months ending June 30 t' ear to 
522,778,561 lish cubic feet, as com: with 492,758,249 
English cubic feet in the corres i iod of 1874-5, 
showing an increase of 30,020,312 lish cubic feet in 
1875-6. Among the places at which the company carries 
on its operations may be mentioned Arras, , Cam- 
brai, Catara, Charleroi, i » Chemnitz, me, 
vain, Omer, Sienna, 
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LignTHouse ILLumination.—No. I. proceeding from the centre of a spherical mirror is aod it, and by this means the illumination of ‘the 


From the time that the colossal Pharos at Alex- 
andria was established by Ptolemy Philadelphus, 
three hundred years before the Christian era, and 
of which we have such — accounts in the 
writings of Lucanus and of Pliny, until about a 
hundred years ago, the illumination of lighthouses 
was obtained by the burning of fires, first of wood, 
and afterwards of coal or charcoal, supported in iron 
cages such as may occasionally be seen, even now, 
on the towers of some of our ancient castles where 
they were employed as beacons for the purpose of 
Ee alarm. 

In the year 1782 the celebrated lighthouse of Cor- 
douan, which had been founded by Henri IV. two 
hundred years before, and which all that time had 
been illuminated by open fires of wood and coal, 
shone forth for the first time with a light supplied 
by lamps, these lamps being placed in the foci of 
paraboloidal reflectors; this was the first step to- 
wards scientific illumination, but the apparatus 
was of the rudest possible description. At this 
time our own Eddystone Lighthouse had a light 
no more worthy of its superb construction than 
that emitted from a chandelier of tallow candles, 
and so it remained until in 1807 it came under the 
jurisdiction of the Corporation of the Trinity House, 
who substituted argand oil lamps for the candles, 
and their light was intensified by paraboloidal 
reflectors of silvered copper. The earliest form of 
reflector that was used for lighthouse purposes was 
that employed at Liverpool a little more than a 
century ago, and this curious relic will be found in 
the Exhibition (No. 2191). It consists of a hollow 
‘“‘form” of wood in which are imbedded very small 
facets of looking-glass about an inch long by half an 
inch wide, and so skilfully is this constructed that 
its form is very nearly paraboloidal. In its focus is 
the flat burner of a very rude lamp having a shallow 
cistern at the back of the mirror and a bundle of 
coarse cotton strands for a wick. There is no 
chimney, and consequently the upper part of the 
reflector must have been practically useless through 
being coated with the solid products of combustion. 
This form of reflector was not long used and soon 
gave place to silvered copper, which could be made 
very perfect in form, and very brilliant in surface, 

The surfaces formed by the revolution about = 
axes of the conic sections possess properties which 
govern the forms of all reflectors used in lighthouse 
illumination where the reflecting surface is metallic, 
and reflectors possessing ‘‘ conic” curvatures are in- 
valuable in most branches of physical science, 

It may be convenient to the purposes of this 
notice if we here enumerate the catoptric properties 
of mirrors founded upon the sections of the cone 
which are known as (a) the ellipse, (b) the circle, 
(c) the parabola, and (d) the hyperbola. 

(a) The Ellipse.—The rays proceeding from one 
focus of an elliptic mirror are reflected by its surface 
to the other. This curve is therefore used for mi- 
croscopical illumination where a lamp is placed in 
one focus, and the object to be illuminated in the 
other (see Fig. 1). It has also been employed in 





lighthouses by Mr. Thomas Stevenson for intensi- 
fying the light proceeding from a lamp in the focus 
of a paraboloidal reflector by condensing upon its 
flame the rays ing from an auxiliary lamp 
placed behind it and in the focus of an elliptic 
mirror. A hole is cut in the back of the paraboloid 
to admit these rays, and the flame of the first lamp 
is a in a common focus of both reflectors (see 


Fig. 2). 
(4) The Circle-—As this is only a limiting form of 








reflected by its surface back to its ori source, 
This is therefore chosen for utilising the back rays 
in ae illumination, refi them back into 
the e from which they emanated, and so intensi- 
fying the front rays which are sent out to sea. 

"Oe Parabola.—This curve has the pet 
of reflecting in a direction parallel to its axis 
rays emanating from its focus (see Fig. 8), It is for 











 .: 


that reason employed in lighthouses for projecting 
the light from a source placed in its focus in a 
parallel beam which it sends out to the horizon. 
Conversely this curve is used for collecting parallel 
rays, and reflecting them to its focus; it is in this 
way made use of in the specula of reflecting 
telescopes and for the illumination of microscopic 
objects. In experiments upon radiant light, heat, 
and sound by means of conjugate mirrors both 
these uses of the paraboloidal mirror are brought 
into operation, . Ps 

(d) The Hyperbola.—Rays of light ree ‘from 
the focus of one limb of the hyperbola are reflected 
from its surface in lines which, if produced back- 
wards, would pass through the focus of the other 
limb (see Fig. 4). This curve has been used in 





lighthouse construction, where a somewhat divergent 
beam has been required, but as there are other and 
simpler methods of obtaining this result, it has not 
been often repeated. 

Fig. 5 is a combination of the sphere and parabola 






Fig 5. 








arranged by Mr, Stevenson, whereby the back rays 
are reflected back to the light, which is placed at 
the common focus of the two curves. An example 
of this will be seen in No, 2193, the central front 


rays bei ng parallelised by a holophotal lens. : 
Tatil e close of the century, the catoptric 
or reflectin 


system was that alone employed in 
lighthouse illumination. The apparatus, whether 
for fixed or revolving lights, consisted of a number 
of argand oil lamps, the burner of each being placed 
in the focus of a idal reflector whose axis was 
directed to the horizon. In the fixed lights these 
lamps with their reflectors were arranged in tiers 


horizon was ren more uniform. In the revolvi 
intermittent lights the frame was of square horizonta 
section, and ted four faces of tiers of lamps 
directed to four points of the horizon, this frame 
being caused to rotate by means of clockwork ; four 
flashes alternating with four wanings of the light 
were produced during each revolution, and by ad- 
usting the speed of the driving machinery to dif- 
erent velocities for different lighthouses, distinguish- 
ing characters were given to 
It is to be regretted that this system, which is in 
all countries rapidly giving place to the far more 
as ae principle whey not ancrnet on South 
nsin; y a complete apparatus, but No: 2186 
is one of the reflectors which were employed, and 
we Tn ee 
v m) with an d 
lamp in the focus, and ded within the lantern 
attached to the mast. No, 2192 is an example of 
the lamp and reflector which were in use in English 
floating lights in the year 1809. The lamp is a rude 
contrivance upon a re of painted tin, having a 
flat cotton wick and no chimney ; the flame is in-the 
focus of a reflector, which is rectangular in outline 
and ——— in reflecting surface, so that no 
i is — to be cade to the rays 
emanating from the lamp, and only a portion of the 
back rays is therefore utilised by being reflected 
back again to their source, so as to intensify the 
front rays. The three specimens to which we have 
referred are the only representatives of the catoptric 
system in the collection, though there are others 
ified in the catalogue. The dioptric and cata- 
ic systems, on the other hand, are very com- 
pletely represented, not only in the earliest instru- 
ments designed by Fresnel, who is justly regarded 
as the father of the system —although Buffon, Con- 
dorcet, and Brewster had each previously done much 
in the same direction—but also as illustrating the de- 
velopment and ultimate perfection to which the 
— of lighthouse optics has reached at the pre- 
sent day, ’ 
To the great naturalist, Buffon, is due the first 
conception of the idea of grinding lenses in con- 
centric zones out of a solid piece of glass in order to 
avoid the t absorption of light in lenses of large 
diameter due to the (at that time) unavoidable flaws 
and air bubbles contained in the glass, and to the 
great thickness of the material, illustration of 

these defects we need only call attention to a ve 
antiquated plano-convex lens (No. 2190), whic 


was used at Portland Lighthouse in the year 1789, 
and which is contributed by the Corporation of the 
Trinity House. 


Condorecet, in 1773, was the first to suggest the 
building up of lenses in separate pieces for the pur- 
poses of burning glasses, and Brewster in 1811 de- 
scribed the same method which he had discovered 


independently, 
Fresnel, unacquainted with what Condorcet and 
Brewster had done, came the same discovery 


in 1819, and to him is due the additional credit of 
first applying it to lighthouses, Lighthouse illumi- 
nation at this — of its history is exemplified in 
the-collection by a most interesting series (No. 2202) 
contributed by the Services des Phares de France. 
No, 1 of this series is Fresnel’s first lens of 1819, 
which, it will be seen, is of polygonal form mounted 
in a circular frame of brass and pivoted to a stand ; 
it is built up of twenty-one pieces cemented to a 
circularplate of glass 35 centimetres in diameter. This 
lens was made by Soleil and was presented by him to 
the Academie des Sciences, and its performance was 
so successful that Fresnel was asked by the Light- 
house seopeoony of France a ae cheno 
was e same principle for the lighthouse 
0 Oumtowe. No. 2 of this Terins is the experi- 
mental panel which was constructed to try the 
principle for the object, It is composed of a hundred 
pieces ; the back pane of glass is omitted. This lens 
was tried in public on the top of the Observatory on 
the 13th of April, 1821. The Lighthouse Committee 
judged of its powers from the top of Montmartre 
against two large reflectors, and the result of the 
trial was the triumph of Fresnel’s arrangement. 
The next improvement that he made was the con- 
struction of the compound lens in circular instead of 
polygonal segments, by which much greater optical 
accuracy was insured. This lens (No, 3) was tried 
on the top of the Arc de l’Etoile on the night of the 





7th of September, 1821, and the result was so satis- 


246 


ENGINEERING. 


(Serr. 22, 1876. 








factory that it was fixed with eight similar lenses 
into the revolving apparatus at Cordouan, where it 
lighted the entrance to the Gironde for more than 
thirty years. This was the first lighthouse lens com- 
posed of annular segments, and it is most interest- 
ing to turn from it to the magnificent modern lens 
upon the same principle constructed by MM. Barbier 
and Fenestre (No. 11), which is a magnificent speci- 
men of workmanship. The chief point of refine- 
ment in this lens is the fact that all the joints be- 
tween its component rings have conical surfaces, the 
apices of the cones which generate them being 
situated in the flame of the lamp; by this arrange- 
ment the loss of light occasioned by the joints 
between the rings is reduced to a minimum. 

The first striking object on entering Gallery E, 
which is devoted to this subject, is the first fixed 
light apparatus which was constructed by Fresnel in 
1824. The refracting belt of the modern fixed 
light as designed by Fresnel is cylindrical, and is 
formed by the revolution of the vertical central 
section of the annular lens round the vertical axis of 
the whole apparatus, so that it is lenticular in every 
vertical plane, but not so in any horizontalone. At 
the time Fresnel designed this apparatus no lathe 
was known capable of making the cylindric pieces, 
and, therefore, a compromise had to be made, The 
refracting belts in the first instrument were poly- 
gonal, having sixteen faces, and above and below 
the refracting portion are placed reflectors of silvered 
glass sunnged ween conical frames, so as to project 
the upper and lower rays, which would otherwise be 
lost, in a horizontal direction. In this interesting 
historical series will be found the apparatus which 
Fresnel designed for lighting the quays of the 
St. Martin Canal, and which was the first applica- 
tion of the principle of total reflection to illumi- 
nating apparatus, and the foundation of the cata- 
dioptric system. ‘There are here also the first panel 
with cata-dioptric rings, and an interesting collec- 
tion illustrating the history of the lighthouse lamp. 

Nos, 2195, 2196, and 2197 are beautifully finished 
models (to a scale of one-fifth) of the lighthouse ap- 
paratus of the three refracting systems: 2195 is a 
fixed light with a cylindrical belt jointed diagonally 
and having an upper and lower set of reflecting 
prisms ; 2196 is a model of the revolving apparatus 
made for the celebrated Skerryvore Lighthouse in 
1843—this was the first ‘first order” apparatus 
fitted with reflecting rings; and 2197 is a model of a 
first-class holophotal revolving apparatus. These 
models are contributed by Messrs. W. and T. Steven- 
son of the Northern Lighthouse Office, Edinburgh, 
to whom lighthouse engineering owes so much, and 
whose contributions form a large portion of the 
collection, One of the most interesting specimens 
as illustrating the apparatus that is employed for 
solving various optical problems in lighthouse work 
is No. 2199. This is the complete apparatus of the 
Buddonness light, designed by Thomas Stevenson 
for the leading light to the entrance to the River 
Tay, for which purpose it was found to be sufficient 
to illuminate an arc of only 45 deg. in azimuth. ‘The 
apparatus consists of a half circle of Fresnel’s “‘ bee- 
hive,” or fixed light apparatus, of the third order, 
45 deg. of which spread the light in front directly 
over the required area. On each side of this arc are 
placed vertical straight condensing prisms, which 
also spread over the are of 45 deg. all the light 
which after passing through the side arcs of the 
‘*beehive” apparatus impinge upon them. ‘The 
back rays are caught by the very beautiful cata- 
dioptric mirror of Mr, James T. Chance, which 
depends for its action upon the phenomenon of total 
reflection, In order t nothing may be lost, the 
back rays that would fall above this mirror are 
caught by a half holophotal lens, by which they are 
parallelised and sent vertically upwards upon a set 
of conoidal totally reflecting prisms, whereby they 
are thrown forward and spread over the required are 
of 45 deg. This example will well repay very 
careful study, as it employs almost every kind of 
dioptric apparatus used in lighthcuses. The Bud- 
donness apparatus was constructed by Messrs. 
Chance, of Birmingham, whose name alone is 
always a guarantee of scientific design carried out 
with a perfection of workmanship which gives to 
this country the first place for lighthouse con- 
struction. So accurately are the prisms of the 
dioptric mirror constructed that when the lamp is 
lighted, no trace of its light can be seen from the 
back of the apparatus, although there is nothing but 
transparent glass between the eye of the observer 
and the light, 

No. 2198 is a holophote fitted with a fine example 
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of Mr. Stevenson’s dioptric spherical mirror ; in this 
arrangement the totally reflecting prisms are so 
disposed as to form by their inner surfaces a smooth 
hollow sphere. A red ball attached to a wire 
is placed in the focus of the apparatus to illustrate 
its action. An observer looking at it from the front 
will see it filled with red light, whereas from the 
back no red can be seen, although the wire support- 
ing the ball is distinctly visible, the latter alone 
being in focus. 

One of the most beautiful specimens of modern 
apparatus is the fine electric flashing light con- 
structed for Cape Grisnez by Messrs Sautter, 
Limonnier, and Co., which consists of a fine ‘“ bee- 
hive,” 50 cm, in diameter and 135 deg. in circum- 
ference, the remaining 45 deg. being cut away to 
facilitate the changing of and attendance to the 
electric lamps, which are those of Serrin, one being 
in use and the other in reserve. Around the ‘“ bee- 
hive” or fixed light apparatus revolves a drum com- 
posed of sixteen vertical lenticular prisms of concavo- 
convex horizontal section. This drum is made to 
revolve by clockwork, one complete revolution in 
eight minutes, so that the flashes occur every half 
minute, the duration of each flash being about five 
seconds. When this apparatus is in its place at 
Cape Grisnez it will be worked by one of the ma- 
chines of the Société l’Alliance which were described 
in a previous notice of this Exhibition.* Next to 
this apparatus, but without a number, is another 
interesting electric arrangement in which a Serrin 
regulator is fixed behind a holophote, and the whole 
mounted in a directing tube with wormwheel ad- 
justments both in altitude and azimuth. Accessory 
to it is a very ingenious little contrivance for show- 
ing the exact position of the carbon points by which 
they may be adjust-d so as to be in the optical focus 
of the apparatus ; a small hole is pierced at the side 
of the tube, and opposite to it is fixed a totally re- 
flecting ie piphae e prism and lens, which form an 
image of the carbon points upon alittle plate of opal 
glass having a mark at its centre. This little appa- 
ratus, which does not occupy a space of more than 
2 cubic inches, is so adjusted that when the image of 
the electric arc falls upon the mark on the opal screen, 
the carbon points are in the focus of the holophote, 
This also is made and contributed by Messrs, Sautter, 
Limonnier, and Co. 

There are, besides many interesting models of 
celebrated beacons and lighthouses, including 
Smeaton’s original model of the Eddystone. No, 2182 
is a model, contributed by the Corporation of the 
Trinity House, of the lighthouse now building upon 
the Little Basses Rock to the south-east of Ceylon. 
The lantern of this lighthouse, with its complete 
optical apparatus, is erected in the grounds and 
forms part of the collection, but it possesses features 
of so much special interest, both in the construction 
of the tower and in the optical apparatus upon the 
“ group-flashing” principle of Dr. Hopkinson, that 
we intend to give a separate description of it on an 
early occasion. 





* See ENGINEERING, vol. xxi., page 418. 





BOSTON AND COLORADO SMELTING 
WORKS.* 
By T. Eaeston, Pa. D. 
(Continued from page 200.) 
IL. RoastinG THE OREs. 


2a. Roasting Ores in Heaps.—The auriferous 
pyrites are broken to 2 in. square in a crusher 
and roasted in heaps of about 50 tons each. 
The piles are made in the usual way with a 
wooden chimney about 7 ft. high in the centre. 
Wood is used asfuel. The amount consumed is two 
cords for 50 tons, ‘The wood is burned outin about 
twelve hours, at which time the sulphur commences 
to burn. The pile is lighted at night, because the 
moisture in the fuel makes sulphuretted hydrogen, 
which would annoy the men in the daytime, ‘The 
fire, except in case of accident, burns until the roast- 
ing is complete. The sampler takes charge of the 
piles. He has little to do except to throw fine ore 
on the cover when he sees that there is too much 
flame. He has two or three assistants, and with 
them he does all the weighing and sampling, and 
takes care of the piles. When the pile is finished 
the outside crust of unburned pyrites is taken off 
and put on to the next pile. The roasted ore is 
crushed and goes through a sieve with four-to-the- 
inch mesh, and is then ready for the smelter, One 
man does the whole crushing. The roasting is 
finished in about six weeks from the time the fire is 
lit. The amount of sulphur remaining in the ore is 
4 percent. As the ores contain considerable arsenic 
the pile is frequently covered on the outside with 
crystals of arsenious acid, which are often white but 
generally coloured with a slight trace of sulphur. 
They are generally found when there has been a 
hole in the cover of the pile, and their usual form is 
that of an octohedron with hollow faces. 

28. Roasting the Ore in a Reverberatory Furnace. 
—The ore submitted to this process is said to be 
calcined.t Thej tailings and finely divided copper 
ores are roasted in a reverberatory furnace called a 
calciner till they contain not more than one-half to 
four per cent. of sulphur. There are six of these 
calciners in the works. ‘They are marked K on the 
ground plan (see ante page 199), and are shown in 
detail at Figs. 2, 3, and 4. Only three of them are 
in use at a time, two of these work into the same flue. 
Each furnace has three step-hearths 10 ft. long. The 
total length of the furnace is 40 ft. on the outside, 
including the fireplace, They are 1] ft. wide, and 
have six working doors, two doors to each hearth. 
The hearths are 4} in., the one above the other, and 
are equally divided in the length of the furnace. 
Each one is rectangular, with the usual waste space 

* This paper, although originally prepared for ENaI- 
NEERING, was read before the American Institute of 
Mining Engineers at their meeting at Washington in 
February last. It now appears in print for the first time. 

+ The word “‘ calcining’ as used in these works means 
treating the ores or mattes in a fine state in an oxidising 
atmosphere. The term ‘roasting’ means the treatment 
of metal ingots or mattes in large pieces in an oxidising 
atmosphere. As these terms are not a proper use of metal- 
lurgical terms we shall speak of both us roasting. 
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at the doors filled up. The two at the end have 
their corners rounded, On es pw the relative 
dimensions of these furnaces, it be seen that the 
surface of the hearth is 304 square feet. 

The surface of the grate is 16 square feet. If the 
fireplace is taken as unity, the relation between the 

‘aces will be as 1 to 19. 

The fireplace is arranged for long sticks of wood, 
and has a door at the side, It is 5 ft. long and 
2 ft.8 in. wide. The bridge has an air-hole in it which 
is 44 in, square, and communica’ ith the interior 
of the hearth by four openings. e width of the 
bridge is 28 in., the height of the roof above the 
hearth is 28 in., and at the flue end it is 18 in. 

The furnace is built of red brick, firebrick being 
used only in the fireplace and on the first hearth, 
A charge of one ton is introduced on the hearth 
nearest the flue, so that there are three tons in the 
furnace at a time. The charge of ore on each hearth, 
spread out after being first putin, is 3 in, deep, but 
it swells, so as to be 4 in. to 5 in. deep, on the 
hearth nearest the fireplace ; this is particularly true 
of the tailings. As the charge is drawn once in eight 
hours, it takes twenty-four hours to complete the 
roasting of one ton ofore. One man to a shift who 
brings his own wood, is all the labour that is re- 

uired, so that two men work three tons in twenty- 
our hours. The ore is brought to the furnace men, 
who then make the charge. One man brings all 
the ore for three furnaces. The men from the 
calciners always assist in charging the calcined ores 
into the matte furnaces. The furnace burns 1} cords 
in twenty-four hours. One day in a year is all 
the repairs that are needed to the furnace. 


III.—F sion ror MATTE. 

The roasted ore is fused in a reverberatory furnace 
for matte, There are three of these furnaces which 
are marked D in the ground plan, and are given in 
detail in Figs. 5, 6, 7, and 8. Only two of them are in 
use atatime. They are constructed to use wood, 
so that the fireplace, which is 5 ft. at the top of 
the bridge, is only 2 ft. 6 in. at the grate; itis 5 ft. 
long, and 4 ft. 6 in. deep from the grate to the roof. 
The opening in the fireplace for charging fuel is at 
the end of the furnace, and not at the side as it 
usually is. ‘The fireplace door is of cast iron; it 
slides in a groove, and is counterpoised with a 
weight. The bridge is 2 ft. 6 in. wide, the fireplace 
side is 2 ft. 3 in., and the laboratory side 1 ft. 10 in. 
from the roof. Just above the bridge there area 
series of openings, 3 in, by 1 in., for the admission of 
air in the roof, which follow on the roof the contour 
of the laboratory in two rows, the outside having 
eight and the interior eleven holes each. The 
laboratory is 15 ft. 7} in. long by 9 ft. 9 in. wide. 
The working door is at the end; the two openings 
at the side are closed for this operation, In com- 
paring the relative dimensions of the furnace we find 
that the surface of the fireplace at the height of the 
bridge is 25 square feet, that at the grate is 12} 
square feet, ‘Lhe laboratory has 143.18 square feet, 
so that the fireplace being taken as one, the relation 
is as | to 5.7. Moach oue of these furnaces has its own 
chimney, which is 50 ft. high. The arrangement of 
the holes in the roof isa very ingenious one, for as the 
fireplace is very deep, and is constantly filled with 
long sticks of wood to a depth of over 3 ft., the wood 
distils and forms gas, which is burned by the air enter- 
ing through these holes, Before this method was in- 
troduced by Professor Pearce there was not sufli- 
cient air to produce a perfect combustion, The im- 
mediate effect of its introduction was the saving of 
fuel, and more equal distribution of heat, Formerly 
the flue connected with the chimney was constantly 
burning out, and needed frequent repairs. 

An opening has recently been made in the foot of 
the chimney for the introduction of cold air, both 
because the combustion is better regulated, and 
because the cold air is mixed with the products of 
combustion on leaving the furnace ; the repairs to 
the furnace are very much diminished. The hearth 
of the furnace is slightly inclined towards the work- 
ing door, and also to one side. It is made of two 
Jayers of brick, upon which fine quartz sand is 
placed, which is mixed with a small quantity of wood 
ashes, and then agglomerated. 

When the hearth is made the temperature is 
lowered, and the or) is introduced. ‘The charge 
is made up of crushed heap roasted gold ores, 


Roasted tailings eo 

Oxidised silver ores ... 

a silver ores ... 
w pyrites ... ~ 

Fluor spar... 

Rich scorias ... 





After the 
if necessary, wi 


is drawn the furnace is repaired, 
clay, which is beaten in with a 
ladle-shaped instrument attached to a long handle. 
Such repairs are usually not made oftener than twice 
a week. The charge is introduced with a shovel by 
a side door. The ore is introduced first and then 
the rich slags. The “| is so arranged that 
ten tons of mixed ores roduce one ton of 
matte. It will not do to cue the matte richer, 
as there are always grains of it in the slag, and the 
loss would be greater. The is carefully calcu. 
lated, so that it shall not be too basic, or otherwise 
it would cut the firebrick to get silica, The char, 

is evenly distributed over the surfaces of the hearth, 
which is almost at a cherry red heat. It takes six 
men working in groups of three at a time nearly a 
quarter of an hour to make the charge. As soon as 
it is made, the charging door is built up and luted 
or closed with sand. The rr is then charged, 
and the furnace is left with the full power of the 
draught for five or six hours. During this time the 
workmen clean up the slag bed and tend to the fire, 
which requires looking after every twenty minutes. 
At the end of this time they stir the furnace carefully 
five or six minutes to bring up everything from the 
bottom, which should be perfectly smooth to the 
tool passing over it, This produces the reactions. 
The furnace is now left in repose for twenty minutes 
to effect the separation of the scoria and the matte. 
If lumps are found the stirring is done again, and 
kept up during the firing, or for about an hour. 
The slag is now drawn with a rabble into moulds pre- 
pared for it. The operation of skimming the slag takes 
about twenty minutes. When the dooris opened to 
skim the slag the latter is quite hot and fluid, and 
there is a constant but quiet ebullition of sulphurous 
and sulphuric acid, the bubbles being about 1 in. in 
diameter, and quite uniformly distributed. Professor 
Pearce asserts that the larger part of the gas is sul- 
phuric acid. At the close of the skimming, as the 
slag becomes cooler, the bubbles become larger and 
less uniform. Just before the skimming, pieces of 
sheet iron, 3 ft. by 2 ft, are placed in front of the 
slag bed and to one side of it, to protect the work- 
men from the heat. The casting bed is made 10 in. 
deep im front of the furnace to receive the plate 
slag, which ordinarily contains all the grains of 
matte. This casting bed has fourteen divisions, 
which are connected one with the other, When the 
slag, which covers the matte to the depth of about 
3 in., is being skimmed, it is very easy to distinguish 
the matte below, which shows of a dark colour and 
a more or less brilliant surface. As the rabble goes 
backward and forward, the slag does not close at 
once over it, and the surface is ex for a very 
short time. When all the slagis drawn off, a new 
charge of ore jis introduced. Four charges are 
made in 24 hours. During each one of the operations 
the stirring and rabbling are conducted in exactly 
the same way. While the slag is tapped the matte 
is left to accumulate, and is tap only once in 
24 hours. When the matte is to be tapped, all the 
doors of the furnace are opened so as to chill the 
last part of the slag a little, so that it will not flow 
out from the tap-hole, It is then tapped and made 
into plates 3 ft. long, 14 in. wide, and 4 in. thick in 
the middle, the bottom being rounded. No 
flows out with it because it is too much chilled. 
When all the matte has been tapped, the tap-hole 
is closed with damp sand. The charge makes about 
14 plates. The operation of tapping the matte and 
stirring takes half an hour. Three men per shift of 
12 hours are required to work two furnaces. Eight 
cords of wood are consumed in 24 hours. The plate 
slag contains on an average 5 per cent. of copper, 
but is often poor enough to be thrown away with 
the other slags. It is generally a silicate of pro- 
toxide of,iron, but is sometimes more basic. The 
poor slag contains about 7 oz. of silver and a trace 
of gold. It is too poor to treat, and is thrown away. 
All the richer than this is put back into the 
furnace, e matte contains from 25 to 30 per 
cent, of fcopper, 20 oz. to 30 oz. of gold, 600 oz. to 
1000 oz. of silver, and some iron, lead, zinc, and 
antimony, When the hearth bottom of the matte 
furnace becomes loose and rises, as it sometimes does, 
the whole hearth material is taken out, crushed, and 
treated as ore. The flues of the furnace have to be 
repaired every two or three months. The roof is 
made over once Bowe The outside walls last a 
number of ore it is necessary to rebuild the 
furnace. There Syed produced —_ this fusion the 
copper matte which passes to the next operation, 
the plate which is put immediately into the 
furnace, and the poor slag which is thrown away. 
(To be continued.) 
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Abstract of Reported Cases Relating to Letters Patent 
put he By T. M. Gooprvz, M.A., Ruseloter se, 
Law, Lecturer on Applied Mechanics at the Royal 
School of Mines. London Henry Sweet, 1876. [Price 


18s. 
Tus 1, a useful work, and one which, in the hands 
of an intelligent inventor having some little know- 
ledge of Patent Law, will enable him to materially 
facilitate and check the work of his professional 
adviser, by guiding him (the inventor) in the pre- 
paration of the case he has to submit, and in his 
mode of submitting it. The operations of the 
Patent Laws are somewhat complex, and it is not 
easy for an uninitiated person to comprehend the 
meaning of naked dicta, Such dicta, when given 
in the form heretofore usual (except in exhaustive 
reports) are calculated, as a rule, to mislead the in- 
tending patentee. To render them comprehensible 
and useful, the circumstances of the particular case 
ought to be found in juxtaposition. Now the work be- 
fore us is, so far as we can call to mind, a first attempt 
to publish, collectively, abstracts or short reports giv- 
ing the Vegan descriptions of the inventions, the 
claims, the evidence at the trials, the directions of the 
judges, and the verdicts or findings of the juries, 
in the leading patent cases as reported. In one 
sense perhaps the reports of Webster and others 
may be called abstracts, since they are certainly not 
verbatim reports. But then they enter at some 
length into the evidence of witnesses and the argu- 
ments of counsel, and this in an elaborate manner 
not attempted in, or even suited to, a work of the 
character now under notice, which aims, as we 
apprehend, at being, if we may: be allowed the ex- 

ression, an ‘* inventor’s tutor,” as wellas a handy 

k of reference for patent agents and solicitors. 

The brief reports which from time to time find 
their way into some law papers, ‘besides being 
scattered, are in some cases defective, being pre- 
pared by persons whose technical knowledge is almost 
exclusively legal, The abstracts now before us, on 
the other hand, are the work of one who is known to 
ee a combination of scientific with legal know- 
edge. In his preface the author makes out a good 
case. He says, ‘‘It has been too much the practice, 
hitherto, to discuss the principles of law involved in 
a patent case without minute and trustworthy re- 
ference to the details of the particular invention, as 
set forth by the expressed language of the specifica- 
tion and claim. But in order to understand the 
reasons which have influenced the court or a jury 
in the decisions at which they have arrived, and in 
order to apply the principles involved in one case to 
the solution of a question arisingin an analogous case, 
the patent itself must be before those dealing with 
the a pe or the arguments may be incorrectly 
founded, and the conclusion may be erroneous. The 
reference to a patent case is often eminently un- 
satisfactory, by reason that the statement of the in- 
vention or claim is given in general terms and not 
in the words of the specification ; from whence it 
may and often does arise that a proposition which 
is mene to one existing state of facts is treated 
as if it were applicable to all other states of facts 
which come within the terms of a verbal definition, 
but are really excluded from the primary meaning of 
the general proposition. One object of the present 
book has been to avoid this imperfect method of 
dealing with patent cases, and the plan which has 
been adopted may now be pointed out. 

‘* The pleadings are given and the invention is de- 
scribed by following as closely as possible the 
language of the specification, and by adding such 
information as may be necessary for its due com- 
prehension. The claim is stated together with the 
evidence at the trial, the direction of the judge, and 
the verdict or finding of the jury. Then follow the 
ulterior proceedings, which are extracted from the 
reports, the only liberty taken being the allocation 
of detached sentences or parts of sentences, so as 
to cause the judgments of the learned judges to 
appear in each abstract as one continuous whole 
though in an abbreviated form.” 

There can be no doubt that the arrangement 
of the work is well conceived, but we are scarcely 
prepared to say that in every case the author has 
succeeded by his plan in so describing the inven- 
tion as to insure its comprehension, Indeed, it 
would evidently be impossible to clearly describe in 
a few words without drawings any invention @ 
proper explanation of which involves several —— 
of printed specification as well as drawings. Ly 
of the descriptions, however, notwithstanding their 
brevity, are ample for their intended purpose, though 
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in our judgment the value of the work would have 
been considerably enhanced by the insertion here and 
there of an illustration in the same style as those 
used to illustrate inventions in the official gazette of 
the United States Patent Office. Many of the 
cases are dealt with in a clear and masterly way, 
well calculated to convey to the reader a definite 
knowledge of the essence of what occurred and was 
decided. Take for example the well-known cases 
of Betts’ patent for ‘‘ a new manufacture of capsules 
and of a material to be employed therein, and for 
other purposes.” As to these we have compressed 
within about fourteen pages a succinct account of 
no less than six cases, namely, Betts ». Menzies, 
Betts v. Clifford, Betts ». Neilson, Betts ». De 
Vitre, Betts v. Gallais, and o. Willmott, in 
addition to which it is to be observed that in some 
of these cases there were appeals to the House 
of Lords. Then the points on whieh the appeals 
were had, and the substance of the judgments, are 


stated with clearness, so that an intelligent person 
with some little knowledge of Patent Law will be 
able in about half an hour to arrive at a very fair 
understanding of the ette’ 


gener upon which 

patent was disputed and upheld, and of what con- 
stituted the infringement in a case for example of 
capsules not actually made within the United 
Kingdom. 

As will be noticed from what we have already 
said, we do not pretend to say that the work leaves 
no room for improvement. But then it is always 
much easier to indicate—we will not say defects, but 
possible improvements—in the accomplished work 
of another, than to initiate a production in the per- 
fected form to which such suggestions would point. 
This applies to most classes of work, whether literary, 
scientific, or industrial. In fact this fundamental 
principle strikes at the’very root of the Patent Laws, 
as but for the shortcomings of every production of 
the brain, there would be.no room left for improve- 
ment, and therefore no subject matter for letters 
patent, 

Instead of an index, there is given a table of con- 
tents, which it is stated may serve the p in 
view, and is so framed as to indicate to some extent 
the leading principles which govern the application 
of Patent Law. 

This table isin a very useful form. Adverting to the 
body of the book, however, we entertain some little 
doubt whether the course that has been adopted of 
arranging the cases alphabetically is in all cts 
the best. True it has its advantages, but inasmuch 
as the practice of the courts as to patents is based 
in a large measure upon precedent, and as the views 
of judges differ, we think that, given any personas 
point, as, for example, the question what may 

roperly be the subject matter for a patent, it would 

e advantageous to have the decisions on that point 
arranged in chronological order. Our meaning will 
perhaps be better understood by reference to a 
case in point. In the case of Crane against Price 
and others, A.D. 1840-2, the patent was held good, the 
claim being the application of anthracite or stone 
coal combined with the using of hot-air blast in the 
smelting and manufacture of iron, and this notwith- 
standing that the use of the hot-air blast had been 
known before in the manufacture of iron with bitu- 
minous coal, and the use of anthracite or stone coal 
had been known before in the manufacture of iron 
with the cold blast. The only novelty was the com- 
bination of the two (the hot-air blast and the 
anthracite) together. Now in 1872-3 in the course 
of his judgment in the case of Murray »v. Clayton 
(which however, as it happens, comes alphabetically 
after Crane v. Price, and therefore in proper chrono- 
logical order in our -author’s book) Lord Justice 
James, referring to this case of Crane ». Price. said, 
“ No doubt this case has been questioned, and if I 
may be permitted to say so, with all respect to the 
very powerful tribunal which decided t case, I 
have never been satisfied with the decision. That, 
however, is simply because I could not see how 
the word ‘ combination’ could be coperty applied 
to the introduction of a particular Fin of fuel into 
& machine which had been patented for the use of 
every kind of fuel in the making of iron; and 
neither I nor, so far as I am aware, any other judge 
has ever ba gp the principles upon which that 
case was decided and which are thus laid down in 
the judgment of the court delivered by Chief Justice 
Tindal. ‘We are of opinion that if the result pro- 


duced by such a combination is either a new article, 
or a better article, or a cheaper article to the public 
than that produced before by the old method, such 
combination is an invention or manufacture intended 








by the statute, and may well become the subject of 
& patent,’” 
robably no better illustration than the foregoing 
could be given of the misleading effects of dicta 
when given in a general way without minute and 
trustworthy reference to the details of a particular 
invention; and consequently that case affords g 
striking illustration of the great practical value of #| 
work such as that now before us. a 
But to proceed with the point in reference to 
which we cited the two leet mentions’ 
find that according to the table of content r 
the head ‘+ Subject matter of a patent,” the first 
case referred to is that of Hill ». Thompson, a.D, 
1817-18; the second, Dangerfield v. Jones, 1865 ; the 
third, Boulton and Watt v. Bull, 1793-9 ; the fourth, 
Crossley v. Potter, 1853 ; the fifth, Ralston v. Smith, 
1860-5; the sixth, Rex v. Wheeler, 1819; the 
seventh, Hornblower and Maberly against Boulton 
and Watt, 1799, and so on. In other words, from 1817 


weare brought down to 1865, then carried backto 1793, 
then brought forward to 1853 and 1860, and again 
referred back to 1819. Possibly Professor eve 


may have had some reason for this particular arrange- 
ment which we fail to perceive, but certainly in our 
judgment it would have been a convenience to have 

d the opinions of the various judges on each given 
point arranged chronologically in the index. 
think this would have facilitated reference, 

We would also suggest that in any future edition 
an explanation of abbreviations should be added; 
for although this may not be needed by duly 

ualified practitioners in Patent Law, inventors 
themselves may sometimes wish to examine the 
original reports referred to, and there are many 
ingenious and well-educated men who do not know 
that “L.T. N.S.” means ‘“‘ Law Times Reports, 
New Series,” ‘‘C.B.” ‘Common Bench Reports,” 
wes so forth. os cl Leila 
aving regard to the expec on upon 
eenenta for inventions, our author has not atte. ne 

e cases before the Privy Council, and those relating 
to caveats at the Great Seal. 
be regretted, for we are glad to know that the Lord 
Chancellor’s Bill has again been withdrawn, and we 
can only say that if we saw any reason to expect 
that ry much resembling it was likely to 
become law we should not re; the circumstance 
with equanimity. We hope at any rate that the 
plan of granting an extension of time in exceptional 
cases will be preserved. Whether the granting of 
the privilege should rest, as heretofore, with the 
Privy Council may perhaps be a debateable point, 
but at least we think that past cases before the 
Privy Council would in any event (save total 
abolition of all prolongations) constitute precedents, 
and, therefore, their omission from the present 
volume of abstracts may ultimately somewhat de- 
tract from its general utility. 

We are sorry also that no notice is taken of the 
case of Plimpton v. Malcolmson, reported in the Law 
Times of May 6. The elaborate judgment of the 
Master of the Rolls in that case throws considerable 
light upon the amount of prior publication which 
will invalidate a patent, and the point is one to 
which much interest attaches in these days when 
descriptions of patented inventions are so extensively 
exchanged between the authorities of different 
countries, to say nothing of the rapid circulation of 
periodicals, 

However, on the whole, the work is one we are 
well pleased with. It constitutes a decided step in 
the right direction. 








SprED oF WaAvEs IN TELEGRAPH CABLES.—A new 
thod o' ing the s of waves, and at the same 
time their exact contours, has lately been invented by Mr. 
Robert Sabine, and tried with excellent results upon lengths 
of the Red Sea cable at present in course of manufacture at 
Enderby’s wharf, Greenwich. Mr. Sabine’s method con- 
sists in sending currents into one end of the cable (the other 
end being to earth), and at r in’ the 
tential of some given point in the conductor. This is 
one by means of a mica condenser, which is kept in con- 
nexion with the point in question until the right interval 
has elapsed, when it is discharged through a galvanometer. 
A rotating time apparatus is to close the circuit 
of the battery at the end, and after a given interval to 
separate the condenser and discharge it. The interval may 
be varied from 0.001 to 2.0 seconds. A similar reading is 
taken for each interval from 0.001 sec. upwards until the 
maximum of the potential due to the position of the point 
tested is wey he gives win ho ne cen tenet 
of the wave. e speed is meas’ sending two wa 
a canes size into the cable, and naticing the intervals at 
ich their 





We think this is to te 


MACHINE TOOLS AT THE PHILA- 
DELPHIA EXHIBITION.—No. IX. 
DRILLING MACHINES—( Continued). 

THE quick return motion involves considerable 
detail not emg without it, and the chances are 
that the whole thing is a refinement which will not 
teach much farther than it has done at this time, 
especially if there are attempts to produce the me- 

m “just as good and for half the money,” 
® application of which has spoiled 
in America, A drilling machine shown 
adelphia has its spindle driven by a belt in 
the manner indicated by Fig. 18. The diagram is 
merely to show the method of driving, and is in 
particular copied from the machine referred to. 








Fig. 18 
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A machine constructed in this manner is, in so 
far as the relation between the motion of the driy- 
ing belt ‘and spindle, a departure from American 
pr petra the hare —_ spindle should 

ve nearly me speed, as pean machines 
where mitre wheels 4 1 : 











The corresponds to 
that of a lathe, belts are em- 
ployed than is common f ican drilling ma- 
chines, there would no dou want of power in 

in other words. gearing would 


ima reduction of speed 
was not necessary. This, however, applies to any 
machine having mitre gearing to drive the spindle, 
and as the power can, in the arrangement shown, be 
regulated by the size of the pulleys and the width 
of the-belts, there need be no fault in this respect. 
The. principal objects gained by avoiding gearing 
are noise and strain upon the bearings, with perhaps 
some advantage from what is called smooth move- 
ment, dn respect to noise no one not acquainted 
with American or Continental practice can appre- 
ciate just what is gained by substituting belts for 
wheels, ‘The art of casting wheels which will run 
true and without noise seems to be confined to Eng- 
land. Many drilling machines in America. were 
some years ago fitted with engine cut wheel , cast 
ones being too imperfect for the purpose, and at 
this time there is no attempt to cast the change 
wheels for lathes or other tools, ‘This seems strange 
to any one accustomed to English practice, and in- 
dicates what is a fact, that machine moulding is not 
so well understood in America as fitting is. 

The strain upon bearings which sustain the stress 
of wheels is one of those things which is frequently 
not taken into account by engineers and designers 
of machine tools. Every one who considers the 
matter knows that the strain upon the teeth of 
wheels is inversely as their s , and diminishes 
directly as the diameter of wheels and number of 
teeth are increased, but, as before said, such strain is 
in many cases not followed to the bearings which 
have to resist it. There is no doubt more lateral 
strain upon the bearings of a spindle arranged with 
a belt, as in Fig. 18, than there would be with a 
bevel wheel‘as large as the pulley m, but such wheels 
are not used, small ones generaliy being preferred in 

The mode of arranging back gearing shown in 
the di has been yer for most American 
drilling machines, The end pairs of wheels, instead 
of being at each end of the step pulleys, are placed 
together as shown in the diagram at a and d. The 
movable pair @ are mounted loose on an eccentric 
stud ¢, and are thrown into gear by the handle ¢. 
The strain on-the stud ¢ is not severe, and 
of a kind which permits a loose running joint 
without much danger of wear ; the arrangement as a 
whole is something less expensive than the old 
method, One thing gained is in avoiding the obstruc- 
tion of a back gear shaft ; which, unless placed be- 





neutral point passes two given points in the 
cable. The difference of the intervals and the 
tween the points give the speed. 


neath the step pulleys, is apt to be in the way of 
belts, 
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BREITHAUPT’S MINING THEODOLITE. 





Overhead, or suspended drilling machines are em- 
ployed to a great extent in America for performing 
work which is done on radial drilling machines in 
Europe, and the expedient is not to be wondered at, 
for if there is any machine tool which fails to earn its 
“cost and keep” it is a huge radial drilling machine. 
They meet a necessity rather than a want, and are 
for the most part of the time employed in operating 
tools absurdly small in propotion to the mechanism 
to support and drive them. 

American radial drilling machines, of which there 
are several examples in the Exhibition, are very 
light compared to English machines, and yet by 
any fair standard seem heavy enough. ‘The various 
angling movements which have been introduced on 
European machines, are being abandoned in America, 
and not withoutreason. An axial adjustment of the 
radial arm, and an angular adjustment of the spindle 
in the plane of the column, both of these refine- 
ments, which are seldom used ir practice, seem in 
American machines to have given - to a vertical 
adjustment of the radial arm or bracket, but this, 
like the other adjustments named, is not of much im- 

rtance in the use of such a machine. In the 
uture we apprehend there will be a tendency to the 
simple arrangement shown in Fig. 19, from a ma- 
chine constructed by Messrs. Ferris and Miles, of 
Philadelphia, There are at this time as many ma- 
chines of this kind sold as there of the old and more 
elaborate arrangement, with the angula: adjustments 
of the spindle. 

Drilling machines as a class of machine tools in 
America give evidence of that search after novelties 
which has been in a measure began and ended in 
respect to lathes and planing machines. Every 
standard machine s through an experimental 


period, during which various novel ventures are 
made, finally, by force of circumstances rather than 
choice, certain standards for proportion and arrange- 
ment are adopted and followed by most makers, 

In respect to drilling machines, this final stage 











(For Description, see opposite Page.) 


has not been reached, and except the radial machine, 
Fig. 19, and the class it represents, there seems to 
be little that is fixed and uniform in American 
practice. 
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That there are many points in common American 
machines which tend to convenience of operating 
cannot be denied, but with these there is generally 
to be found a corresponding amount of detail to 
which the term elaboration will apply. On the 
other hand, in Europe there has been perhaps too 
much apathy; machines are made too constantly 
on one model or one arrangement, and some things 
neglected which it would be wise and expedient to 
adopt—the counterweights for spindles may be men- 
tioned as one; an inexpensive attachment which 
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prevents lost motion and contributes to the better 
working of a machine. 

In respect to tables for supporting and adjusting 
material to be drilled, there is in America a tendency 
to cling to the swing bracket surrounding and 
sliding in the main column, and revolving tables. 
Most of the machines exhibited have such tables, 
and there are no doubt as many arguments in favour 
of as there are against the plan. Work being 
drilled is usually, or, as we may say, nearly always 
adjusted by points or lines laid out on its surface, 
and compound sliding tables have no object except 
a universal adjustment in a horizontal plane; this 
is attained as readily with a swing table as a sliding 
one, and the latter can be immediately swung out of 
the way when not required or when pieces are to 
be drilled on a sole plate. 

A drill mounted in the usual way is not a positive 
working tool; it wants rigidity, will not start true 
without care and attention, and in this fact exists a 
proof of the uselessness of a positive adjustment of 
pieces to be drilled. No workman thinks of 
drilling a series of holes without laying them out to 
begin with, and when a positive adjustment cannot 
be relied upon independent of laying out there is, as 
before said, but one movement of importance, which _ 
is to hold the work true in a horizontal plane so 
that holes can be drilled in any part and be parallel 
with one another, so that, after all, for nearly every 
kind of work it is a question whether or not the old 
rotating swing table is after all one of the best ex- 
pedients for holding work. 

The innovations in driving and feeding gearing 
seen on American machines is, we may say, equalled 
by the conservatism shown in the arrangement of 
supporting tables, and from the whole there is this 
lesson to be learned, that everything is right or 
wrong comparatively, not positively, and that there 
is much yet to be developed and learned, even in 
so simple a machine as one for drilling me 

Machine made twist drills have become a staple 
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STUBBS’ 


BRICK PRESSING MACHINE. 


MANUFACTURED BY MR. W. G. BAGNALL, STAFFORD. 


Fig.l. 





article of commerce in America, and are generally 
used for drilling in machine fitting. 

A thing which has hindered the introduction of 
these drills to some extent is the difficulty of 
sharpening them. In order to work well, especially 
in hand feeding, when the degree of feed is dependent 
upon pressure, such drills require to be very 
accurately ground, from the edges to the heel as it 
is called; the form should be a volute one with a 
specific inclination. The two edges should have the 
same angle precisely, and also be of uniform length 
on each side. 

_ These things have all been attained by a very 
simple, and at the same time ingenious machine in- 
vented. by Mr. C. Van Hagen, of Philadelphia. 
This machine, as made by Messrs. Thompson, 
Stearns, and Co., of Glasgow, has been illustrated 
and described in a previous number of this journal. 








BRICK PRESSING MACHINE. 

WE publish on this page drawings of Stubbs’ brick 
pressing machine, as manufactured by W. G. Bagnall, 
Castle Engine Works, Stafford, and exhibited at the Royal 
Agricultural Society’s Show, at Birmingham. 

This machine consists of a revolving table which con- 
tains six double dies ABC DEF, the table being fixed 
on a vertical shaft running in gun-metal bearings at top 
and bottom, and is supported by cast-iron anti-friction 
rollers on brackets, which are bolted to the foundation plate 
as shown in elevation. 

It will be seen that the power is transmitted from the 
crankshaft to the shaft G through a spur wheel and pinion, 
and afterwards through a pair of elliptic wheels HI to 
the shaft J, and off the shaft J through a pair of mitre 
wheels K L to the - M, on which is fixed a double- 
flanged spur pinion N gearing into a ring cast on periphe: 
of the table O. The pinion N is quaediake Gs ar ine 
on the table in the proportion of 6 to 1, consequently for 








every revolution of the elliptic wheels one die is brought 
under pressure when the motion is retarded ; this also 
allows time for filling and taking off. 

The clay is discharged out of the pug mill through a 
mouthpiece of suitable size on the wire cutting table, and 
is there cut into blocks by a boy, who places them into die 
A. As the table revolves the die is carried round until 
the anti-friction roller on bed comes into contact with 
curved bar Q, which is secured to the bracket R, by which 
the cover is shut on top of the die, after which the die 
passes under the bracket P. Each die is provided with 
sliding bottom which is supported on the bedplate by legs 
fitted with anti-friction rollers. While the cover is running 
under bracket P, the bottom is gradually rising up the 
incline 8, which gives considerable pressure, and brings 
the brick to the shape required ; in the lids there are small 
holes to allow the air and surplus clay to pass off. This 
pressure is again relieved before leaving the bracket, when 
by the gearing of the elliptic wheels the motion of the 
table is accelerated. 

Immediately the die passes from under the bracket P 
the ball on end of the lever is caught by the curved bar T. 
The hinged lid is thereby thrown open, the ball being 
merely used to counterpoise. The rollers connected to 
bottom of the die then run up the incline U, which throws 
the bricks above the level of the die, so that they can 
readily be removed by second boy at die E. 

This table will press 18,000 bricks per day, and it is 
well adapted for clay containing sand and other impurities, 
while with superior clay the best class of pressed brick can 
be turned out in a semi-dry condition, which saves time in 
the drying, and the bricks are not likely to crumble 
away. 

The bracket P is packed at the back with india-rubber, 
which will give way when any unnecessary strainis brought 
to bear on the press. 








DvuRATION oF Ratts.—The German Railway Association 
has agreed upon a uniform system of returns for 
ing the duration of rails. 
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BREITHAUPT’S MINING THEODOLITE. 

Amone the minor historical science exhibits at South 
Kensington, is a German pamphlet published in the year 
1800, and containing a detailed description of a then new 
surveying instrument designed by Mr. H. 0. W. 
Breithaupt, at that time instrument maker to the Court 
at Cassel. In this pamphlet the instrument is described 
as the first mining theodolite; it consisted of a horizontal 
circle divided into degrees, and supplied with a vernier, 
a graduated arc for vertical angles, and a telescope and 
level. There were also stands supporting signal discs and 
lamps. The brother of the inventor, Mr. F. W. Breithaupt, 
developed the original idea by several improvements, and 
some of these improved instruments were supplied to the 
Brazilian Mining Association in 1832, and to the Royal 
Prussian Mining School at Saarbriicken in 1886. Tke 
instrument as exhibited at Sonth Kensington was still 





further improved by the son(of the inventor from Cassel, and 
in its present form, as illustrated by us on the opposite page, 
it consists of a horizontal silver circle 5} in. in diameter, 
divided into half degrees, and fitted with two verniers and 
reading lenses. The vertical arc is of the same size and 
similarly divided. The telescope has a spirit level placed 
above it, and there is a second tube and eyepiece for right- 
angled readings which can be attached to the telescope. 
The left-hand figure of the engraving shows the instru- 
ment fitted with a signal disc, and this latter or the theo- 
dolite can be attached to the same tripod. A compass, shown 
above, can easily be added to the projecting axle of the 
telescope; this compass is divided into half degrees. 

Besides the instruments we illustrate, ‘there are two 
smaller theodolites by the same maker, with the telescope 
arranged at the side, at South Kensington. 


THE FRODINGHAM IRON FIELD, NORTH 
LINCOLNSHIRE.* 
By Mr. GroraGz Dove, Jun., Frodingham. 

Ir is the object of the writer to lay before the Institute 
some particulars respecting a district, which, though as 
yet limited in area and production, mey at some future 
time occupy a not unimportant position as an iron centre, 
and as one of the excursions planned to \ake place during 
this meeting is to Lincolnshire, to those members who 
intend taking advantage of it to visit the neighbourhood 
for the first time, these particulars may be of some service. 

So far all the furnaces in the Frodingham district have 
been erected upon the estate of Mr. wland Winn, of 
Nostell. This estate is situated eight miles W.N.W. of 
Brigg, and it will be seen on reference to the accompanying 
plan that it is bounded on the east by the River Ancholme, 
and on the west by the Trent, and is traversed through its 
entire length by a branch line of the Manchester, Sheffield, 
and Lincolnshire Railway, which places it in direct com- 
munication with the main lines of railway, and with the 
shipping ports of Hull and Grimsby. The mines opened 
out are, with one exception, also on the same estate. 

The field has only been known during the last fifteen 

ears. Operations were commenced in 1861 by Messrs. W. 
i. and G. Dawes, the owners of the Milton and Elsecar 
Iron Works, who, in that year, commenced to form a 
railway from the River Trent to the out-crop of the bed 
for purposes of shipping ironstone at a wharf on that river, 
and in 1862 they commenced the erection of furnaces. 
Following them came the Frodingham Iron Company, who, 
in 1866, built two blast furnaces, and Mr. Daniel Adamson, 
who, in the same year, erected one large furnace. In 1872, 
the Lincolnshire Smelting Company, Limited, and the 
Redbourn Hill Iron and Coal Company, Limited, each 
pe sear ge the ot re — oo ; _ bein 
followed again e Appleby Iron Company, Limited, 
who are now building. hese dates are merely those upon 
which the various firms entered the district. The accompany- 
ing plan of sections will show the several furnaces that have 
been since erected by them, and the years in which they 





were put in blast. The furnaces nove built are as follows : 

Name of Company. In Blast. ag Total. 
Trent Iron Company ... 2 5 
Frodingham Iron Com- 

pany... oss ‘b 2 e 2 4 
North Lincolnshire Iron 

Company, Limited .. 2 2 4 
Lincolnshire Smelting 

Company, Limited... 1 1 2 
Redbourn Hill Iron and 

Coal Company,Limited 2 0 2 
The Appleby Iron Com- 

pany, Limited ove 0 2 building 2 

9 12 21 





* — read at the Leeds Meeting of the Iron and Steel 
Institu 
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THE FRODINGHAM IRON FIELD: TABLE OF ANALYSES. (A). 
Ss Ss 7 2 3 : 
° o a ° 3 
a |fa| . ¢/3.\3ela.| . /Bel & Be! 
3 i\zd| f i a | 83/22/22] 9 | 35/2 | 33) 
@ |et | S™/d<| & | b2| a | 62 | 
ft. in. 8 “Top coal mechanically very omall and friable, 
° ‘ . . . . J 46 | 14.48 |T 100.50} 43.25 | 9.97 | 38.94 | resem in a rance brown ferruginons sand- 
A. | 2 9 | 61.79 2.70 | 10.77) 638 | 1.70; 1.10; 0.08 | 1 races | { ene eG + 8p Rood and tolerably ane 
B. | 1 0 | 48.71] 3.05 | 12.85) 385 | 9.58/ 2.51) 0.06 | 1.12 | 12.47| 6.15 |100.35) 34.10 | 10.65 | 30.47 { \Good stone ; stratified in thin layers. 
©. |0 9 ose 006 oie { Inferior stone ; a sort of ferruginous limestone. 
| 
D. | 3 6 | 47.14] 1-72 | 11.95) 408 | 11.45/ 2.97) 0.10 0.87 | 12.40 | 6.87 | 99.55) 33.00 | 10.79 | 29.44 | { Good stone ; resembling ‘‘ B’”’ in appearance. 
E. ;1 0 | { Inferior stone ; similar to ‘‘C.” 
F. | 1 6 | 47.36} 2.09 | 13.00/ 4.85 | 10.60) 3.02| 0.07/ 0.82 | 11.90/ 6.74 |100.45) 33.15 | 18.32 | 27.08 { ‘* Gingerbread rock ;’’ a dark red brown colour. 
G. | 0 { Inferior stone ; resembling “‘ C.”’ 
H. | 2 0/| 41.14] 0.79 | 24.40! 6.62 | 8.18| 2.10| 0.04 | 1.12 | 10.70} 5.28 |100.37) 28.80 | 13.04 | 25.04 } Good hard, solid stone. 
10 ose sei { Inferior stone ; resembling “‘ C.’’ 
J. | 0 9 | 29.00} 0.51 | 10.80 | 2.49 | 42.25 | 5.88; 0.15 | 0.40 | 8.43 99.91 20.30 ** Pink rock ;’’ hard stone of a light colour. 
K. | 1 0 | 23.71] 0.42 9.30 | 3.68 | 43.35 | 6.51 | 0.14 | 1.72 | 11.06 99.89 16.60 ** Bottom bed ;’’ stone dark coloured, almost black. 
} 
12.57 | 0.26 | 2.50| 1.74 | 7680) 3.36 | 0.08 | 0.22 | 2.30 8.80 Inferior stone, ‘‘ non-fossiliferous.”’ 
15.00 | 0.82 | 2.35) 1.65 | 73.70] 3.13 | 0.07 | 0.44 | 3.23 10.50 99 ** fossiliferous.”’ 
49.94 1.97 | 14.19] 5.22 | 8.07] 229 | 0.07 | 1.08 | 12.53} 4.73 $4.96 | 12.03 | 30.81 Average per foot of A, B, D, F, and H. 
$8.51 | 1.75 | 13.41 | 4.86 | 12.08/ 2.71 | 0.09 | 1.05 | 11.95} 4.06 28.71 ” A, B, D, F, H, J, and K. 
$2.04 | 1.41 | 14.15 | 4.43 | 14.98/ 3.17 | 0.08 | 0.94 | 11.25] 5.21 25.83 ” B, D, F, H, J, and K. 


















































Of these companies, the first two work their own stone under 
royalties granted by Mr. Winn; the remainder are supplied 
with stone by Mr. Winn at a fixed price per ton. 

Besides these, the following firms work mines: The 
Parkgate Iron Company, Limited ; Staveley Coal and Iron 
Company, Limited; and Messrs. W. Cooke and Company, 
of Sheffield, conveying the stone from the district by rail 


to their several works. , 
The bed of stone is covered a hry J thickness of 
drift sand, constantly being shifted about by high winds, 
so that the icultural value of the surface is very low 
indeed ; in f. before the discovery of the ironstone, the 
country in and about Frodingham was little more than 
barren moor land, and the village itself but a small hamlet ; 
it is now rapidly extending itself, the bg of land for all 
P has enormously increased, and Frodingham seems 
Hlestined before long to assume the appearance and size of 
a busy town. ; 
The bed which is almost entirely free from faults inclines 
gently to the east, but where it is now being worked at, and 
within one and a half miles from the outcrop, the amount 
of ‘‘ bareing’’ required is very small, in no p exceeding 
3ft. The labour employed in winning the stone is of the 
commonest and most unskilled description, blasting on! 
been required in getting the stro’ portions of the a 
the whole operation is simply one o! quarrying. : ] 
The deposit is not of very ormation : it consists 


From an examination of these analyses the variable com- 
position of the bed will be understood, and it will also be 
understood that the atest care must be taken in the 
selection of the stone before it is charged into the furnace ; 
and further, that unless this selection be properly under- 
stood and attended to, serious disorganisation of the work- 
ing of the furnace must inevitably result. The mishaps 
which were at one time so common in the district, but which 
now are of but rare occurrence, may in almost every case be 
traced directly to faulty selection of the stone used. The 
control of the quantity of lime in the c is the point to 
be carefully watched, and the one attended with the most 
difficulty. All the lime required as a flux is found in the 
richer portions of the bed, and if through any cause or 
neglect a —_ of the inferior stone be charged, trouble 
certainly follows ; the furnace will drive rapidly for a time, 
the slag will turn very grey, and then lose all fluidity, the 
fore part will make up, and enormous labour will re- 
quired to get either - - or iron out, and to bring the fur- 
nace once more into good order. So much difficulty has 
been met with in endeavouring to control this excess of lime, 
which is a constant danger, that it has been found advan- 
tageous to use as a safeguard to mix with the native stone 
a certain proportion of ore from other districts, and that 
which has been found to work best in the furnace as a mix- 
ture, and also to suit best cially, is supplied by the 
Mid-Lincoln Iron Company from their Lincoln mines. With 
one exception, all the ar are now using this ore in pro- 








of bands of stone, some consolidated, others lidated 
of various appearances, mechanical conditions, and com- 
itions, which are again broken up by bands of ferruginous 
mestone of wanaion Wiakmeahes. - 
The above Table of analyses (A) of the face now being 
worked in Mr. Winn’s mines will enable a tolerably correct 
idea of the composition of the deposit to be formed. In the 
various mines, the yield of iron slightly varies according to 
the portions of the bed which are used. The face from which 
these samples were taken had a working thickness of 16 ft. 
In other parts of the same mine the thickness is 18 ft., or 
even more, but this fact does not interfere with these results, 
the difference being in that all the bands are proportionately 
thicker. In certain parts of the!bed manganiferous bands 
appear. They were not traceable in the face from where the 
samples were taken for the foregoing analyses, but the follow- 
nt 
1.) Sample consisting of scales of peroxide of manganese 
en off the iferous ironstone of a band 
occurring 
(m.) Ana sample of the band itself. , 
(n.) Sample of iferous band appearing about 
These give the following results : 
L 


samples were obtained from another part of the quarry : 
ing about 13 ft. from the top of the bed. 
a 
7 ft. from thg top of ~ te 


3 
oF 





most satisfactory results, both as regards the regularity of 
the working of the furnace and low consumption of fuel 
which are obtained. Since its introduction, the difficulties 
with the lime have beeen much lessened. The following is 
an analysis of the ore : 


Lincoln Stone. 
Peroxide of iron aks sh 60.91 
Manganese ... traces 
Alumina 5.47 
Lime ... 1.60 
Magnesia... ‘se tes ine ate 0.06 
Phosphoric acid on ii ous eco 1.02 
Sulphur ove tee ae 0.03 
*Insoluble matter : bes 15.80 
Carbonic acid and water ... 15.35 
100.24 
Metallic iron one 42.64 
*Consisting of silica... 13.24 
99 alumina 2.56 
15.80 


While the excess of lime is to be avoided, it must not be 
forgotten that a deficiency, on the other hand, is a source 


of almost equal difficulty and danger, both as regards the 
of the furnaces and the quality of the iron made. 


required as a flux, the iron resulting is si rly low in 
sulphur and silicon, while, with lime below the amount re- 
quired the proportion of these two elements is at once in- 
reased at the expense of quality. That both these ex- 
tremes can be avoided is satisfactorily proved by the fact 
that the stone has been for years, and is now being, smelted 
without any admixture of other stone or fluxing material 
The advantage gained by the introduction of 





Peroxide of iron . 23.71 89.36 3807 

Peroxide of manganese 32.82 3.30 11.40 

Silica ... os ‘te 14.00 24.€7 18.80 worki 
Alumina 3.09 5.41 5.01 

Lime ... int o 9.46 6.83 6.38 
Magnesia... ove bes 2.27 2.82 

Sulphur _ ove 0.02 0.06 0.04 

Phosphoric acid we 0.56 0.52 ¢ 
Combined water 13.27 14.37 

Carbonic acid 3.90 3.02 

100.13 100.48 whatever. 

Iron dried stone 16.60 27.55 26.65 

Moisture a 10.04 16.41 21.32 





stone is that the care required to be taken in the 
selection of the native stone is lessened, and the troubles 
resulting from an excess of lime (which is really the chief 





With the lime in the charge greater than what is absolutely | 





portions varying from one-eighth to a quarter, and with the | 





danger) almost removed. Clay has also been used with the 
same object, and has been found to answer in the furnaces, 
but commercially the results will not compare favourably 
with those obtained from the use of a certain proportion of 
this Lincoln ore, combined with care uated in the selec- 
tion of the native stone. An abundant supply of clay can 
be obtained from a bed in close proximity to the furnaces. 
Its composition is as follows : 


Santon Clay. 

Silica ... en oes oak we 50.10 
Alumina... pom oa sab ‘ 22.72 
Peroxide of iron ... ‘an we deo 6.78 
Lime ... a sos bee ine eee 4.28 
Magnesia... eee se tie 1.56 
Water and organic matter 14.33 

99.77 

Tron 4.75 per cent. 


It will be seen that this contains the necessary elements 
which the stone requires in the process of smelting, and the 
writer is of opinion that its use as a flux has scarcely had 
that attention which it deserves. 

The stone being all used in its raw condition, a very 
serious drawback to it is the amount of water it contains, 
varying according to the weather and season of the year. 
This water will, in the winter months, reach as high as 30 
per cent., even sometimes higher, and the consequence of 
such a proportion being present is an effect upon the con- 
sumption of fuel, i not nearly to the extent that 
might be anticipated. ext to the advantage to be ob- 
tained by the adoption of some practicable means of drying 
or calcining the stone before putting it in the farnace, to 
get rid of this surplus water, would thefadvantage ob- 
tained by being enabled to vey © it in one uniform con- 
dition. Everything relative to this deposit is so variable 
that, if uniformity can be obtained in any one particular, 
the means of doing so should not be neglected. Calcined 
in clamp, the stone, ome to the lime it contains, on being 
exposed to the weather, falls to powder, but it is highly 

robable that if put through a calcining kiln, and charged 
hot into the furnace, that this effect would not result. 
Another difficulty urged in opposition to calcination is that 
at a comparatively low temperature the top stone (A) will 
fuse and cause “scarring.’’ This result might be avoided 
by not putting in too much of this at once ; in fact, the 
writer is decidedly of opinion that great advan would 
result from calcining in the manner practised in Cleveland, 
and that, with proper selection and care, the difficulties 
that as to oppose themselves might be removed. 

The fuel employed at the various works is mainly ob- 
tained from the Durham district, one firm alone getting its 
supply from South Yorkshire, though it is —_ the 
last three years that this North Country coke come so 
extensively into use. The question as to which ought to be 
employed is simply a commercial one. The South York- 
shire is undoubtedly the field from which the supply should 
nati be drawn, and no doubt it will be so before long, 
but at present the coke obtained therefrom is vastly in- 
ferior for smelting purposes to that supplied from the north, 
and a consumption per ton of iron made is req 
where it is worked. 

In the close-topped furnaces using Durham coke, the 
consumption per ton of iron made is 24 cwt.; it is often 
less, sometimes as low as 22 cwt., but never more when 
the furnace is in good wetting order. In the open-topped 
furnaces the consumption of the same class of coke is 
27 ewt. to 28 cwt., while in the same style of furnace using 
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uth Yorkshire fuel, the consumption is 30 cwt. to 32 ewt. 
ee ton of iron made. hen these results are compared 
Tand they are believed to be correct), it is a matter of 
wonder that the open-topped furnaces should still be built. 
The question of open-top versus cope | furnaces has 
been fought in other districts, and has ended, both theore- 
tically and practically, in most cases, in the victory of the 
latter, and there is no doubt but that the result will be, in 
process of time, the same in Lincolnshire. Considering 
that all the material at present is charged into the furnace 
in its raw state, the consumption of fuel in either class 
of furnace is especially noteworthy, as being remarkably 
low. 

Respecting the iron made, it is mainly in demand for forge 
purposes, the manufacture of bars, sheets, tin-plates, and 
wire. For the last named p it is in peculiar request, 
and it appears that its Te is owing to the man- 
ganese it contains. Latterly it has come considerably into 
use as a foundry iron, but it is objected to by some founders 
on account of the hardness said to be occasionally met with 
in the castings made from it. This hardness, which is 
found only ‘occasionally,’ has been put down to the 
manganese in the iron; in other words, it is stated that 
what is an advantage in the forge qualities is a disadvan- 
tage and deleterious in those intended for foundry purposes. 
But in iron that has been complained of as “hard,” the 
writer has not been able to detect more manganese than in 
that from which castings have been made as soft for ma- 
chine purposes as could be desired. A greater ae oe 
of pon wg however, has been found, caused either by the 
use of inferior coke or a deficiency of lime in the furnace, 
or, possibly, from the use of the former in the cupola. It 
is a singularly fluid iron, and well adapted for mixing with 
Cleveland, for which purpose it is now being extensively 





used as a substitute for Scotch. 
Subjoined are analyses of foundry and forge qualities : 
Foundry Quality. 

Tron eis en dso ies ove = 

Manganese eee “ 21 
Silicon ie 2.363 
Carbon ... be ° 3.065 
Phosphorus eee 0.970 
Sulphur ... bee ee 0.067 
99,442 

Forge Quality. 

Iron rer bee die wt eo» 90.387 
Manganese Sai “a 2.374 
Carbon (graphite) 0 « 2.897 
»» (combined) .«. eos . 1,024 
Silica ove eae 006 oo 1.595 
Sulphar ... bbe rr * . 0.088 
Phosphorus sie bse ood «—< 1a 
99.327 


The proportion of manganese, and also the low percen- 
tage of sulphur and silica, will be remarked, and it is also 
likely that by careful selection of the stone the amount of 
phosphorus might be much lessened. 

When the furnace is suffering from an excess of lime, a 
neers mixed quality of iron is sometimes made, locally 

rmed “diamond” iron. In the fracture of the pig two 
distinct qualities are shown, the lower portion being gene- 
rally ‘‘ white’ and the upper ‘‘ grey,”’ and the writer is not 
aware of any satisfactory explanation having been adduced 
to account for the production of this peculiar description 
of iron. It has been suggested that the two qualities have 
been made in the furnace, but have not assimilated to- 
gether, and that after — run out of the furnace the 


commoner quality has settled to the bottom in cooling. 
There is asthing in the composition of the iron to account 
for the peculiarity, as is shown by the following analysis 
(it may be remarked that the white portion is always ex- 
cessively hard) : 
Diamond Iron. 
White Portion. Grey Portion. 
Iron ... oes sso .. 91.158 91.938 
Carbon (combined)... 8.500 1.860 
» (graphite) ... eo» =1.620 3.220 
e8e ... és 2.118 1.470 
Silicon as eee 0.168 0.280 
Sulphur... bc 0.049 0.091 
Phosphorus ... 1.390 1.141 
Copper see as traces traces 


Respecting the furnaces, the plate of sections shows each 
that has been built in the district. The increase in height 
and size will be remarked. There is not, however, any one 
calling for special notice, excepting that perhaps of the 
Redbourn Hill Iron Company, designed by Mr. Dobbs, of 
Middlesbrough, in which an attempt is made to deal with 
the moisture in the stone before referred to. In this fur- 
nace the gas can be taken off either at the top or at a point 
22 ft. lower down, and the arrangement is to take off at 
the lower point sufficient gn to supply the stoves and 
boilers, and then to allow the surplus to pass through the 
material above this point, and to escape with the moisture 
driven off through an escape pipe fixed on the upper gas 
box. This plan works very well, the only objection being 
that the — _ c.. ‘becomes " with dust, and 
requires frequent cleaning out. In the open-topped fur- 
naces the is taken off at distances varyi Rom 8 ft. 
to 15 ft. from the top, and with sufficient draught of 
chimney enough can be obtained to do away entirely with 
the use of coal at either stoves or boilers. The stoves 
throughout the district are of the ordinary Cleveland 
es and the heats obtained vary from 800 to 1000 deg. 


aor. 

The ual and steady rise of the industry will be seen 
particulars of the stone raised from the 

he iron made from the year 1866, down to 


by the followi 
ho 1859, df 
end of 1875: 








Stone Make of Stone Make of 

Year. Raised. Iron. °°" Raised. Iron. 
1859 2,000 — 1868 200,699 33,999 
1860 16,192 — 1869 220,524 33,786 
1861 32,709 a 1870 216,829 31,690 
1862 50,323 — 1871 217,767 30,122 
1863 69,618 — 1872 256,149 , 
1864 74,619 — 1873 350,281 52,076 
1865 124,958 — 1874 463,239 ;260 
1866 175,720 13,765 1875 626,627 110,000 
1867 192,213 25,579 


Total 3,290,467 435,266 


Taking the field generally, there is no doubt but that it 
contains a valuable and practically inexhaustible supply of 
stone from which a high class iron for special purposes can 
be made ; that the difficulties attending its varying chemical 
composition and character by careful selection can be 
removed, and a uniform mixture obtained for the furnace ; 


and also that, by the adoption of suitable means, the ex- 4 


cessive moisture might be got rid of, and uniformity also 
established in this particular. The whole question of success 
or non-success in the a of the stone turns upon this 
matter of selection—upon the proper mixture of the ma- 
terials required to produce a fluid cinder. At the opening 
out of the district (as has been the case in the opening out 
of all iron districts), through this mixture of material not 
being understood, great difficulties were encountered ; all 
experience had to gained by experiment, and by some 
who were first in the field this experience was gained at no 
small cost to themselves. 

With this proper selection of the stone understood, and 
the means of carrying it out, there is not at the present 
time any more difficulty in handling it in the furnace than 
in treating the more re; r stones of other districts ; while 
with these conditions the results will compare very favour- 
ably for Lincolnshire, both commercially and in respect to 
the quality of iron produced. 








TECHNICAL EDUCATION IN CONNEC- 
TION WITH THE IRON TRADE.* 
By Mr. Joun Jones, Middlesbrough. 

In this communication it is not my intention to dwell at 
any length upon the importance of what is termed technical 
education. ‘This importance is now very generally recog- 
nised throughout this country, but, in respect to the means 
available for imparting special scientific instruction erine | 
upon the various arts and industries, it must be admii 
that land does not compare at all favourably with the 
many other countries which are in close competition with our 
own manufacturers in the markets of the world. The great 
hindrance, however, that has hitherto been expericnced in 
dealing with technical education has been the unsatisfactory 
condition of primary education in England. It is useless 
to expect a flourishing fruit tree by engrafting upon a weak 
and worthless stock ; and as it is only within the last six 
ears that any successful attempt has been made to estab- 
sh a broad system of elementary education, we can hardly 
look for tangible results, as far as the mass of the popula- 
tion is concerned, until the present rising generation grows 
up. But there can be no doubt that the educational ma- 
chinery that was available and in operation previous to the 
passing of the more recent Acts was the means of afford- 
ing a good elementary education along certain lines ; its 
defect was that it did not grapple with the wiiole field of 
ignorance. It is to be hoped that this difficulty is now in a 
fair way of being removed. Turning now to what has 
been done in providing facilities for imparting technical 
knowledge, we must not overlook the fact that this matter 
has by no means been lost sight of or neglected ; but we 
have not yet got so far as several other countries have 
done. The establishment of the School of Mines in Jermyn- 
street has been productive of some good results, but it has 
not accomplished anything like what was originally ex- 
pected from it. Mining schools have been tried in several 
of the colliery and mining districts, and have been useful 
in their way. The Science and Art Department at South 
Kensington has, however, been successful in organising an 
excellent system for roe knowledge of elementa 
science. In order to effect this, it has mainly taken ad- 
vantage of the teaching staff of the primary schools, and, 
by offering inducements in the shape of mone ants ac- 
cording to results, the foundation has y laid 
upon which a good superstructure ought to be built. But, 
asa general rule, the South Kensington system cannot 
advance matters beyond the first or elementary stage. It 
has the effect of imparting the rudiments of technical and 
scientific knowledge, and sifts out those whose aptitude 
and inclination would lead them to pursue their studies, 
provided suitable facilities existed within easy reach. Such 
youths or men are the cream of what may be termed the 
upper and more intelligent industrial class. ‘They have to 
earn a living, and cannot, therefore, go to a distant place 
to follow up their studies ; but wherever institutions of the 
right kind exist, they readily avail themselves of the same. 
It is unfortunate, however, that comparatively few of such 
institutions have been established, and of those already 
organised several have not advanced beyond what may be 
termed the initiative stage, and are, consequently, only 
able to furnish technical and scientific education in a limited 
number of departments. It is with a view of pointing out 
one way at least in which institutions of this character 
might be very greatly assisted that this paper has been 


prepared, and this I shall presently proceed todo. But in | ad 


order to show the intimate bearing of this subject upon 
the iron and steel industries, it may be remarked that the 
manufacture of iron and steel is constantly becoming more 
scientific in its character ; and looking at the tendency of 
things just now, as shown by subjects introduced at this 


* eee read at the Leeds Meeting of the Iron and Steel 
Institute, 








and other meetings of the Iron and Steel Institute, there 
will be a rapidly increasing demand, not merely for accom- 

lished scientific men to direct operations, but also for a 
bighly intelligent class of workmen to carry out the practi- 

letails. Unless such workmen are available the intro- 
duction of new processes or appliances is attended with the 
greatest difficulties, and doubtless owing to this cause man 
really valuable inventions have been abandoned. It would, 
however, in my opinion, be useless to attempt to overcome 
this obstacle to progress by any special means ; it is rather 
to a general spread of er education that we must look 
as the agency that will be most effective in raising the 
workmen to the requisite standard, so that they may be 
able to second and carry out the instructions of the direct- 
ing minds, I fully believe that had a suitable class of men 
been procurable, the results that would have been obtained 
in connection with mechanical puddling would have been 
much more satisfactory. I think it is quite unnecessary to 
more on this point. I believe it will be generally ad- 
mitted that it is as desirable to have educated and intelli- 
gent workmen in the principal departments of the iron and 
steel manufacture as it is in any of our national industries. 
It is, therefore, most important that every possible means 
should be adopted for supplementing and extending the 
existing arrangements for imparting what we term techni- 
cal knowledge, and it so happens that there is one way in 
which I venture to think substantial aid might be rendered 
in this respect. 

It will remembered that when the International Ex- 
hibition of 1851 was being organised, the principal towns in 
the country were asked to guarantee considerable sums 
in case the Exhibition should not be a financial success. 
This appeal was heartily responded to, though, fortunately, 
it was not necessary to fall back upon this resource ; on the 
contrary, the Commissioners found themselves in possession 
of a surplus of about 186,000. when the affair was over. 
This money they judiciously invested in the purchase of the 
Kensington Gore Estate, which proved an exceedingly pro- 
fitable speculation. It is estimated that if the Commissioners’ 
income from ground rents were capitalised, and the land 
still available for building purposes sold, a sum would be 

representing several times the original purchase 
money. An announcement has recently been made to the 
effect that the Commissioners propose to expend 100,0001. in 
providing a scientific library at South Kensington, and in 
creating scholarships in connection with the Science and 
Art Department. Now, if this is adopted, the benefits 
will be almost totally confined to London, where t 
facilities already exist for obtaining free access to any we 
in the language, and the creation of a limited number of 
scholarships would not have much influence in promoti 
technical education generally. But it does not seem jus 
and equitable to concentrate the contemplated cipeuiliiate 
in London. The fund out of which the requisite money is 
to come belongs to the country, and should be, if possible, 
applied in such a manner as to render it useful over an ex- 
tended area. The Le ae 4 held by the Commissioners 
should in equity be dealt with in some degree with reference 
to the guarantees that were given by the leading towns in 
order to render the Exhibition safe, and which were absolutely 
requisite before the matter could be undertaken. This view 
has already been strongly advocated by several provincial 
newspapers representing populous industrial centres, and I 
would strongly urge that the influence of the Iron and S' 
Institute may be pone to bear, in order to obtain a 
general as distinguished from a metropolitan application of 
the fund now under consideration. I would not suggest that 
any attempt should be made to apply it in anything like 
strict proportion to the amounts originally guaranteed by 
various towns. I maintain that the Commissioners would be 
carry out the spirit in which a fund of this nature 
should be administered if they were to render assistance 
within certain limits to the science colleges and institutions 
of a similar character that have been established in the prin- 
cipal manufacturing and industrial districts, and by offering 
aid to new institutions a great impetus would be given to 
the foundation of other a in suitable localities. If 
the Commissioners could be induced to capitalise their pro- 
perty, and to apply it in the manner indicated, the beneficial 
results would be vastly increased, but with the 100,000. 
which they now propose to spend most valuable aid might 
be rendered where at present it is most urgently needed: 
Nor would this plan involve the abandonment of the proposal 
to establish science scholarships, only these would be best 
localised and made tenable at the provincial colleges and in- 
stitutions. But the question arises: In what form should 
this aid be given to the local science colleges? It would 
evidently be injudicious to make a grant in money to go 
towards building or furnishing funds. The assistance 
should rather be in the form of a loan, so that the property 
could revert to the Commissioners in case any particular in- 
stitution ceased to exist or to fulfil the conditions under 
which the assistance was first given. For instance, to take 
the newly-established science college in Leeds, there can be 
no doubt that the loan of a library of scientific books, re- 
presenting, say, 10,000/., would be a most valuable aid, 
and would tend very much to draw studtnts and to render 
the lectures of the professors more effective. The institu- 
tion of a few scholarships would also be of great service, 
and in this manner local interest would be stimulated. 
Should the college at any future time cease to exist, the 
library wonld simply revert to the Commissioners, and they 
could make it available elsewhere. ‘This is not the place to 
attempt a discussion of details; I can only indicate the 
principle which I consider might be most advan ly 
opted. Nor is it necessary that I should specially refer 
to suitable institutions that already exist, and which fall at 
once within the category that ought to be entitled to par- 
ticipate in the benefits which might arise from the provincial 
application of the Commissicners’ funds. It is sufficient to 
say that such institutions are already established in con- 





nection with the principal iron manuf: tricts, and 
doubtless, where nothing of the kind has yet provided, 
the want would be speedily supplied. 
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DISCONNECTING COMPOUND ENGINES FOR TUG BOATS. 
CONSTRUCTED BY MESSRS. RANKIN AND BLACKMORE, ENGINEERS, GREENOOK. 





Fig [2 
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Tue engines, which are illustrated by the engravings on 
this and the opposite pages, have been constructed under the 
patent of Mr. Daniel Rankin (of the firm of Rankin and 
Blackmore, Greenock), upon a system which he has intro- 
duced with the intention of obviating one of the principal 





/ 








difficulties which has hitherto stood in the way of the use 
of compound engines in steamers driven by paddle wheels. 
The difficulty arises from the fact that in so many cases 
the wheels have to be disconnected and worked separately, 
either in the same or in opposite directions. Under the 





usual arrangement. this necessitates having both a high 
and a low-pressure cylinder for each wheel, or four cylinders 
in all. The increased complication and first cost thus 
caused are hardly counterbalanced in ordinary cases by the 
accompanying saving of fuel, so that compound engines 
have hardly made their way at all into paddle-wheel tugs 
and similar vessels, in spite of the importance of fuel eco- 
nomy in such cases. 

In our engravings, Fig. 1 shows a side elevation of the 

engines, Fig. 2 an end elevation, and Fig. 3a plan of the 
cylinders and disconnecting valves. Mr. Rankin’s arrange- 
ment is a very simple one and can be easily understood by a 
reference to the lettering on the figures. Under ordinary 
circumstances, when the engines are coupled, they work 
just as common compounds with cranks at right angles. 
The exhaust steam from the high-pressure cylinder passes 
into the chamber G between the cylinders, thence freely 
to the low-pressure valve chest H, and from the low- 
pressure. exhaust through the O to the con- 
denser. When, however, the wheels are diseonnected, the 
two cylinders will no longer (in general) make stroke for 
stroke; one may run faster than the other, or one may stop 
altogether. To meet this case three additional valves are 
added to the engine. The first of these is an Auld’s re- 
reducing valve E placed on a prolongation D of the main 
steam pipe A. This valve communicates by the pipe F 
with the intermediate chamber G. The other two valves 
are placed upon the chamber G itself. One of them, K, 
is weighted to a pressure of 14 lb. per square inch above 
the atmosphere, and communicates with a pipe L opening 
freely to the air. The other, M, is loaded tv 20 1b. per 
square inch, and communicates through the branch N with 
the main exhaust pipeO. When the engines are uncoupled 
the reducing valve is opened by the hand lever on deck 
shown in Fig. 1, and the chamber thus kept supplied with 
as much low-pressure steam as may be needed by the large 
cylinder. If the high-pressure cylinder be working alone 
its exhaust steam discharges itself through K and L into 
the atmosphere, or if its pressure exceed 20 Ib., into the con- 
denser. If the low-pressure cylinder be working alone it 
receives all its steam through F, the chamber G becomes 
simply a part of its valve chest, and it exhausts to the con- 
denser in the usual way. If both cylinders are working 
the low-pressure cylinder may be using only a part of the 
steam exhausted from the high-pressure cylinder, or (gene- 
rally) may require additional steam at times through the 
reducing valve. When disconnected, of course the engines 
do not work economically, but the time during which they 
work uncoupled is comparatively so short that this need 
hardly be taken into account, It will be seen that the 
valve M is not essential; it has been omitted in some 
cases. 
Apart from this special arrangement for disconnected 
working, the engines hardly require description, and the draw- 
ings show their construction very clearly. ‘Their general 
design seems neat and substantial. The leading dimensions 
are as follows: cylinders 24in. and 48in. in diameter by 
4ft. Gin. stroke, air pumps 18 in. in diameter by 15 in. 
stroke, circulating pumps 18 in. in diameter by 12 in, stroke, 
feed and bilge pumps 4 in. in diameter by 15in. ani 12 in. 
stroke respectively. The surface condenser, is fitted with 
horizontal tubes, and is placed athwartships under the 
framing. 

The accounts we have of the working of engines on Mr. 
Rankin’s system are very satisfactory, both as to the ease 
with which they are handled and the consumption of fuel 
in them. The arrangement seems really to meet the pur- 
pose for which it has been designed, and there are certainly 
many cases in which it may be adopted with great ad. 


vantage. 


BRIDGE AND VIADUCTS ON THE SETTLE 
AND CARLISLE RAILWAY. 

A sHorr time since (see page 439 of our 21st volume) we 
published a description of the Settle and Carlisle Railway, 
recently opened for traffic by the Midland Railway Company. 
We this week give a two-page ving, containing 
drawings of one of the bridges and two of the viaducts 
upon this line. The first named of these, is the bridge 
over the river Ribble at 5 miles 1 chain beyond Settle. 
It is in masonry with a skew of 34.30 deg., and in three 
spans of 29 ft. 9in. each on the square, the total length 
being 144 ft., and the height from the ground to rail 
level 49 ft. The first viaduct illustrated is the Smardale 
Viaduct at 33 miles 79 chains from Settle Station. It is 
702 ft. in length and consists of 12 arches of 465 ft. span 
each. It is the highest structure on the line, being 
128 ft. 6 in. from ground surface to rail level. The details 
are similar in all respects to those of the Batty Moss Via- 
duct, which is the last of the series we illustrate. The 
engravings show an elevation, plan, and detail sectional 
views of the latter work. This structure occurs at 18 miles 
5 chains from the Settle Station, and is constructed on a 
curve. It is 1880 ft. in length, and consists of 24 arches 
each of 465 ft. span, the extreme height from ground sur- 
face to rail level being 102ft. The piers are block in 
course, and the abutments snecked rubble. The leading 
dimensions are given on the drawings, which show clearly 
the constructive details, rendering further reference here 


unnecessary. 
American Locomorives.—One of the Paterson loco- 


motive works has just concluded a contract for four locomo- 
tives for South America, 
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COMPASS CORRECTION IN IRON SHIPS.* 
By Str WILLIAM THoMsoNn. 


Tax disti author said this problem was set to 
Professor Airy, the Astronomer Royal, nearly 40 years ago- 
Sir Airy at that time made a very elaborate investi- 


gation of compass errors in ships, and proposed a method of 
correction which been more or less in use ever since. 
His method was by steel magnets for part of the errors due, 
either to the permanent magnetism of the ship, or the 
magnetism induced by the vertical component of the 
magnetising force. Another part of the error to be corrected 
iy danging tea mageeiien otlsh tho chip caperiepenl ap 
c ing the magnetism whi ship experie: as 
the fuened s round into ma on itions, and = amen 
in those different positions by the magnetising force of the 
earth. The correction of the quadrantal error was masses 
of soft iron, not magnets, placed on the two sides of the 
compass. When these were properly applied the ship’s 
compass would be correct as long as the ship remained in 
the same ition. But if the ship heeled over, another 
error would arise ; and Professor Airy showed how that was 
to be corrected; and the Astronomer Royal’s plan was 
largely employed in merchant ships ; but the results were not 
all that might be expected. Mr. Smith and Captain Evans 
investigated very carefully the effect of the quadrantal cor- 
rectors, as they were called, and they found that they 
introduced other errors of a more dangerous kind than that 
which they correct, with the compasses actually used in 
merchant ships, ially large Pp , an 
with only two needles or one needle. They also found that 
with the Admiralty compass this particularly dangerous 
error of the quadrantal correctors was escaped from, and 
the result was that the quadrantal correctness might be 
safely applied. Another point, however, was not looked 
upon by Smith and Evans, and that was the magnetism in- 
duced in the correctors by the influence of the compass needle. 
About half of the whole effect of the soft iron correctors was 
due to the indications of the magnetic needle in the correc- 
tors; and only one-half was of the kind aimed at by the 
Astronomer Royal. What then was the evil ba had to 
apprehend ? As long as the ship remained in the same latitude, 
the quadrantal corrector with Smith’s arrangement would 
answer ; but in high northern latitudes the correction would 
be greatly overdone, and in southern latitudes the correc- 
tion would be underdone. Now the great merit of the qua- 
ntal corrector was this, that when once made for the ship 
it was perfect for ever. Having explained that the manage- 
ment of the compass on an iron ship was an enormous 
facility for the paonntion of quadrantal error, he said the 
one thing needful for quadrantal correctness, supposed by 
the Astronomer Royal, and yerfect for all latitudes, was a 
magnet on the com guard whose et movement 
should be so small that their magnetising influence on the 
correctors should exercise no sensible effect on themselves. 
When he took up this subject it came to him in this light, 
that he must have’ much smaller needles than in the Ad- 
—— ome. They —_ see von had a that 
result— by lightening as much as ible everything except 
the arm which was to bear the card which they read off from. 
We could get the proper smallness of fractional error with 
omenay amall needles. The largest was about 2}in. long, 
and his hearers eould see how small they were. It was 
quite certain that the reflex action of these needles upon the 
qvadrantal correctors would be quite insensible. As to the 
rapidity of vibration of the compass, to get a steady 
compass at sea it yt ny necessary to have a long period 
of vibration. We a compass which was very much 
steadier at sea than the Admiralty compass. ae given 
a caution inst a free magnet in any part of the ship, as 
being prot me dangerous—as dangerous as dynamite— 
he showed a binnacle which had » means of applying a cor- 
rector for the first error. He had made an exceedingly 
simple method of adjustment which could be worked without 
screws, which would be always seen, and which, if wrong, 
would be seen to be wrong. The correctors of the qua- 
drantal error were to be applied by larger or smaller sizes 
of soft iron. When you had got the quadrantal error cor- 
rected, it was an easy matter to get the compasses corrected 
without sights of sun or stars. He showed that his plan 
did not prevent azimuth observations ; and he said there 
were some minor advantages of hardness, and ability to 
stand rough usage. 


UNDERGROUND TEMPERATURE. 

Report of Committee read in Mathematical and Physical 

Science Section of the British Association, Glasgow 

Meeting. 
Prorgrssor EvERETT submitted the veport of the Under- 
ground Temperature Committee. He began by explaining 
some of the thermometers which had been for parti- 
cular purposes, and afterwards said that the subject which 
had been under the consideration of the committee was the 
convection of water in bores and of the means to prevent it. 
A great many experiments had been made, but they had 
been all rejected. They had, however, obtained some which 
were the best that had yet been got There was an exceed- 
ingly — bore at Sperenberg, about 20 miles from Berlin. 
It was 4052 Rhenish feet, or 4172 English feet deep, and the 
bore was almost entirely through rock sa.t, and full of 
water, and the temperature at the surface was 7.2 deg. 
Reaumur; at 700 ft. the temperature was 17.2; and at 
3390 ft., the deepest point at which reliable observations 
were obtained, the temperature was 37.2, and that gave 
1 deg. Fahr.to 50 Rhenish feet. These observations showed 
that there was a decided decrease of the rate of increase as 
they wont deeper. The next thi the committee had 
directed their attention to was dosing and in that the 
most careful observations had been ie to ascertain the 
effect of convection, and whether flooding was necessary, 


aper read before the Mathematical and 
tion of the British Association, Glasgow 

















* Abstract of 
Physical Science 
meeting. 





The first experiment was made to ascertain whether the 
water at the bottom of the bore had the normal tempera- 
ture of the surrounding rock, because if the water at the 
bottom did not possess that qualification the water 
in other parts would not. The way in which it was 
tested was, that when the bore had gone to a 
certain depth an advance bore was made of smaller 
diameter: and into that advance bore a thermo- 
meter was let down, ‘and the bore then plugged at 
the place where it communicated with the big bore. The 
thermometer on being taken out gave a tem ture of 
something more than 36 deg., and the same thermometer 
let down without the bore being plugged gave a reading of 
33 deg. Reaumur. Another thermometer of a different 
construction gave readings similar to those of the other. 
The committee had under consideration the obtaining of a 

lug which would effectually separate the water of the 

re below from that above, and at the same time be easy 
to let down and draw up. Great difficulty had been experi- 
enced in reference to that point, and that would now be 
the aim of the committee to secure such an appliance in 
order to get correct observations. Additional experiments 
had been made at a place called Swinderby, near Scarle, 
Lincoln, 2000 ft. deep, which he understood was the deepest 
bore in the eastof England. At that depth the temperature 
was found to be 79 deg. Fahr., and deducting from that 
the temperature of the surface—50 deg.—gave a difference 
of 29 deg. Another observation at 1950 ft. gave a tempera- 
ture of 78deg. Inaddition tothese, Mr. Symons had taken 
observations in a well at Kentish Town for the purpose of 
determining whether at a given depth—of say 1000 ft.— 
there was any change of temperature, but as the wire by 
which the thermometer had been let down had increased in 
length to an average over the two years of about 5ft:, 
there was seals no reliable result obtained. Favourabie 
“1 ge also been taken at Angers, in the North 
of France. 


NOTES FROM THE SOUTH-WEST. 
Portishead Docks.—A large number of masons have 
lately been taken on at the docks, and great progress is now 
being made with the works. The first ship is expected to 
enter the docks October 1, 1877. 


Rails for Brazil.—An order for 17,000 tons of rails has 
been secured at siguney for Brazil. This will, of course, 
materially help to keep the works going. 

New Zealand Coal.—An experiment is about to be tried 

which, if successful, promises to be of the greatest import- 
ance. For the requirements of Her Majesty’s ships on 
such distant stations as China, Australia, and the Pacific, 
a large amount of coal has to be annually exported from 
this country. Australian coal has been tried with but little 
success up to the present date, owing to its being very soft, 
quickly » Aen and very smoky. It is, however, used 
as a makeshift, and great expense is entailed by sendin 
supplies to these distant stations. Some coalbeds whic 
have been discovered in New Zealand are stated to yield 
coal fulfilling all the requirements of the men-of-war ; and 
the coal having been brought under the notice of the 
Admiralty, their lordships have ordered a report upon its 
merits. 
Welsh Coal for France.—It is reported in South Wales 
that Messrs. Coffin and Co., who have collieries in the 
Rhondda Valley, have entered into a contract with the 
Orleans Railway Company (France) to supply that company 
with steam coal for the next five years. It is very possible, 
however, that there may be some little exaggeration in this 
statement. 


The Great Western at Milford.—The widening of the 
station at New Milford is in hand; by this measure 
increased wharf accommodation will be obtained. A dredging 
machine for deepening the harbour is expected to be 
received in October. 


The Great Western at Bristol._—An additional goods shed 
at Bristol has been completed, and it is now arran to 
convert the old sheds in accordance with an improved plan, 
by which a permanent locomotive incline will be substituted 
for hydraulic lifts. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market —At the market on Tuesday 
a decidedly better tone was noticeable. It is too early yet to 
attempt to form a judgment as to whether a seule of the 
trade is likely to take place, ;but the signs are decidedly 
hopeful. ‘There was a better inquiry for forge iron than 
had been known for several weeks previous. Both mer- 
chants and makers of the not over-sanguine class appear to 
be impressed [with the idea that good times are coming 
again once more. There is a large ‘quantity of iron in 
stock, and, therefore, the increased demand has not yet 
had any material influence upon prices, which remain steady 

at last week’s quotations. 


The Finished Iron Trade.— This department of the 
iron industry, especially in the Middlesbrough district, is 
very dull. Some mills and forges have been able to kee 
going, but the greater proportion of them are dark and cold. 
It is a melancholy reflection to consider what a lerge 
amount of good capital has been sunk in rail mills, forges, 
&e., in this district in the belief that the iron and golden age 
would last for ever. The plate mills are fairly supplied with 
orders. The rail department suffers most, to such a degree 
in fact that an order for 7000 tons, which was distributed 
lately amongst two or three firms, was largely sought for 
and prized. 

Tron Shipbuilding.—Iron shipbuilding prospers in the 
North of England amongst the depression. Some very 

















on merchant sailing vessels have lately been built on the 





The Steel Trade.—The works which Messrs. Bolckow, 
Vaughan, and Co., Limited, are putting down at Southbank, 
a Middlesbrough, for the — of steel from 

panish ore are progressing completion. Much 
interest is taken in the district in this the rary introduction 
of the steel trade into Cleveland. 

Financial Matters.—The financial affairs of Cleveland 
are in a much quieter state than they have been for a long 
time. Confidence is therefore becoming restored, and the 
substantial firms whose credit has been affected by the 
- rr are beginning to recover from the effects 
of the s . 





NOTES FROM THE NORTH. 
GLasaow, Wednesday. 


Glasgow Pig Iron Market.—The pig iron market was 
firm on Thursday forenoon, with business done in warrants 
at 55s. 104d. to cash, closing rather buyers over at the 


higher quotations, with sellers at. In the afternoon the 
market continued firm, prices remaining as at the close of 
the forenoon market, sellers 56s., buyers 55s. 103d. cash. 
On the following morning the market was quite inanimate, 
no ¢ e taking place in the quotations or business re. 
ported—buyers 56s. cash, sellers 56s. 14d. The afternoon 
market was again idle, and the prices remained unchanged. 
There was a steady market on Monday forenoon, but again 
without business. Buyers at the close offered 56s., and 
sellers asked 1d. per ton more. No change took place in 

rices, and the market closed without any business being 

one. The warrant market was more active yesterda 
forenoon, and a few lots ch hands at 56s. 3d. cas 
and 56s. 44d. fourteen days and one month, closing easier, 
sellers 56s. 3d. cash, sellers 56s. 14. No business was re- 
ported in the afternoon, nor was there any change in the 
quotations. To-day’s market has passed over without any 
material change. It is generally understood prices have 
become so low as to justify a poe reduction of the make, 
but in the mean time another furnace has been blown in, 
thus making a total of 118 furnaces in operation as against 
114 at the same time last year. The stock in Messrs. 
Connal and Co.’s stores last Friday night was 84,874 tons, 
thus showing an increase for the week of 1935 tons. Last 
week’s shipments amounted to 10,303 tons, as against 
11,501 tons in the corresponding week of last year. 


pa eee Iron.—The condition of the manufactured 
— e remains dee agmat ony material e There is, 
perhaps, a more steady e doing, but, notwithstandi 

the prices still incline to droop. _ ~— 

Burntisland New Dock.—The tardy progress of the 
works ne to complete this undertaking has led to 
conferences being held with the view of expediting what re- 
mains to be done. On Thursday, and again on Saturda: 

t week, Mr. Walker, manager of the North Britis 

ilway, and Sir James Falshaw, one of the directors, met 
Provost Robertson and other representatives of the Burn- 
tisland Town Council, together with the engineer, and Mr. 
Scott, the contractor. Some facilities are to be afforded 
to the contractor to secure a speedy completion of the 
works ; and two additional loading berths, with the neces- 
—_ a tus, are to be provided, should an arrangement 
mu ly satisfactory be come to as to the funds, the exist- 
ing contracts exhausting the loans effected under former 
agreements, 

Fog Signal.—A powerful syren fog signal has been 
erected by the Commissioners of the Northern Lighthouses 
at Ship , off Sanda lighthouse, two miles off the 
oulonrt I, = Mull poet my which will be sounded 

uring thick or weather. e apparatus is placed at 
about 150 ft. above the level of the sea. . 


New Contracts for Water Pipes.—Messrs. Laidlaw and 
Son, in conjunction with Messrs. Robert Maclaren and Co., 
pipe founders, Glasgow, have just concluded a contract 
with the Town Council of Bombay for the supply of 15,355 
tons of cast iron i.~ for the new water works about to 
be taken in hand for the city. The contract price is 
123,607/., or 6371. less than the tender of Messrs. D. Y. 
Stewart and Co., in conjunction with Messrs. Thomas 
Edington and Sons, also of Glasgow. A contract has also 
been secured lately by Messrs. Stewart and Co., to supply 
the piping for the Galashiels Water Works. Their tender 
was 71501., which is about 9001. below the engineer’s esti- 
mate, the difference being chiefly due to the great fall in 
the price of pig iron. 

New Steamboat Quay at Stirling.—The Forth Naviga- 
tion Commissioners have resolved to erect a new steamboat 
pier at Stirling, and the offer of Messrs. Laidlaw, Sons, 
and Caine, Glasgow, to do the work has been accepted. It 
will be constructed chiefly of iron. 


Interesting Relic of the Comet.—At a banquet given by 
the Lord Provost of Glasgow last week to the leading 
members of the British Association, Mr. MacGeorge, one 
of the local speakers, presented to the city the cylinder of 
Henry Bell’s first steamer the Comet. It was looked upon 
by the guests with very peculiar interest. Its diameter is 
12 in. and its length 20 in. 





BELGIAN Coat Imports.—In the seven months ending 
July 31 this year, Belgium imported 428,000 tons of coal, 
against 375,000 tons in the corresponding period of 1875. 


Tae Suz CanaL.—The number of vessels which passed 
through the Suez Canal in the first eight months of this 
year was 1009,as compared with 1014 in the corresponding 
period of 1875, and 830 in the comntipending period of 1874. 
‘The transit revenue collected be the Suez Company 
in the first eight months of this year was 811,412/., as com- 
pared with 770,461/. in the corresponding period of 1875, 
and 652,100/. in the ling period of 1874, The 
business of the canal is thus ly increasing. 
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THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr, JoHN BoGart, ¢he 
Secretary of the Society of Civil Bugineers at the Cen- 
tennial Exhibition, will, until the close of that Ex- 
hibition, act as the representative of ENGINEERING, and 
communications relating to editorial matters may be 
addressed to him either at the Society of Civil Eugi- 
neers’ rooms at the Main Building of the Exhibition, or 
at1100, Girard-street, Philadelphia. 
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GAS, WATER, AND SANITARY 
LEGISLATION, 1876. 

THERE have been few Parliamentary sessions 
ushered in with greater promises of legislative im- 
provements in regard to , water, sani , and 
cognate subjects than that of 1876. But the optimists 
have been disappointed, for little has been done. For 
the last four years Boards, Commissions, local au- 
thorities, &c., have all been engaged in fostering 
schemes for advance in the questions, and yet, except 
by private action, little or no progress has been made. 

Commencing with the metropolis, several Bills 
and suggestions were introduced for improving, 
modifying, or extending the present gas and water 
supplies. By an agreement of the leading gas com- 
panies themselves the scheme of amalgamation was 
largely extended, but controlled by the action of the 
Board of Trade and the Metropolitan Board. 
There is no doubt that, especially by the adoption 
of the * sliding scale,” the consumer and the share- 
holder will alike be protected. So long as public 
companies or private firms work under the benefit 
of a monopoly there is no inducement to economic 
production, and consequently high price and bad 
quality are the usual characteristics of the product, 

The recent half-yearly meetings of most of the 
gas companies show that the statutory dividend 
of 10 per cent. has not only been maintained, but a 
large surplus has in most cases been earned, It is 
most likely that the result has largely accrued from 


the low prices of coal and iron, but in most cases 
an increased consumption has arisen, consequently 





in every possible way the companies have had the 
advantage. In regard to the provinces there seems 
to be a general desire of purchase by the local 
authority of the interests of private gas companies. 
In some cases competition of one or more companies 
in a town has generally had the effect of keeping 
the price of gas within moderate limits, at least, so 
far as small towns are concerned. But in largely 
populated districts the general tendency is to put 
the gas supply into the hands of the corporation, in 
the hope of securing low price, good quality, and 
abundant supply. 

The rats A water supply was frequently 
brought before Parliament during the session, but 
for all practical purposes with no result. For some 
time to come the inhabitants of the southern portion 
must necessarily be content to use highly diluted 
sewage for domestic purposes. One cheering fact 
however has appeared, which is the success that has 
attended the formation of an artesian well in the 
Colne Valley, the works of which we gave a descrip- 
tion in a recent issue, There are now therefore two 
good supplies of water from the chalk, one each in 
the eastern and western extremities of the metro- 
polis. Although at present the supply is limited, 
there seems considerable hope that eventually the 
chalk strata will largely supplement the indifferent 
sup ly obtained from the New River, the Lea, and 
the T ames, 


Apart from domestic requirements, the question 
of water supply for the extinction of fire is an im- 
portant one. Perhaps no instance shows the neces- 
sity of a high pressure, constant, and abundant 
supply than the recent fire at Brooke’s Wharf in 
Upper Thames-street. In the middle of a summer's 
afternoon, with every possible mechanical appliance, 
the whole of the Metropolitan Brigade entirely at 
liberty, an immense amount of property was de- 
stroyed within two or three hours. Fortunately 
our large fires usually occur at long intervals, and 
very rarely at the same time, But those who wit- 
nessed this fire must have been deeply impressed 
with the danger, not of its only spreading in the 
immediate neighbourhood, oe oe assage of 
great flakes of burning material g waited by the 
wind to a distance of at least a quarter of a mile. 
A few open windows in the neighbourhood might 
have spread the conflagration, and indeed have 

roduced results to fight against which our entire 
Scteeis would be utterly useless. It is to be hoped 
that the recent Commission on the protection of the 
metropolis from fire may result in something like 
useful legislation. 

Several Bills were introduced for the improve- 
ment of water supply to the provinces, Asa rule, the 
large provincial towns, governed by business men, 
know how to mind their interests, consequently we 
find that Liverpool, Leeds, &c,, have all made at- 
tempts to improve their water in quantity and 
quality. . 

Briefly, we may notice that Mr. Cross’s Artisans’ 
Dwellings Bill of 1875 has eae wef been adopted, 
although, probably, some difficulties may have to be 
amended next session. 

The most important sanitary measure of the 
session was that of the Prevention of Rivers Pollu- 
tion Act. For years almost every river, stream, or 
rivulet in England and Scotland has been polluted, 
until a state most dangerous to health has been 
reached. In our manufacturing districts every 
imaginable abomination is cast by the sewers into 
the rivers. Sewage, solid and liquid manufacturing 
refuse of all kinds, thus found their way into the 
stream, depositing on the banks a mass which 
pees in the air, making the water loathsome to 

oth sight and smell, and spreading disease and 
death on all sides. In hot weather a visit to the 
Aire, near Leeds, the Clyde at Glasgow, the Med- 
lock, &c., at Manchester, is simply dangerous, a 
fact which may give some faint idea of what the 
inhabitants must suffer who are compelled to reside 
in such localities, But another evil also results 
from such causes. The solid refuse being deposited 
in the bed of the river, and on its banks, gradually 
lessens the depth and s of the flow. Conse- 
quently during heavy rains, the water overflows the 
banks and deposits the floating filth permanently. 
In some cases, especially in the mining districts, this 
has been the cause of great damage to property, 
an danger to the lives of man and domestic ani- 
mals. 

These matters have been the constant subject of 
inquiry for the last quarter of a century. Royal 
Commissions have been issued, and their reports 
have until recently produced not the slightest 








effect. It has long been contended that to interfere 
effectually with the pollution of our rivers would 
result in tly injuring our industrial processes, 
For this and a variety of equally lame excuses, the 
question has been defe session after session. 
Some excellent spasmodic speeches have been 
annually delivered in Parliament, but with no result 
until the present session, when the Government 
introduced a Bill to better prevent the pollution of 
rivers and which has now become law. 

Perhaps the measure would have had but little 
chance of passing had not the manufacturers them- 
selves become alarmed at the increasing pollution 
which threatened to do them great pecuniary injury. 
In most of our manufacturing districts the factories 
are so placed that each has to receive the polluted 
water from his neighbour higher up.the stream. 
The consequences are self-evident, for while the 
factory nearest the source gets pure water, each 
below it gathers the gradual accumulation caused 
by successive influx of refuse. At a conference 
held under the auspices of the Society of Arts last 
December, some of the leading manufacturers of 
Lancashire and Yorkshire stated the great evils 
which thus arose ; and the general feeling was that 
not only should these be remedied, but that abun- 
dance of means existed to remedy the evil, provided 
the manufacturers set about the matter themselves, 
Perhaps this influential acknowledgment has done 
more than an g to settle the question, especially 
backed as it has been by Sir John Hawkshaw’s re- 
port on the Pollution of the Clyde, resulting from 
an investigation he made into the state of that river 
at the request of the present Government during 
1875-6. 

The new Act now in force provides against all 
the evils from river pollution that at present exist. 
It is certainly only a tentative measure, but it em- 
braces all the leading difficulties of the case. It 
entirely forbids all new causes of pollution to 
streams. regard to existing evils it allows a 
period of a year during which manufacturers, local 
authorities, corporations, &c., may have leisure to 
try the best known means, both for remedying and 
preventing pollution, provided that they show them- 
selves to be earnest in the matter, It is proposed 
to deal very cautiously with existing industrial inte- 
rests, and generally the measure may be taken as a 
note of warning to polluters that the country at 
large will have no more of their evil ways. 

uch is a brief review of the sanitary and social 
matters that have been legislated on during 1876. 
Twenty years ago the very attempt to bring such 
questions before Parliament r a storm of ridi- 
cule. We may be thankful for past mercies, al- 
though they are small, but as the absolute necessit; 
is now fully known, as is also the remedy, there 
not the slightest excuse for not putting forth every 
exertion to remove from among us evils that are 
alike a disgrace to, engineering, chemical, and social 
science. ‘The law is now in the hands of the rate- 
payers, and on them resis the responsibility of full 
ture action for their own and the national benefit. 








THE DESTRUCTION OF SUBMARINE 
CABLES. 

WHEN submarine cables were first proposed the 
difficulties of laying them successfully without hitch 
or b seemed to be considered as the sole 
danger in the enterprise, and that when once down 
the cable would last for ever. This may have been 
due to a great extent to the voice of the contractors, 
who had only to make and lay the cables, and 
guarantee that they would transmit a message, 
without taking on themselves any responsibility as 
to the future. Then as cables were laid. successfully 
but failed in some cases through imperfect insula- 
tion a few months after they were laid, the problem 
resolved itself more into the question of perfect 
manufacture and greater safety when down. More 
stringent terms were laid on the contractors, who 
were required to guarantee not only the mere work- 
ing, but a specified perfection of the insulation for 
a term of thirty days. Besides this they were re- 
quired to attend more to the requirements of the 
telegraph companies as regards the route to be 
taken, the proportion of slack, &c. ‘Thus by degrees 
the manufacture was improved, and the cables laid 
under conditions more favourable to their durability 
and maintenance, Latterly the steps nece for 
maintenance have beenmore generally acknowl d, 
and repairing ships accepted as a necessity from the 
commencement of the work on nearly all » whilst 
on those most advanced in this direction, such as the 
Government Persian Gulf line, a proper dockyard 
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with several tanks —— with sheds, pumping 
arrangements, &c., in which cable can be properly 
overhauled, repaired, or kept in stock, forms a part 
of the establishment. The result has been that as 
faults have occurred they have been in most cases 
repaired, and the dangers to which cables are exposed 
have come gradually to light, and are successively 
provided against. 

Even without the information so afforded, it seems 
difficult to imagine the sanguine and confident tone 
of those, who in the days of little knowledge, saw no 
difficulty in an insulated telegraph wire thrown into 
the sea, and traversing hundreds of miles, remaining 
in perfect working order, and free from every 
danger fora long term of years. It would seem 
rather hazardous to a reflective mind to expose even 
a common © to such an ordeal; a furiiori, how 
much more hazardous and hopeless must have 
appeared the chances of preserving not only the 
continuity of a rope, but the perfection of a thin 
coating of ieee round a small copper wire, 
with the knowledge that a wound as big asa pinhole 
would ruin the whole line—for in those days a cable, 
at least in deep water, that would not work, was a 
cable lost. 

The novelty of the enterprise may be said to have 
caused such enthusiasm as to outrun prudence, and 
after submarine cables had been successful in shallow 
seas, and had been repaired and maintained, it was 
thought that everything waseasy. Further failures 
and further difficulties were experienced and over- 
come, until submarine telegraphs have settled down 
to a state in which cables are maintained or aban- 
doned according to circumstances. A mass of in- 
formation has thus been gradually accumulating, and 
which points out the dangers which, formerly un- 
known or ignored, were totally unprovided for on 
the earlier works, The experience gained still 
shows dangers against which further precautions are 
necessary, 

Looking generally back at the dangers to which 
a cable laid has been exposed, we have first the 
development of minute faults of manufacture. A 
careful system of testing during manufacture has 
enabled the manufacturers to reduce these to a very 
small risk. Next we have chance of damage by 
anchors, met by heavier cables and deviations in the 
route of the cable round anchorages; but this 
difficulty, though one of the earliest encountered, 
is far from being entirely overcome. For anchorage 
by fishing vessels extends into a considerable 
depth of water, and has been found a formidable 
ditliculty on the coast of North America both by 
the Anglo-American and Direct United States Com- 
panies. Disturbances of the bottom have occurred 
where the cable has become sunk in the ground 
suddenly, and breaking in it, the broken part has been 
buried, This has occurred both in shallow and deep 
water. Cables have also frequently been found 
chafed through on rough ground in depths far 
greater than it was previously thought motion 
existed. Indeed these faults have occurred at such 
a depth in some cases—some 900 fathoms—that it 
has been suspected that a kind of spring of water 
must have existed, playing constantly on a short 
length of the cable. 

‘These dangers of ground can only be met by de- 
viations, as no surveying, however minute, could pos- 
sibly find them out, For instance, in the Persian 
Gulf, three months after the cable was laid, a section 
failed ; on grappling near the fault the cable broke, 
rather than come out of the ground, in about 15 
fathoms with a soft mud bottom, and 13 miles were 
found thus suddenly buried, though toa less extent, 
In the Bay of Biscay, in 1500 fathoms, a cable 
suddenly failed about two months after laying, and 
8 miles were found buried deeper, and deeper up to 
the fault, which was sunk beyond recovery. The 
cable was repaired and devidted, but not enough, for 
the next year the same thing occurred. It was 
further deviated and has since remained intact. 

But beyond the natural dangers of rocks, hard 
ground and edges, shifting mud, or vo'canoes, there 
exist the far more interesting faults caused by the 
attacks of marine life. The ‘Teredo has long been a 
subject of discussion, but it appears that it is only 
one of the many creatures which attempt to inter- 
rupt communication, and not unfrequently with 
success, As regards this insect and the barnacle, 
Mr. Mance made some interesting experiments in 
the Persian Gulf on some lengths of gutta-percha 
and india-rubber covered wire. Mr. Mance placed 
four specimens under water in Kurrachee Harbour. 
One of india-rubber (Hooper’s) core without ex- 
ternal wire, and one with external wires but with 
one wire left out; one of gutta-percha covered 


wire without external wire, and one the same but 
with external sheathing. On recovery after nearly 
ten months Mr. Mance thus describes the result : 


The core of the gutta-percha cable was riddled by borers, 
the conductor being eupenet in most cases ; there were pro- 
bably a hundred perforations in this piece, the teredo 
pon, Te approaching the core through the space caused by 
a missing guard. ; 

The length of bare gutta-percha core lying alongside the 
foregoing piece had but five borer holes in it ; it was other- 
wise uninjured, as the barnacles grow round gutta-percha 
core, adapting themselves to the form of the core without 
cutting into it to any dangerous extent. 

The piece of bare india-rubber core had not a single 
borer perforation, but was found to contain a number of 
very remarkable faults towards the end which had rested 
in shallow water. The rubber was notched as neatly and 
regularly as if the wong | had been done with a sharp knife, 
but in a few instances the piece of india-rubber was found 
remaining in the notch, the conductor being in nearly every 
ease exposed. In the neighbourhood of these faults the 
core was thickly covered with barnacles, and it is possible 
that these peculiar injuries have been caused by some 
marine animal feeding on the barnacles, which attach them- 
selves to the core, and which I understand are ily de- 
voured by fish. The barnacles adhere so tightly to india- 
rubber that it would be difficult for a marine animal to 
remove them without tearing away a portion of the rubber. 
Bare india-rubber core is more susceptible to injury from 
barnacles than bare gutta-percha. As the barnacle grows, 
the base of the shell cuts into the yielding rubber, a second 
shell attaches itself to the side of the first, the growth of 
the circumference proceeds towards the conductor, and 
eventually the sharp edge of one of the cluster reaches the 
copper wire. 

The piece of india-rubber cable tested perfect ; but on 
examination, after stripping off the guards, about a dozen 
marks were discovered showing that the borers had been 
at work. In no case, however, had the teredo succeeded in 
penetrating to the conductor. Many of the borers in the 
gutta-percha were still alive ; but not having been fortunate 
enough to secure a living specimen in the india-rubber, I 
am unable to say if the teredo were still at work at these 
marks. 

Briefly to sum up the results of the experiment : 


Gutta-percha or india-rubber core, without any covering, 
is not so liable to damage from borers as core partly protected 
by imperfect sheathing. Bare india-rubber core is liable to 
damage from barnacles to a greater extent than gutta- 
percha, in consequence of its yielding nature, but on the 
other hand, the teredo will attack bare gutta-percha and 
usually leave bare india-rubber untouched. 

Gutta-percha cable, the sheathing of which is much cor- 
roded or imperfect, so that the guards do not rest closely 
together, is utterly unfit for localities infested by the teredo. 

ut besides these there appears to be another 
enemy of a more vigorous nature, and which, un- 
like the borers, does not go slowly and steadily 
undermining his victim’s health, but makes a manly, 
straightforward attack on him, injuring him at one 
blow. This is the saw-fish. Cables on the coast 
of Brazil, and also between Penang and Singapore, 
have been thus attacked, Thus Mr. Warren, in 
speaking at the Society of Telegraph Engineers, 
and alluding to the faults in the cable of the 
Western Brazilian Company, near Para, says: 


There is one source of mischief to cables from marine life 
which I believe is a novelty, at least I am not aware of any 
similar instance being recorded. During the laying of the 
cable between Para and Cayenne, the cable was buoyed 
about thirty-five miles from Cayenne for the purpose of 
attaching a T-piece junction towards Demerara. When 
we proceeded the next day, after completing the section 
from Para to Cayenne, to form a junction to connect it with 
the Demerara cable, and picked up the buoyed end, we 
found the cable had gone down in insulation from a fault 
which, by tests, we localised to be about 126 miles from 
Para. e had to lift it for repairing, and within a length 
of thirty miles, we found no less than six faults, each of 
which contained f ents of a bony nature, which we 
supposed were ca‘ by the bite of some marine animal, 
as the teeth were left in thecable. As these faults appeared 
after the cable was laid, we could not explain how a fish 
could attack a cable in this way. We removed these faults, 
and the cable was then as good as ever. We went out 
there again at the banning of the present year (1875), 
when we found the cable faulty again in the same place, or 
about 129 miles from Para, and here we found two faults 
similar to the former ones, and produced by the same means 
and in the same way. Wesu uently had occasion to go 
to the same spot again in July, when we picked up three 
more faults within 150 miles of Para. In one fault there 
was found a very large piece of hard bony substance, 
about 1} in. in length, the in the cable measuri 
something like 1 in. round. e were at loss to accoun 
for these faults at first, or to identify the tooth or tusk- 
like instrament with that of any fish we had seen, but when 
we got to Demerara we had no hesitation in jattributing it 
to the teeth of the saw-fish, which exists plentifully in the 
water along the more northern portions of the Brazilian 
coast. Since last August another serious fault was localised 
about 130 miles from These fish are known to in- 
habit that portion of the water, and, do what we will to re- 
move the faults, they are sure to occur again. 

With regard to the fault in the Penang and Singa- 
pore cable, laid in 1870, and which broke down three 
months after it was laid, the fault was in 30 fathoms, 





222 miles from Singapore. 
Mr. Frank Buckland, to whom the piece of cable 





containing the fault had been handed, with the 
view of his detecting the nature of the enemy, gives 
the following opinion : 

I confess I was exceedingly puzzled with this most diffi. 
cult problem. The hole towards the spectator is = 
thirds larger then it is on the o ite side. If it had been 
an ordinary fish, such as a shark, there ought to have 
been the marks of a bite on both sides of the cable, namely, 
of atooth in both the lower and upper jaws. is wound, 
therefore, must of necessity have been made by a fish 
having but one tooth, and one tooth only ; but what fish is 
there that has only one tooth? For several weeks I kept 
the specimen on fny mantelpiece, and was constantly think- 
ing over the puzzle. At last one day I hit it off, allina 
minute. On ey ot pe my museum I observed with most 
intense interest a or saw of asawfish (Pristus anti- 

uorum), presented to me by Dr. Day, Inspector of Indian 

isheries, the fish having been taken in the Andaman 
Islands. ‘“‘ That’s the fellow,”’ I said to myself, ‘‘ that 
made the hole in Mr. Latimer Clark’s telegraph cable,” so, 
ling one of the teeth out of the beak of the sawfish, I 
Pp a spare portion of the telegraph cable on the table 
and struck the end of the tooth with a mallet, and imme- 
diately produced a wound almost, I may say exactly 
similar, to that found on the Penang telegraph cable. My 
theory is, therefore, very simple, and I think is correct, 
namely, that the perpetrator of the wound was a big saw- 
fish. The cable lay quiescent at the bottom of the sea, 
when one day a sawfish came by hunting for his dinner. 
The mode which the sawfish adopts to get his food is, I 
believe, by waving his saw horizontally right and left, and 
turning up the mud or sand in order to dislodge the delicate- 
bodied marine creatures on which he subsists. His teeth 
will tell us he cannot eat hard substances. When thus 
engaged in his submarine digging, the sawfish suddenly 
came across the telegraph cable. His beak getting en- 
tangled in it, he gave it an extra blow and a smash down- 
wards, and finally getting enraged, hit so hard that one of 
his teeth went between the outer wires through the hempen 
rope, and then through to the gutta-percha, injuring the 
wires. These various substances sschelily then held the 
tooth somewhat tightly. The fish then struggled and 
broke his tooth short off, leaving a bit of it actually em- 
bedded in the cable among the wires. 

Faults occur almost daily in telegraph cables. The 
telegraph companies keep the nature of these faults 
as much as possible secret for fear of depreciating 
the value of the —s shares. There cannot be 
a more short-sighted policy. The more the nature 
of the faults that occur is made known the more 
probable is it that cables will be designed which 
will guard against the repetition of such faults, and 
will protect the insulated wire against these natural 
enemies. 








THE IRON AND STEEL INSTITUTE. 

Tue Yorkshire iron-making district is one which, 
from the long period it has been established, as well 
as from the high character always borne by its 
products, possesses special interest for all engaged 
in our iron industries, and the choice of Leeds, 
as the place at which the autumn meeting of the 
Iron and Steel Institute should this year be’ held 
was therefore an excellent one. The meeting, which 
commenced on Monday last, promises to be most 
successful, On Monday the proceedings included 
only a meeting of the General Council and a 
formal — meeting for the election of members, 
&c,, and as far as the main body of the members 
are concerned, the om can only be said to 
have fairly started on Tuesday morning, when a 
meeting was held at the Civil Court of the Leeds 
Town Hall, under the presidency of Mr. Menelaus. 
The proceedings were opened by the Mayor of 
Leeds, who in a short address welcomed the mem- 
bers of the Institution to the town, and then it was 
announced by Mr. Menelaus that the Council had 
chosen Dr. C. W. Siemens to sueceed him as Presi- 
dent—an announcement which was warmly received. 
The formal motion for the election of Dr. Siemens 
was then a in a few very appropriate words 
by Mr. Hopkins, and this motion being duly se- 
conded and carried, Dr, Siemens briefly thanked the 
members for the action they had taken, and assured 
them that he would not be found wanting in zeal for 
the poe of the Institution. It was remarked 
by Mr. Hopkins upon proposing Dr, Siemens as 
President, that his acceptance of that office would 
be an honour to the Institution, and in saying this 
we think that he but expressed a very general feel- 
ing. Dr. Siemens has been for years associated not 
only with the most advanced metallurgical practice, 
but also with many researches and inventions con- 
nected with other branches of practical science, and 
this being so he cannot but be regarded as a most 
worthy successor of the able men who have preceded 
him in the presidential chair, 
Tue GEOLOGICAL FEATURES OF THE LEEDS DistRICT. 

The preliminary business over, the reading of the 


first paper was proceeded with, this being one on 
‘‘ The Geological. Features of the Neighbourhood of 
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Leeds,” by Professor Green, F.G.S., of the York- 
shire College of Science. The lower measures of 
the Yorkshire coalfield, the author stated, contain 
seams of small thickness, and but second - rate 
quality ; they are, however, turned to good account 
for local uses, and they contain, moreover, that 
valuable product gannister, which is found in them 
almost exclusively. Gannister is, as is well known, 
a highly silicious rock possessing great powers of 
resisting heat, and a bed of particularly good quality 
forms the seal stone of the seam known as the 
Halifax Hard or Gannister coal. Another feature 
of the Yorkshire and Derbyshire coalfields is the 
great band of sandstone known as the Elland Hag 
Rock, which furnishes excellent building material. 
A little above this come the Lowmoor and Bowling 
measures of coal and ironstone, the lower seam in 
these measures being the Belter Bed coal, varying 
from Qin. to 3 ft. thick, and accompanied by an 
under clay furnishing an excellent fireclay. This 
seam Of coal is of high quality and especially free from 
sulphur, A little higher is the Black Bed coal, this 
being a bed which, although useful as an engine 
coal, would yet scarcely be worked except for local 
consumption but for the overlying ironstone which 
accompanies it. As regards the ironstone measures, 
Professor Green stated that they could not be con- 
sidered rich ores, the average contents of metallic 
iron in all the seams being but about 30 per cent. 
Before smelting, the ironstone is exposed to the air 
in flat heaps and frequently turned so as to free it 
from any adhering shales, every care being taken to 
get it quite clean. 

The next seam above the Black Bed coal already 
mentioned, is the Beeston or Whinmoor coal, which 
in the neighbourhood of Leeds is as much as 6 ft. 
thick, but which is in some place separated by thin 
clay partings. Then some 90 yards higher comes 
the Middleton Main seam, which contains coal of 
good quality for both engine and household 
purposes, but which is of variable character in diffe- 
rent parts of the district. Passing oversome minor 
seams Professor Green next noticed the Haigh Moor 
coal, which contains an excellent house coal, and 
which is the principal seam of the district between 
Leeds, Pontefract, and Wakefield. Further south 
this coal merges into a mass fof shale, while further 
south still is the Swallow Wood coal, which Pro- 
fessor Green believes to be a separate deposit from 
the Haigh Moor, and which he anticipates will one 
day be found valuable, although so far it has been 
little worked. Slightly higher up comes the 
Barnsley coal seam, having a thickness of 10 ft. Pro- 
fessor Green also dealt in his paper with the Silk- 
stone seam, which he observes has within the past 
year been found at much greater depths than 
formerly, the new winnings giving good results, 

Altogether Professor Green regarded the York- 
shire coalfield as a comparatively virgin district. 
Few pits, he remarked, had been sunk to depths of 
over 300 yards, and he estimates that there is an 
area of at least forty square miles, from which not 
asingle ton of coal has yet been raised. In this 
district the lowest workable seam he anticipated 
will be found at a depth not exceeding 1000 yards. 

The discussion on Professor Green’s paper was 

opened by Mr. J. T. Smith, of Barrow, who ob- 
served that it would no doubt interest the meeting 
to know that the sinking which had been carried 
out to prove the coal at Worsborough had resulted 
in the discovery of three excellent seams of coal 
besides one of middling quality, the aggregate 
thickness being about 20ft. In fact it was now 
established that in the neighbourhood of Barnsley 
there were within a depth of 500 yards four seams 
which were practically unknown a year ago, these 
seams having an average thickness of about 5 ft. 
and an area of about 15,000 acres, 
_ The next speaker was Mr. E. A, Cowper, who in- 
inquired whether any member present could give 
precise information as to whether it was satisfactory 
to attempt to prove coal by boring; it being held 
by some that boring was of no use and that a shaft 
should be sunk. To this Mr. Alexander Brogden 
replied that by the use of the diamond drill and 
proper care, trustworthy information as to the 
quality of any seams of coal passed through could 
be obtained ; but while the quality of the coal could 
be thus ascertained it was more difficult to obtain 
precise information as to the thickness of the seams 
unless the boring was carried out very slowly when 
the coal was being traversed. After these remarks 
Mr. Menelaus announced that the discussion on the 
paper would be adjourned, and a vote of thanks 
was passed to Professor Green. 








Tae Norta LIncoLNsHIRE [Ron FIELD. 

The next paper read was one on “ The Froding- 
ham Iron Field, North Lincolnshire,” by Mr. George 
Dove, Jun., Frodingham, This paper, which we 
print ix extenso on another page, gives a good and 
succinct description of the progress which has been 
made in the development of the North Lincolnshire 
ironfield, and the ecunion upon it was opened by 
Mr. Daniel Adamson, who was early connected 
with the iron manufacture in that district. Mr, 
Adamson remarked that he could not agree with 
the author of the paper that the mishaps which 
attended the working of the North Lincolnshire 
furnaces in the earlier days arose from a want of 
knowledge of the character of the materials to be 
dealt with. It was, he said, well known that the 
ore ought to be carefully selected, but the power 
of carrying out this selection did not exist. In wet 
weather the ironstone and the limestone mixed with 
it in some places were almost undistinguishable 
after the ore had been tipped, and hence the selec- 
tion was difficulty, but it was well known that if 
the limestone was thrown out the ironstone could 
be worked without difficulty. Mr. Adamson also ob- 
jected to the statement made in the paper that in 
the close-topped furnaces using Durham coke the 
consumption was sometimes as low as 22 cwt. per 
ton of iron, This low consumption he said was 
attained not in furnaces smelting North Lincolnshire 
ore alone, but in those smelting a mixture of ores 
containing some 32 or 33 per cent. of metallic iron 
instead of the 22 per cent. existing in the North 
Lincolnshire stone, Commercially the smelting of 
North Lincolnshire ironstone was now very suc- 
cessful, As regarded the wet state of the ore, Mr. 
Adamson said that if a small admixture of South 
Yorkshire iron was used they could afford to spare 
some gas at the top of the furnace to dry the ore, 
In the Lincolnshire works, with which he was con- 
nected, they used no coal for firing boilers or stoves, 
the gas being sufficient, and with good selection of 
the ores he considered that North Lincolnshire 
could hold its own against Cleveland. As regarded 
the size of furnaces, Mr, Adamson remarked that 
when the North Lincolnshire iron field was first 
opened it was thought that small furnaces were best 
suited for the ore, and the earlier furnaces were 
built about 13 ft. in diameter at the boshes ; now, 
however, they were made larger, and he considered 
a diameter at the boshes of about 21 ft, or 22 ft. to 
be the right thing. 

Mr. I. Lowthian Bell, who spoke next, remarked 
the experience which had been gained at so much 
expense in North Lincolnshire, might have been 
equally well obtained in a far less costly manner. 
Very many years ago the French chemist, Berthier, 
had experimented upon the qualities of different 
classes of iron ores, and his experiments had shown 
that an ore containing such proportions of lime, &c., 
as that of North Lincolnshire, could only be smelted 
with great difficulty. As regards the relative ad- 
vantages of open and close-topped furnaces, to which 
allusion had been made in the paper, he observed 
that the closed top possessed no advantage beyond 
that resulting from the utilisation of what would 
otherwise be waste gases. In fact the original 
experience was against the closed top as regarded 
economy, but now with more extended practical 
experience better results were obtained. Mr. Bell 
did not agree with the hope held out in the paper, 
that the South Yorkshire coke might ultimately 
become equal to that from Durham. Analyses of 
coke, he remarked, could not be accepted as giving 
in all cases trustworthy information as to the rela- 
tive values of the material for smelting purposes ; 
in fact it was well known that a very pure coke was 
sometimes a less satisfactory fuel than other coke of 
an apparently lower quality. It was not sufficient 
that the coke should be pure, it should also possess 
certain mechanical properties, Mr. Bell also ques- 
tioned the advantage to be derived from taking off 
the gases 20 ft. from the top of the furnace, accord- 
ing to the plan which had been described in the 
paper. This, he said, seemed to him equivalent to 

ucing the height of the furnace. lt was quite 
true that, according to the plan described, only a 
portion of the gases was drawn off at this lower 
point, but just in proportion as these gases were 
drawn off, so was the efficiency of the furnace due 
to its height diminished. Remarking upon the 
selection of the North Lincolnshire ironstone, Mr. 
Bell added that from the analyses given in Mr. 
Dove’s paper, all the beds appeared to contain a 
large amount of phosphoric acid, with the exception 
of that marked J in Table A, while in conclusion 





he congratulated the North Lincolnshire iron manu- 
facturers for having at last obtained the knowledge 
which they ought to have obtained at first and at 
less expense, 

Next followed Mr, Bagnall, who observed that 
Mr. Bell’s remarks about close-topped furnaces 
were not consistent with the opinion he had ex- 
pressed at a previous meeting, when he had said 
that, apart from the utilisation of the gas, the close- 
topped system had the advantage of enabling the 
furnaces to be charged more regularly. In reply 
Mr, Bell observed that it was evidently dangerous 
to make a statement in the presence of a man with so 
retentive a memory as that possessed by Mr, Bag- 
nall, and he explained that the remarks he had 
made about the economy resulting from the utilisa- 
tion of the gas, were quite distinct from any ad- 
vantages derived from regular filling. 

Mr. Adamson, replying to Mr. Bell’s remarks, 
reiterated that the North Lincolnshire ironmasters 
did know the character of the materials with which 
they had to deal; but practically they were unable 
to carry out the selection considered desirable. On 
this Mr, Menelaus observed that the natural inquiry 
would arise why if the Lincolnshire ironmasters 
knew that selection of the ores was desirable they 
did not exercise that selection. The reply to this 
was that some of the makers have to accept ore as 
supplied by the lessor, the selection being thus under 
the control of the lessor, and not of the purchaser. 
Mr, Adamson commented very strongly on the 
manner in which the ore was supplied, and con- 
cluded by saying that the lessor took it for granted 
he could do what he liked, and, in fact, that ‘it 
might be expressed this way, ‘the earth is the 
Lords’ and the fulness thereof,’ except Frodingham, 
which belongs to Rowland Winn, Esq.” Mr. 
Adamson was succeeded by Mr. 8, T. Claye, who 
was also proceeding to speak somewhat warmly of 
the manner in which the supply of ore was furnished 
by the lessor, when he was interruped by the 
President, Mr. Menelaus, who quaintly observed 
that a facetious friend had just remarked to him, 
‘‘ Bear in mind that this is a ‘ civil’ court.” 

Mr. Riley, who spoke next, after remarking upon 
some ironstone found at Saxby, which he believed 
to be better than the Frodingham stone, referred to 
the ‘“‘diamond” iron which had been mentioned in 
the paper. This iron, he remarked, was singular, 
but a similar thing was met with sometimes in 
hematite pigs. He had paid considerable attention 
to this matter, and had found that the upper half 
of the pig of grey iron contained considerably more 
carbon than the lower part which was white; the 
analyses given in the paper he regarded with some 
doubt, Carbon, he observed, formed asort of gauge 
of the quality of iron, for iron containing a high 
percentage of carbon would contain less silicon and 
sulphur, He further remarked that at Messrs. J. 
Fowler and Co.’s works, which the members would 
have an opportunity of visiting, they would see the 
process of casting chilled ploughshares, and could 
notice in these castings the distinct separation of the 
white and grey iron. In the manufacture of these 
castings much Towlaw iron was used. 

Mr, E, A. Cowper remarked that it was stated in 
the paper, when speaking of the ‘ diamond” iron, 
that there was nothing in the composition to account 
for the result, but he pointed out that the analyses 
showed that there was a great difference in the 
amount of combined and uncombined carbon, the 
respective proportions of these two constituents 
being approximately reversed in the two portions. 

Mr, Dove in replying upon the discussion, dis- 
claimed any intention of waking any personal attack 
upon those connected with the early development of 
the North Lincolnshire district, but remarked that 
the n knowledge was not diffused through 
all those engaged in the work. As regards the 
relative advantages of the open and close-topped 
furnaces, that Mr, Howson, who was the engineer of 
the Lincolnshire Smelting Company's works, could 
probably give some data, as his furnaces, although 
originally made with open tops, had now closed tops, 
Referring to Mr. Bell’s remarks on coke, he observed 
that the analyses of the South Yorkshire coke were 
almost identical with those of Durham coke, but 
that in South Yorkshire the coke was not burnt so 
long as in Durham, and the material had mechanical 
imperfections. He believed, however, that the 

uality would ultimately beimproved. As regarded 
the plan of drawing off a portion of the gases from 
a blast furnace some considerable distance below 
the top, he remarked that the object of the arrange- 
ment was to obtain dry gas, but that there was a 
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difficulty in keeping the lower flues clean, and he did 
not believe that on the whole the plan was attended 
with any great advantage. Replying to Mr. Riley’s 
remarks respecting the analysis of ‘‘ diamond” iron 
given in the paper, he remarked that these analyses 
varied greatly in different samples. In reply to a 
question, too, he observed that calcined stone had 
been used in North Lincolnshire in the early days, 
but the result had not been satisfactory. With the 
great experience now available the result might 
be different. In conclusion he remarked that the 
admixture of Lincoln stone alluded to in the paper 
not only got over the difficulty due to the excess of 
lime in the North Lincolnshire stone but also saved 
fuel. 

Mr. Menelaus in bringing the discussion toa close 
remarked that he agreed with what Mr, Bell had said 
respecting open and close-topped furnaces. Under 
the same conditions he had never known a closed- 
top furnace to give better results than an open top. 
A vote of thanks to Mr. Dove was then passed and 
the discussion adjourned until the next meeting. 


TECHNICAL EDUCATION AND THE IRON TRADE. 


The third paper read was one by Mr. J. Jones, the 
secretary of the Institute, on ‘‘ Technical Educa- 
tion in connexion with the Iron Trade.” Mr. Jones’ 
paper is reprinted by us on page 253 of the present 
number, and from its perusal it will be seen that 
it raises the question whether the sum of 100,000/,, 
which the Commissioners of the International Ex- 
hibition of 1851 propose to expend in providing a 
scientific library at South Kensington, could not be 
more advantageously <a at least partially, 
in giving aid to provincial colleges and institutions, 
As will be seen from the paper, Mr. Jones makes 
out a very good case for the latter view of the ques- 
tion, and his opinions were generally shared by those 
who took part in the subsequent discussion. Mr. 
Menelaus in opening this discussion remarked that, 
however much the subject might be discussed out 
of doors, it would probably be ultimately settled in 
Parliament, and as there were several members pre- 
sent he would call upon them to express their views. 


day, these including the flax manufactories of 
Messrs. Marshall and Messrs. Hives and Tennant, 
the leather works of Messrs, W. Nickols and Co., 


the Commissioners to attend to the claims of local 
institutions, Some of the Commissioners;were very 
sincere in their endeavours to do what was best, and 
when the opinion of the country was fairly expressed 
he believed that the Commissioners would fall in 
with it. 
Mr, I. Lowthian Bell, M.P., who spoke next, did 
not a with Mr. Menelaus that the matter would 
be ultimately settled by Parliament. Lord Derby 
had, in fact, said that such matters were settled by 
the country at large. The fact that good general 
education is essential had already been insisted upon 
by Mr. Jones, and he thought Mr, Samuelson had 
overlooked this when making his remarks, In con. 
clusion Mr. Bell added that whatever might be the 
present state of our technical education he believed 
that as regarded iron making we were ahead of the 
world, 
The next speaker was Mr, Carbutt, who ex- 
pressed his indebtedness to Mr. Jones for his paper 
and the discussion to which it had given rise. He 
thought, however, that it was too bad to put all the 
blame upon the Commissioners of the 1851 Exhibi- 
tion, and directed attention to the fact that about 
one and a quarter millions had accumulated from 
the profits of the Patent Oifice, and that this ought 
to be available for assisting the spread of technical 
education. He together with Mr, Barran and others 
had been trying to get this brought about, and he 
thought the matter worthy of support. After a 
few observations from Mr. Tennant, M.P., another 
of the Leeds members, Mr. Menelaus observed that 
the reading of the paper had at least resulted in 
securing the support of four or five members of 
Parliament for the object in view. 
With this discussion the meeting of Tuesday was 
brought to an end, and the members adjourned to 
a luncheon which had been kindly provided by the 
Local Reception Committee at the}Town Hall, 
Luncheon over, the members distributed to visit the 
various works which had been thrown open for that 





In reply to this call Mr. Barran, one of the members 
for Leeds, gave some particulars of the Yorkshire 
College of Science established in that town some two 
years ago. The college included, he said, depart- 
ments for geology, physical science, engineering, 
chemistry, and biology, and there were now about 
300 students. Mr. Barran said that he fully be- 
lieved in the necessity of technical education in the 
manufacturing districts, and agreed with Mr, Jones 
that the fund which had been alluded to should be 
locally available, and not all be used in London, 
Technical training he considered was required not 
only for workmen who had to actually carry out 
manufacturing operations, but also for the sons of 
employers who had to superintend such operations, 
and whose ability to control works would be ma- 
terially increased by the possession of such know- 
ledge. The development of the nation he considered 
depended largely upon the proper training of the 
sons of rich men and not upon the education of the 
workmen alone. 

Mr. Samuelson, M.P., also expressed his agree- 
ment with the paper, and said that unless it could 
be shown that the country at large could be best 
benefited by the expenditure of the whole of the 
money i ““,ondion, the provinces should certainly 
have the. share. The management of the funds by 
the Commissioners, he remarked, had certainly not 
been good. The fund had grown, it was true, but 
this was owing to the South Keasington district, in 
which land had been purchased, becoming a fashion. 
able neighbourhood, and not from any efforts of the 
Commissioners. They had contributed largely to 
the Albert Hall, and had spent money in exhibitions, 
which had not fulfilled their intended purpose, and 
in buildings for these exhibitions, A portion of their 
land also was in the occupation of what was sup- 
posed to be a Horticultural Society, but whose 
grounds could be best described as an asylum for 
children and nursemaids. The éstublishment of 
local colleges he considered a good thing, but to get 
the full benefits of such institutions a better general 
education of the working masses would be required. 

Mr. Alexander Brogden, M.P., agreed with Mr. 
Samuelson as regarded the administration of the Com. 
missioners, but did not know exactly how they stood 
as regards the control of Parliament. The Horti- 
cultural Gardens he believed would ultimately turn 
out a good speculation, when out of their present 
hands, while he did not, like Mr, Samuelson, think 
that there would be such great difficulty in getting 
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Messrs. J. and J. Flitch, and Messrs. Wilson, 
Walker, and Co., the woollen cloth manufactor 
Messrs. Hargreaves and Nussey, and the clothing 
manufactory of Messrs. J. Barran and Son. The 
works of Messrs. Thwaites and Carbutt, of Brad- 
ford, have also been thrown open to the members 
each day of the week. 


are situated at Holbeck, and are of very considerable 
extent, being the largest of their kind in Leeds. 
The collective engine power of these works is about 
1200 horse power nominal, and the firm emp 

about 2000 hands. 
the main building however forms three sides of a 


covers two acres of land; it is only one story high, 
and is lighted by conical skylights in the roof. 


quite a pasturage, on which in fact sheep used 
formerly to luxuriate. The machines in this shed 


are driven by 


well-known Egyptian style formerly adopted b 
firm, which style also obtains in the entrance 


fittings, and in other parts of the establishment, 
Messrs, Marshall's works were established in 1788. 
The firm are flax spinners, thread makers, and linen 
manufacturers, spinning yarns varying from No. 4 
No. 200 from all qualities of flax. 
yarns are manufactured into linen cloth, whilst 
others are doubled for sewing thread. 


is situated in Park-row, Leeds. 
sive manufacturers of clothing, especially that for 


in full work, and keep more than 300 sewing 
machines going in the various departments, The 
cutting out is effected by means of band-knife 
machines, which are driven by steam power. 
this means the parts of clothing are cut in duplicate 
with rapidity and precision. 
layers thick for heavy winter goods, and 120 layers 
thick for light goods, has the pattern marked on 
the top piece. 
cutter around the b 
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Messrs. MARSHALL’s WORKS. 
Messrs. Marshall and Co.’s flax-spinning works 


lo 
The mills are irregularly placed, 


quare. Amongst other buildings is a ‘‘ shed” which 


On 


he outside of the roof grass flourishes, forming 


oP a of beam engines of 100 horse 
wer each, made by Messrs. Hick, of Bolton. The 
raming and entablature of these engines is in the 

that 
build. 
ng of the works as well as in the furniture, office 


Some of these 


Messrs. BARRAN AND Sons. 
The establishment of Messrs. J. Barran and Sons 
The firm are exten- 


uveniles, which they were the first in the provinces 
o introduce, ‘They employ over 1000 hands when 


By 
A pile of cloth, 35 


* Abstract of 


saw machine, and the parts are accurately repro. 
duced. They are then taken to the various depart- 
ments for being made up, labour-saving appliances 
being used whenever practicable. Amongst others 
are the new pressing machines, designed by the 
firm, This consists of a hollow iron, heated by gas 
and attached to a jointed lever worked bya e. 
The iron is thus lowered on to and raised from the 
work by the foot, the user having only to guide the 
iron over the surface of the woah, 





On Wednesday morning the proceedings were 
gaain commenced by a meeting at the Civil Court, at 
the Town Hall, and to commence with Mr, Menelaus 
proposed the following resolution, viz., that: ‘This 
‘meeting of the Iron and Steel Institute hereby 
“* request the Council to communicate with the Royal 
‘¢ Commissioners for the Exhibition of 1851, and to 
‘* impress upon them the desirability of applying the 
‘funds, at the disposal of the Commissioners, in such 
‘** manner as will afford the means of giving special 
“assistance to provincial science colleges and kindred 
‘‘ organisations, in preference to expending money 
‘exclusively upon London Institutions,” This reso. 
lution was duly seconded by Mr. Bell, and carried 
unanimously. 

Next the President read a letter which had been 
received from the proprietors of the Motala Works, 
Sweden, inviting the Iron and Steel Institute to 
hold their next year’s summer meeting in Sweden. 
The matter was submitted to the members and it 
was announced that their opinion on the matter 
would be taken at the next day’s meeting. The 
reading of papers was then proceeded with, two 
valuable communications—one ‘* On Welding Iron” 
by Mr, R. Howson, and the other “On Puddling in 
Ordinary and Rotary Furnaces” by Mr. Henry 
Kirk—being read and partially discussed. These 
papers we shall duly publish in exfenso, and we shall 
also next week give a summary of the discussion, 
our space not permitting us to do so this week. For 
the same reason we shall also have to postpone any 
notice of the various works visited on Wednesday 
and yesterday. 








PROTECTION OF BUILDINGS FROM 
LIGHTNING,* 
By Proressor CLERK MAXWELL. 
THE author stated that those who erected lightning con- 
ductors had paid great attention to the upper and lower 
extremities of the conductor—having a sharp point above 
the building and the lower extremity carried into the earth 
as far as possible. The effect was to tap, or, as it were, to 
gather the charge by facilitating the discharge between the 
at heric lation and the earth. That would 
umber of discharges than would have 





v a 
cause a greater n 


otherwise occurred ; but each of them would be smaller than 


those which would have occurred without a conductor. 
That arrangement was therefore more for the benefit of the 
surrounding country, and for the relief of the clouds 


labouring under an accumulation of electrictity, than for the 


protection of the building on which the conductor was 


erected. What was really wanted was to prevent the possi- 
bility of an electric discharge taking bee within a certain 
region. 

two bodies unless the difference of their 
sufficiently great compared with the distance 
If, therefore, they could keep the potentials of all bodies with- 
ina certain region equal or nearly equal, no discharge would 
take place between them. That might be secured by con- 
necting all these bodies by means of good conductors, such 
as copper wire ro 
surround a powder-mill with a conducting material, to 
sheath its roof, walls, and ground floor with a thick sheet 
of copper, and then no electrical effect could occur within 
it on account of any thunderstorm outside. There would be 
no need of any earth connexion. 
a layer of asphalte between the copper floor and the ground 
so as to insulate the building. If the mill were struck it 
would remain charged for some time, and a person standing 
on the ground outside or touching the wall might receive a 
shock, but no electrical effect would be perceived inside 
even by the most delicate electrometer. 
copper was by no means necessary in order to prevent any 
electrical effect taking place. 
struck by lightning, it was quite s 
network of a good conducting substance. 
copper wire were carried round the foundations of a house, 
up each of the corners and gables, and along the ridges, 
that would be a sufficient protection for an ordinary build- 
ing against any thunderstorm in this climate; but it might 
be well to prevent theft to have it built in the wall, and 
then it would be necessary to have it connected with some 
metal, such as lead or zinc, on the roof. 
be added, said the writer, that it is not advisable during a 
thunderstorm to stand on the roof of a house so pro 

or » stand on the ground outside, or to lean against the 
walls. 


d not occur between 
tentials was 
tween them. 


An electrical discharge co 


It would, therefore, be sufficient to 


They might even place 


A sheathing of 


sing a building were 
cient to enclose it with a 
For instance, ifa 
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It need scarcely 
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THE EXPLOSION ON BOARD THE 
THUNDERER, 
To THE EDITOR OF ENGINEERING. 

Srr,—I had hoped that the explanations with which I fur- 
nished your contemporary last week, of the effect resulti 
from the unequal ~ ey of cast iron and gun-metal, 
would have been sufficient to put the matter in an intel- 

igible form. It appears, however, from the remarks in 

Engmmeer at the end of my letter, that that journal 
has not yet comprehended the effect of a simple and well- 
known fact. 

Any one having a knowledge of the fact, that different 
-. possess different rates of expansion for the same in- 
crease of temperature, could have had no difficulty in 
understanding my meaning, and such knowl would 
have saved them from this statement, ‘‘ that the safety 
valve bushes of the Thunderer contracted on the valve 
wings, and the contraction was due to the contraction of 
the cast iron on the brass.” 

The construction of the cast-iron valve box at that part 
into which the valve seatings were fitted, was such as to 
prevent it from expanding to its natural extent. And 
further, the contraction in this case is not due alone to the 
difference in the expansion of the two metals, as it is 
enhanced by the much cooler temperature of the flange on 
the outside of the lower chamber, and also by that on the 
inside of the upper chamber. 

Besides these combinations the cooler temperature of the 
flanges of the seatings themselves, which are also on the 
exterior side of the lower chamber. would, no doubt, some- 
what assist in causing the reduction in the, diameter of the 
seatings. Tomake the matter still more clear I would ask, 
why are all the seatings, more or less, reduced in diameter 
at the point where they are bound in the cast iron, and which 
reduction amounts, in some of them, to .00778 in., or s?7th 
part of an inch (I hope these figures will not be blundered 
over by The Engineer) ; and can the brilliant writer in that 
journal explain why it was that the first valve experimented 
upon, after yielding to a pressureof 47 lb., 444 lb., and 
52 Ib. (the first, second, and third time the chamber was 
heated), refused to open with 60 lb. onthe fourth and fifth 
time, and only yielded to a pressure of 47 lb. the sixth time 
after shaking the top end of the valve spindle to and fro, 
the cap being off all the time the pressure was being raised 
from 13 Ib. ? And, moreover, during the whole time the last 
two experiments lasted the steam pressure was continued, 
by what means the flanges of both chambers had become 
pretty uniformly heated? Could there be any doubt as to 
whether the valve had permanently increased in diameter 
during these experiments, or whether the seating had 
become more contracted or “crept in” from the causes 
which I have mentioned ? 

The Engineer says next, ‘If they were so slack that 
they could be put in by hand without driving, how comes 
it that the cast iron could seize them with a grip so power- 
ful as to bring about the stated contraction,’”’ &c. 

I think the writer may gradually discover that ‘“‘ the 
difficulties which present themselves to most engineers,” 
exist only in his own imagination ; but I can easi oar i 
stand that many of his readers found a temporary difficulty 
in his method of stating (I think for the third time) that 
.003 in. is equal to séscth part, which error I had at first 
charitably attributed to a compositor’s stupidity. What I 
said was, that ‘‘ All that is required is a good fit (which 
differs materially from the term so slack), that is, a fit such 
as would enable the fitter to get them into their places b 
gentle tapping (not driving), generally performed by a small 
wooden mallet, or hand-hammer shaft. 

I must take the present opportunity of replying to one or 
two remarks, which appea’ in a joint letter of two 
of The Engineer’s “ scientific’ correspondents, viz., 
‘* Whether in steam boilers the valve-seat goes on u- 
ally getter smaller and smaller, we leave to more compe- 
tent judges the responsibility of determining. But the 
outer world, we fear, will conclude that if a safety valve- 
seat gets smaller and smaller each time it is heated and 
cooled, it will in the course of time disappear altogether.’’ 
What the ‘‘ owter world” may think of so “‘scientific”’ a state- 
ment me well be left to their common sense. But these 
“scientific ’’ correspondents could hardly be aware that they 
contradicted themselves in the followi 
to this effect : “‘ No doubt a brass bush driven tight into an 
iron block will, when heated, virtually suffer compression 
from the different rates of expansion of the iron and brass,” 


sentence, which is 


c. 

For the information of these two scientific gentlemen, I 
may say that there is, as ost every engineer knows, a 
limit to the contraction of the gun-metal ; and that limit is 
exactly the difference between the expansion of the one 
metal and the other, supposing the conditions as to tem- 
perature and uniformity of proportion are the same, and 
also that the higher the temperature to which the metals 
are exposed, the greater would be the permanent con- 
Unlike imaginary 

ike the ‘‘ scientific’ correspondents’ imagi safe 
valve seat, my letter has not been contracted to nies 
which have grown “ small by degrees and beautifully less ;’’ 
and I regret that after your contemporary’s invitation my 
oe sapuaetions A. not per of sufficient con- 
juring to enable me to e it ‘‘disappear altogether,’’ 

as I now wish to do from this discussion. , 

I am, Sir, your obedient servant, 
1 DANIEL PHILLIPs. 
23, Montpelier-square. 








SAFETY VALVE CONSTRUCTION. 
To ae 4 mys my ot 
£ i ind that 
ps ng bene ig more or less directl ly upon the ave a 
n, in some degree unexplored, and I would 
e this occasion to express that many official "rales 


Srr,—It 


concerning safety valves are utterly insufficient for the 
end in view. 

About nine months T had a co with the 
Board of Trade on safety valve construction = and 
particularly on the absurdity of insisting that valves be 
made in area equal to one- square inch for each square 
foot of firegrate. An attempt was made on that occasion 
to cover over the inconsistency by another rule which says, 
‘*That the sticking tendency of valves varies as the 
meter, while the safety property varies as the square of 
the diameter.’’ It will be seen before I am done that this 
is what may be called hiding one error in the shadow of 
another. 

The recent action of the Board of Trade which insists 
that valves are to be at least 3 in. in diameter, irrespec 
of firegrate, seems to be based on the rule, ‘‘ That the safety 
ray varies as the square of the diameter.” 

ow, Mr. Editor, if you consider the rule in relation to 
the safety valves, which were the cause of the explosion on 
board the Thunderer, you will at once perceive that the 
rule referred to requires to be exactly revi , and then it 
bee verhot the poh the d 
way, safety property varies as iameter, 
while the sticking tendency varies as the square of the 
diameter. 

Had the Thunderer’s safety valves been less in diameter 
the wings would have expanded less, and the seats contracted 
less, and thus the safety oy would have been in con- 
formity with the reversed rule. 

It is much to be desired that, ere long, the full and 
exact origin of rules, which give in practice such outrageous 
results, may be brought out, so that we may see whether 
or not the rule maker is entitled to entertain such exalted 
notions of the immense superiority of ‘‘ his own judgment.” 

In conclusion I wish it to be distinctly understood that 
these strictures on the Board of Trade vaes do not proceed 
from a feeling of hostility, but are prompted by a high sense 
of their importance. 

Yours respectfully, 
GEORGE COCKBURN. 

4, Towers-street, Paisley-road, Glasgow. 


THE BERLIN KINEMATIC MODELS. 
To THE EprTor oF ENGINEERING. 

S1r,—Referring to the paper of Professor Kennedy, read 
at the Collection of Scientific Apparatus in South Ken- 
sington, allow me to add that among the models exhibited 
by the Royal Polytechnic Academy there are about thirty, 
which are not executed in the workshops of the academy. 

Shortly after Professor Reuleaux published his ‘‘ Theo- 
retische Kinematik,’’ he was begged from various sides to 
make his excellent collection accessible also for larger circles. 

In consequence of this Professor Reuleaux gave the per- 
mission to the private firm, Messrs. Hoff and Voigt, 25, 
Brandenburg Hr., Berlin, to construct after his own draw- 
ings and sketches kinematic models, as used for the work- 
shops of the academy. 

ere are, as said, about thirty models executed by the 
above-mentioned firm, among the models of the ys 
and this small number deserves to be mentioned specially, 
as they represent remarkable improvements made by Pro- 
fessor Reuleaux during the long years kinematics formed 
the subject of his lectures. 

Nearly all German and also several Russian and Italian 
schools, where the new system of kinematics of machinery 
have been lately introduced, have been supplied by the 
same firm with kinematic models, whieh are con- 
structed exactly according to the ‘‘ Kinematics of Ma- 
chinery.”’ 

I may mention also that similar models are exhibited by 
the Royal Academy of Mines of Berlin, and are to be found 
in the Exhibition of Scientific Apparatus in the room for 
applied mechanics. They were executed in the workshop of 
this academy. 

Eight or ten models, sent by Messrs. Bock and Handrick, 
belong to the Polytechnic School at Dresden. They are 
exhibited so that they can be easily compared with the 
Berlin collection by any one who is interested in the matter. 

I am, Sir, yours faithfully, 
W. KrRcHner, 

South Kensington Museum (German Office), 

September 18, 1876. 











STOBCROSS DOCKS. 
To THE EpIToR oF ENGINEERING. 
Srr,—Referring to your report of the paper I read before 
the British Association, 241 of your issue of 15th inst., 
I beg to point out a si , but at same time an important 
error on the tenth line, where the word ‘‘ unable’ should 
read ‘able ;’’ this correetion is necessary to bring out the 


sense of the text. 
Yours faithfully, 
AMES DEAS. 
Glasgow, September 19, 1876. 





“RAILWAYS AND THE PICTURESQUE.” 
To THz EpITorR OF ENGINEERING. 

Srr,—The perusal of an article in the Builder entitled 
** Railways and the an has led me to write some 
remarks on the principles of constructive and decorative 
design, as well as to offer a few remarks on the article 
itself, for whilst ing with the writer in his gen 
conclusions res the effects of railways on scenery, I 
cannot but wholly dissent from what appear to me most 
pernicious views on the desjgn of individuai structures. 

The general principles involved in architectural and en- 
gineering structures are identical, and I will proceed to 
point out some of the most important. 


Before any constructive work can be truly beautiful it is 
necessary that its construction be fitted for the intended 





purpose. No superfluous members should appear, and the 





tive | factured 


It would require to be read in this | will be 


quantity of material should in every case be accurately 
proportioned to the stress brought upon it, so that in no 

may the material be either redundant or deficient. It 
is best to leave the supporting members apparent, when it 
is possible to do so, but a knowledge of their existence goes 
far to take away the ill effects of concealment. Thus an 
ordinary flat ceiling arouses no unpleasant sensations be- 
cause it is known be supported from above, whilst pen- 
dent vaulting is almost universally said to give the im- 
pression of imminent r to the spectator who is ordi- 
narily unacquainted with its construction. 

Elegance is perfect construction not hampered by abnormal 
utilitarian conditions. For certain purposes it is impos- 
sible to construct elegantly, and frequently the use of manu- 
_— | forms for pecuniary saving will militate against the 

st design. 

Decoration is a difficult subject to reduce to law, but it 
may safely be affirmed that it should ever be subservient to 
construction, and that it should never be employed as a 
counterfeit, or so asto hide the members of the structure. 
Like music and poetry, decoration must possess rhythm, or it 
i an unmeaning jargon, and on the other hand the 
same strains must not be repeated too often, or the com- 
position will be dull and monotonous. This is a fault fre- 
quently to be observed in classical buildings, where each small 
piece of the work is eminently beautiful. Decoration, unlike 
construction, but in like music, admits of infinite variety 
under the same conditions ; a melody anda re mg beautiful 
enough at first, become wearisome and positively repulsive 
from constant repetition. — affords the greatest 

leasure on first acquaintance, the more studied compositions 
increase their fascination by bringing fresh beauties to the 
light with increasing acquaintance. Emphasising different 
parts conceived by the designer to be most important, can- 
not be justified in a perfect structure, it is a — of 
vulgarity, and does not occur in natural objects which are 
considered beautiful. Sometimes however the designer may 
be obliged from economical considerations to use manufac- 
tured forms for parts of structures, and as much of these 
as is necessarily redundant may legitimately be kept in the 
background ; thus it may be said emphasising the working 
parts, but more accurately subduing the non-working. 

When decoration is applied in relief, care must be taken 
that it may not be confounded with the construction, and 
it must always be borne in mind en construction 
should be enriched, and not bad concealed by decoration. 

As nature has employed skin to cover the bones of 
animals, so may a veneer or skin of a superior or stronger 
material be legitimately used in construction, provided that 
it is made clear that its object is economy of material, pro- 
tection, strength, or durability, and not counterfeit—in- 
stances of its use in this sense are paint on ironwork. 
Plastering when coloured or ornamented with fresco or in 
some distinctive manner, and even the plating of strong 
metals with those not liable to corrosion, would seem 
perfectly justified were it possible to prevent the use of the 
compound articles as pretentious shams. 

No excuse can be made for wooden lintels painted and 
speckled to imitate granite, slate enamelled to imitate 
marble, ining on wood, rusticated plastering, and the 
like ; if the use of the inferior material is dictated by 
— it should be used openly, and its character left 
apparent. 

astly, it must be clearly kept in view that whilst beauty 
in decoration will meet with some appreciation from the 
vulgar eye, it is notso with beauty in construction, in which 
study is the only path to knowledge or tion ; both 
these attained criticisms are not cult, but the most bril- 
liant oratory is lost to one who does not understand the lan- 
guage employed by the orator. 

It is upon the p ing laws as a basis that I propose to 
make my remarks upon the article first alluded to. 

ilway bridges come in for the most severe criticism 
from the writer. When of stone or timber (the latter 
being most desirable) they should be rugged, expressive, 
built, for endurance and strength beyond everything, not 
pilastered, devoid of parapets, and above all ‘‘ peetavenaee a4 
although a leader in the Builder a short time since, if 
I mistake not, protested against building for a ay eat 
effect, and argued that time should be allowed to have its 
natural effect. Next we on to iron, and here the 


material being ‘‘ artificial,” the writer says all the pre- 
vious principles advocated should be discarded, and tho 
work ipscialiy designed for effect. Some ef ‘ples of 


ood and ill effect are adduced, and a novel ax ~iment in 

vour of the use of timber is raised. Stations-dome next, 
some remarks are offered on the design of terminal offices, 
anda Ve mage site for a station is said to be the top 
of a lofty embankment! Lack of strength in a) ce 
is said to be a eho y in the design of stations and 
signal boxes. A 2 in the midst of these opinions 
shows that perfect design and ‘‘feeling’’ can only be ob- 
tained by architects and not engineers, whose apprentice- 
ship culture only makes them boors ; and a foot-note 
complains of the lack of distinctive treatment in regard 
to the design of over and under bridges. 

Now in answer to these assertions to begin with. The 
first purpose of a railway bridge is to carry the traffic. 
Economical or structural reasons may dictate a de to 
be from time to time renewed, and in all cases the “m4 
should be strong enough for its but not wastefully 
so; its lines must be true, and accurate, so that 


ts fitti 
we dis of “endurance and erent beyond every- 
eral thing” (however desirable in hy ty ,,and also rugged 


ness as features in a railway . Pilasters are fre- 
quently used as buttresses, and what would the public say 
to an over bridge without parapets? As to ressiveness 
and picturesque appearance, designs on this principle seem 
obviously wrong, nor are they necessarily adapted to their 


Or oe ‘ 
© good reasons can be given for the absurd distinction 
between natural and artificial materials as used in struc- 





tures ; in no case are materials used as they are found in 
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nature without aqygention, unless it be in rustic seats, 
_— - ; e - § and the br mapter ren hay nature 
an tment of materials prepared by cutting or dressing 
and melting is not to be maintained. As to the ugliness of 
iron bridges, Later y aw d the Grecian temples and the Gothic 
cathed: would look very ugly in some persons’ eyes were 
they stripped of all ornament and built perfectly plainly, 
no constructed decoration or decorated construction ap- 
parent, and this notwithstanding the fact that they are 
stone and not iron. To follow our notes. Timber has been 
almost universally discarded by engineers for permanent 
bridges ; they have found it to be less trustworthy than 
iron and far less fitted for making large trusses ; the warn- 
ing timber gives is quite imaginary; costly and constant 
examination alone can secure immunity from danger. It 
seems strange that a writer should harp on the strength 
and endurance necessary to be expressed in railway stations 
as well as other structures and then rejoice at their neces- 
sarily ephemeral character ; it is also s' than an in- 
accessible embankment, for 14 to 1 is not a first-class road 
it will be admitted, should be considered a good site for a 
station. It is not apparent either why a signal-box should 
be constructed like an Eddystone lighthouse, but we can- 
not evidently be expected to understand these things, for 
are we not told the story of the eminent architect whose 
light within would have enabled him to convert a viaduct 
into a work of art, and of the jealousy of engineers who 
have not the light within, but who are happily able, generally 
to rely with some on the powers of darkness to 
pa heir structures up and who know, the foot-note not- 
withstanding, that the difference between the work an 
arched under bri to do is not so materially different 
from the over one, seeing that in both the dead load 
plays far the most important part? Bad as some of our 
engineering designs ray Apa L are—we may almost say 
of engineers relativel architects, as Mr. Gladstone has 
of the Bourbons and the Turks, “‘ that it would be a sin to 
compare them,” 

I selected the article on ‘‘ Railways and the Picturesque”’ 
for criticism, as a fair sample of architects’ views on engi- 
neering matters. Much pernicious “information’’ is dis- 
seminated in the columns of the building pa: relative to 
engineering matters, and amenget Se considerable number 
of readers which these papers obtain it is calculated to have 
its full effect. Recent articles on ‘‘ Public Safety,” and 
on ‘‘ The Fall of an Arch on the Metropclitan Extension,”’ 
“a give some idea of the style. 


descriptions of the many station buildings continually 
being am = 9 and illustrations and details of these, as 
well as of ordinary masonry and brick , occasio 


appeared amongst pages, I am sure you would largely 
increase your aude of exiinnm. end eeu che assist 
i in i ing the details of their buildings to suit 


engineers in impro 

the requirements may even yet teach archi- 
tects their construction as well in small as in struc- 
tures, instead of the reverse, ing to the pi ue 
gentloman’s notions. The nicety of investigation employed 
already, and its results on the iron in 


Europe, in America, and the Indian Empire, which would have 








fig .2. 


been deemed incredible forty years ago, have been attained 
only by keeping steadily in view the first principle men- 
tioned—the adaptation of the structure to its purpose. 
Copying the whole or parts of old works, as far as the skill 
of the architect admits, fitting up excerpts ther to make 
an a whole, and by Ay eexy of old ——_ 
are artistically on a par wi ai copying int- 
ings, or the ‘‘restoration’’ of old masters, and will not 
much longer be called art, architecture, or engineering. 

Apologising for this lengthy intrusion on your space, 

I am Sir, your obedient servant, 
EXCELSIOR. 
September 6, 1876. 





FOREIGN AND COLONIAL NOTES. 
Rolling Stock on the Chicago and North Western.—The 
rolling stock on the Chicago and North-Western Railroad 
system, which embraces 1992 miles of line, comprised at the 
close of May, 1876, 342 locomotives and 8200 cars. Only 
Jos locomotives were completely rebuilt by the company 
ast year. 


Tasmanian Main Line Railway.—Engineers appointed 
by the Tasmanian Government have finished their inspection 
of the Tasmanian Main Line Railway. 

French Ironstone Imports.—The Committee of French 
Forgemasters report that the imports of ironstone into 
France in the first six months of this year were 414,625 tons, 
showing a diminution of 35,000 tons as compared with the 
corresponding period of 1875. The imports of ironstone 
from ia to June 30 this r were 188,000 tons, as 
compared with 202,000 tons in the corresponding period of 
1875; those from Spain were 76,000 tons in the first half 
of this year, as compared with 96,000 tons in the corre- 
sponding period of 1875. 


American Steam Navigation.—The fifth annual meeting 
of the American National Board of Steam Navigation was 
held at Baltimore, September 5. Matters affecting the 
steam shipping interest of the whole of the United States 
were di Since the organisation of the Board in 
1872, it has been actively at work with the view of securing 
such legislation by Congress as will serve the interests in- 
volved and protect the pro) rights of shippers and the 
lives of passengers. e has held its annual sittings 
: a years at Philadelphia, at Buffalo, and at New 

ork. 


Tasmanian Iron.—The British and Tasmanian Charcoal 
Iron Com has formally inaugurated smelting works at 


Lempriére. works are ent of Mr. 
R. Scott, and they are connected with ironstone mines by 
a railway 44 miles in | .. The iron deposits are 40 


chains in length and 30 ¢ in breadth, the railway 
running close up. His Excellency the Governor of Tas- 
mania recently visited the company’s works and mines. 


South Australian Railways.—Efforts are being made to 
secure the construction of a branch of the Northern Rail- 
way of South Australia from Saddleworth to Clare. 








SHIPS’ DAVITS. 

Tue accompanying illustration shows the arrangement 
of boat davits adopted on board the vessels of the 
American Steam Ship Company. The davits a are of 
round iron bent to the form shown, and hinged to brackets 
6 on the deck. Each davit passes through a slot in a 
horizontal guide c, attached to suitable standards, and 
connected with the handrail of the ship. The boat is slung 
from eyes in the head of the davits by suitable tackle, and 
is supported upon the standards by blocks d. These blocks 


Fig... 

















are hinged to the standards, and the davits are kept in the 
ordinary position by a key and pin passing through the 
slot. When it is desired to lower a boat the pin and key 
are removed, the supporting blocks thrown over on their 
hinges, and the davits fall forward, throwing the boat clear 
of the ship’s side. It can then be lowered by the tackle. 
The drawing also shows the form and position on board of 
the sheet-iron rafts which these vessels all carry. 


Matta.—The Royal Artillery have been e in 
landing and raising some eae patos and frames in Malta. 
The of these weighed 20 tons, and was 20 ft. long 
and 10ft. high. These plates are nag Pp in St. 
Lazarus Bastion, and at the salient St. Gregory 5 

San 








Bastion, and they are to protect two 38 ton s inten 
to form the armament of theseforts. Forts at Sliema, 


Rocco, and Bengemma are completed, and are awaiting their 


armament. 
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ON WELDING IRON.* 
By Mr. Ricuarp Howson, Middlesbrough. 

THERE are, doubtless, some here present to whom the 
views contained in the following remarks are familiar, and 
perhaps, some who may consider them self-evident and 
raperduous Nevertheless, I believe them to be not un- 

for, inasmuch as their object is to combat a mis- 
apprehension commo current at the present time 

ing the nature of puddled iron. This misapprehen- 
sion is, t a bar or plate, made out of seve’ ae 
welded together, is not so as one made out of a bloom 
formed from a single pud ball. 

It is said that an impending in the manufacture 
of finished iron is inevitable—machi must take the 
place of handwork. There are sound reasons for — 
that this opinion is likely to be verified, but along wit 
these there are other unsound ones which lead to false con- 
clusions. 

‘We oe wn hear the remark that in order to compete 

with steel, we must have homogeneous iron, meaning 
thereby iron rolled from a bloom made out of a single 
puddled ball—that iron must be puddled in large masses, 
that it must be balled up in one mass, and not divided in 
the furnace into separate balls, that the larger the ball the 
better—15 cwt., 20 cwt., and even 30 cwt. being thought 
not extravagant, that the — of piling must be 
— that piling means welding, and that welding is a 
mistake. 
_ Now, my object is to point out, in the first place, that 
iron rolled from a single puddled ball is not homogeneous ; 
2nd, that, within certain limits, the larger the mass the 
more heterogeneous the iron is likely to be; and 3rd, that 
the system of welding is not so bad as is supposed, but, on 
the contrary, has its advantages, if properly carried out. 

By way of parenthesis, I may here state that the term 
** homogeneous”’ can only be strictly applied to iron which 
has been melted, or mild cast steel containing a low per- 
centage of carbon. Mr. Howell, of Sheffield, who was one 
of the earliest workers in this field, has furnished me with 
a sample of such metal, and Messrs. Vickers, Sons, and 
Co. with another. They are both beautiful materials, 
naaly as low in carbon as ordinary wrought iron. Both 
are ductile in an extreme degree, capable of even i 4 
rivetted cold. In tensional strength, they are not so hig 
as steel, varying from 27 to 36 tons per square inch, accord- 
ing to the amount of carbon they contain. 

One of these specimens has been hammered, and the other 
rolled, and one face of both of them has been polished and 
treated with acid, in order to exhibit the structure. When 
compared with the face of ordinary puddled iron similarly 
treated, the distinction is at once seen. They show no 
fibre or lamination. On the other hand, here is a piece of 
Cleveland bar of good quality. The fibres stand ont like 
whip-cord ; and here is a piece of Low Moor cable iron, 
which, to a minor extent, presents the same ribbed condition. 
They are in fact, anything but homogeneous. It must not, 
however, be imagined that they are weak in proportion to 
the appearance which the acid has im to 
them. The tensile strength of the Cleveland bar is 27 tons 
per square inch, while the Low Moor is little, if any, 
inferior to the average of the two homogeneous samples. 

To return to the subject. I have herea piece of ordinary 
puddled ball. It has been cut in two, and the section 
polished. Its entire mass consists of a number of nuclei of 
tolerably pure wrought iron, interlaced with cinder, or 
with cavities which have once been filled with cinder in a 
liquid state. Such a ball, when compressed under the 
I er or squeezer, becomes, by the uniting together of 
its nuclei, a more or less solid mass of iron. The greater 
portion of the cinder is expelled, permitting metallic 
contact at a greater number of points and over a larger 
area, 


We thus see that the term “‘ homogeneous’’ is not applic- 
able to a bloom obtained in this way. It is as essentially a 
process of welding, as is that of a mass of hammered scrap 
iron. 

Such being the case, we cannot fail to conclude that the 
more perfectly the cinder is expelled the nearer we shall 
a to homogeneity, and we have to consider what is 
the best way of getting rid of it. Of course, machinery 
and skilful manipulation must always play an important 
= in the operation ; but leaving these out of the question 

or the present, it is of no less consequence to ascertain 
how far the influence of mass or size affects the desired end. 

It is evident that whichever of the known systems we 
adopt, either the slow squeezer or the rapid blow, the 

rthe mass the less chance there is of obtaining through- 
out a uniform stracture. There will always, under all 
conditions, be more cinder towards the inside of the bloom 
than towards the outside, and the larger the bloom, the 
greater will be the inequality. A long bar rolled from a 
single bloom must inevitably be more hete eous in 
structure—more subject to flaws, when it is large than 
when it is of smaller dimensions. This is the rational view 
of the case, and I confidently appeal for its confirmation 
to the experience of those whose efforts have been directed 
to the production of a high class of manufacture. It is 
certain that machine puddling helps towards the attain- 
ment of success in dealing with large masses, but good 
puddling is a distinct operation which stands on its own 
merits. I have shown that in all cases the process is one 
of welding, and if freedom from flaws is desired, it is a 
mistake to suppose that the employment of puddled balls 
of gigantic size tends to that object. 

Let us now inquire what welding means, and what are 
the conditions for securing efficiency and soundness. There 
is the more necessity for this, as a somewhat common mis- 
conception exists as to its real nature. It has even been 
spoken of in this Institute with some degree of contempt, 
as a mere glueing together of the particles of iron with a 


* Paper read at th ds i 
insti en at the Leeds Meeting of the Iron and Steel 





film of cinder. It can easily be shown that such a view is 


founded on an entire hension of the 4 
When we bend 0 pless of iron, or streteh it, or twist it, 
or compress it, we i a certain amount of resistance 
to motion. It requires a considerable force to compel the 
molecules to change their relative position within the limit 
of elasticity, and still more to change it 


fixed distance apart, which is unalterable except by the 
exertion of a force greater than itself. If, on the other 
hand, the iron were rendered us, the atoms would 
become perfectly mobile and self-repellent. When it is in 
a liquid state, the condition is neutral, and when it is 
viscous the attraction, to a certain extent, predominates. 
It is this attraction which effects the welding, and during 
the process it will inevitably expel any in ing liquid 
su ce, which is less viscous than itself, provided the 
liquid has a chance of escaping. 

two globules of mercury, immersed in water, or even a 
more dense fluid, are made to approach each other, they 

i ily unite on a slight concussion. soon as the 
metal comes within atomic distance, the fluid is expelled, 
and the weld is perfect. If the globules are covered with 
a film of oxide or dust, it becomes more difficult to obtain 
metallic contact, and the globules rebound instead of 
uniting. This leads us toa fair conception of what welding 
means. 

It is the common boast of a good smith that he can unite 
two pieces of iron so firmly as to give way in any other part 
rather than the joint. Here is a sample of a bar which has 
been welded in the middle. Under a strain of nineteen 
tons it has given way, but not at the weld, and we may be 
sure that this could never be the case if welding were only 
a process of glueing. In reality, the splice ought to be the 
strongest part of the bar, because, in addition to joining, 
the process is also one of doubling and re-drawing. 

As regards the means of obtaining complete metallic con- 
tact, the skill of the workman has to be exercised—l1st, in 
heating the iron sufficiently ; 2nd, in protecting the sur- 
faces from oxidation by means of a flux; 3rd, in formi 
the surfaces in such a way that the flux has a means o 
escape when the ends are closed up under the hammer. 
The natural flux is, of course, the oxide of iron which forms 
during the process of heating; but this of itself is of an 
infusible character, anda welding heat not being a melting 
heat, it is liable to resist union by its very ess. The 
workman, therefore, assists the fusibility of the oxide by 
the addition of a silicious sand. The office of silica in the 
operation is thus twofold ; it unites with the oxide to form 
a glass which is fusible at a comparatively low temperature. 
The glass overflows the heated part and protects it from 
further oxidation, while its fluidity enables it to be more 
easily expelled when the union takes place. 

It is often remarked that silica is the 4 enemy of 
iron, and when present in excess this is certainly the case, 
because then its own infusibility comes into play. When 
used with judgment and in the pro proportions, it is 
indispensable as a means of obtaining the requisite condition 
of fluidity. There are certainly better fluxes than silica, 
as for instance borax, and a mixture of silica and alumina 
is better than silica alone. The flux commonly used in 
Sheffield for welding cast stecl is a dried brick clay, a 
sample of which, as analysed by Mr. N. Samuelson, con- 


Per cent. 
Silica ... a eee 58.50 
Alumina ose eco uot sa ray, $2.95 
Peroxide of iron... tee Bm ses 4.65 
Lime ... ob ae eee ses ide 3.25 
Magnesia ... an ove as oe 0.54 
99.89 


The essentials of a good flux are in all cases a readiness 
to combine with the oxide of iron, and fusibility at com- 
paratively low temperatures when so combined. We thus 
see that although much silicon in pig iron is undesirable in 
the puddling process a certain quantity is enters. te 
and even necessary, while it plays a most important part 
in the subsequent processes. Even in the thinnest film it 
performs its office, and when iron is worked over and over 
again, it is still present, constantly diluting and constantly 
permitting closer and closer metallic contact. 

When we trace the action of this basic silicate in some 
operations, we meet with results which are really extra- 
ordinary. I have here a small = of a large armour 

late, kindly furnished by Mr. Ellis, of the Atlas Works, 
Bheffield. he plate, when finished, measured 14 ft. 16in. 
x5 ft. 4in. x2 ft., and weighed 31 tons. In order to show 
the amount of welding which took place in the manufacture 
of this plate, let me observe that the whole is made out 
of puddled balls weighing a little over 1 ewt. each, while 
évery puddled ball consists of thousands of metallic 
globules originally not than peas. The puddled bars 
made from these are cut, piled, and re-rolled; and the 
sgn of piling and re-rolling is repeated up to six times. 

e thus arrive at the somewhat astonishing fact that the 
entire mass consists of not less than 11,448 distinct laminz, 
and that each inch contains 528 such laminw. In the 
sample before us, the cross section has been subjected to 
the action of dilute hydrochloric acid, in order to exhibit 
the grain. It will be seen that the structure, although it 
cannot be called absolutely homogeneous, is little inferior 
to really homogeneous or melted iron. This is, of course, 
owing in a great measure to the extreme extenuation of the 
oat quantity of cinder which remains in the mass after 
weldi Consisting, as the plate does, of six successive 
operations of piling and rolling, the last weld will enclose 
most cinder, and the first least for equal areas. What the 
enormous area is, over which the cinder of the first pile is 
spread, I leave those skilled in figures to calculate, and to 


draw their own conclusions. It is sufficient to say, that 





| 


the plate altogether forms a remarkable proof, or rather 
upwards of 11,000 proofs, of the efficacy of welding. 





The attraction of the iron for itself holds the atoms al ti 


I will now draw attention to the system adopted at Low 
Moor, which ry my Yer of “> , although essen- 
tially different from the foregoing. e 
obj caesar at, , A, cost, ed _ be Nama 
and precaution is taken at every s' of man e 
The pees in forming a plate is as follows: The pig 
iron is smelted with cold t, from materials compara- 

ively free from both sulphur and phosphorus, and is 
afterwards refined. It is then puddled in heats of not more 
than 2} es Nad BK am of nearly } one of scrap, 
consisting Pp 8 e puddling pro- 
cess . balls are hamme: ee SS eee 
slab. These are then reheated, and doubled and reheated 
and doubled in, until the requisite weight has been 
attained, and the whole is then reduced by hammering 
sabspine J fresh ge A a slab of the proper dimen- 
sions shape for the rolls. The ro presents nothi 
unusual, except in one important respect. The slab is no’ 
rolled with the original laminations horizontal, but vertical 
or cross-grained. ‘This is a precautionary measure for 
detecting flaws. If there is a blister or defective welding 
anywhere concealed in the mass, it is more likely to appear 
at the surface of the finished plate by this method than by 
the ordinary plan of rolling with the laminations parall 
to the rolls. Nothing could afford a more striking proof 
of the reliable nature of a sound weld than this mode of 
manipulation, producing, as it does, work of such excellence. 
If the plate once passes inspection, no trace of the lines of 
junction is seen. : 
the manufacture of bars, even greater precautions are 

taken than in that of plates. Every slab from the puddled 
ball is, in this case, broken in two and the fracture 
examined. Every piece which seems to have been at all 
burnt, or which presents a shelly appearance, is rejected 
and laid aside for common purposes. Those which pass 
muster are made into piles, which are hammered and 
doubled as described above, previous to rolling, while, for 
best cable iron, the blooms are not rolled into the finishe1 
section direct, but into flat bars, which are again cut up, 
piled, and re-rolled. a5 

The reason for these extra precautions is this. In plates 
(which, being for boiler purposes, are not usually very 
thick), any flaw is almost sure to make its appearance at 
the surface ; but in bars, especially of large diameter, it is 
possible for a defect to exist in a centre, where it would 
escape detection. 

I need scarcely add that the conditions of a sound weld 
are nowhere more appreciated than at these works, and the 
greatest care is exercised at every stage, even to the extent 
of employing an inspector, whose duty it is to examine 
every slab and remove every speck of dirt or shell which 
may appear on its surface, before it is put into the furnace. 

will: now shortly recapitulate the points to which I have 
endeavoured to the attention of the meeting : 

1, When two surfaces of wrought iron in a half melted 
or viscous state, are pressed together, the intervening 
cinder is expelled, provided it is liquid enough, and has a 
chance of escape, and cohesion results. This constitutes a 
weld, and if the proper conditions have been fulfilled, such 
a weld will be as sound as any other of the bar. 

2. The requisite conditions are seldom, if ever, absolutely 
fulfilled in practice. When the surfaces to be united have 
a large area, it is ney to avoid enclosing some small 
quantity of cinder. The endeavour should be to reduce it 
to a minimum, and then dilute it by after working. 

3. wry ty muddled ball is essentially a process of 
wane - the | a homogeneous is altogether inapplic- 
al it. 

4. The conditions for ye yang, ore in no case 
favourable in a puddled , and the culty increases 
“Tr ate t th ly part of this to 

ven , at the early ) paper, express 
some confidence that the views which I have endeavoured 
to put into a practical shape would be assented to by many. 
I am fully sensible, however, that there are some who have 
both thought and worked on the subject, who hold adverse 
opinions as to the main point in question. They say justly, 
‘* The time has come when not only better iron has become 
a necessity, but also cheaper, and there is no way of econo- 
mising so promising as that of dealing with the material in 
large masses.”’ ey may perhaps fairly add that this 
has already been done with a fair amount of success. 

Now, I admit the necessity of economy, andI do not 
deny that in machine puddling there may be some advan- 
tage in working ona large scale. This advantage, how- 
ever, is not paramount, and has its own difficulties, besides 
which it imports greater difficulties into the subsequent 
processes. There is no shingling machine yet constructed 
which is at all competent to do proper F pee to a puddled 
ball of one ton weight and upwards. there has been the 
appearance of success in the trials hitherto made, it is only 
just to take note of the failnres, and it must be remembered 

hat it requires many successes to pay for one failure. 

What 1 wish to point out is, that the system is not 
likely to yield uniformly good results, while it involves the 
use of machinery of an enormously expensive character ; 
that there is no need of a revolution so sweeping as to prove 
disastrous to old works, but that the machinery at present 
in existence, with very slight additions, is quite competent 
to deal with machine puddled iron with comparative 
economy, and with assured certainty as regards regularity 
of working. To take a single instance, let us suppose that 
the man ure is that of rails. 

I have shown that the oftener the iron is doubled and 
drawn, the more is the small quantity of cinder contained 
in it extenuated, and the tougher and stronger is the pro- 
duct. There ig no doubt, however, that it is quite possible 
to make an excellent rail out of a single bloom direct, pro- 
vided it is machine puddled and is not too large. The 
system, therefore, resolves itself into a series of puddling 
machines, each turning out from 5 cwt. to 6 cwt. at a heat, a 





small inexpensive squeezer to bring the ball into shape, and 
the present hammers to finish the bloom. This might-all 
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furnace before the heat is charged, which soon becomes 
liquid, and aye ate ee loses silicon, sulphur, 



















Commissioners were of the most glowing description, but 

most, if not all, the attempts since madé to carry out the 

~— system in this country have ended in disappointment 
oss. 


Coal in puddling is not probably very important, pro- 
vided only that it gives sufficient heat, but the substitution 
of one kind for another has been observed many times to 


be followed by a change in the quality of iron, disregard 
in 
8 












to redshortness, and it is not wise to it. 
ing cinder, or cinder used in puddling, stands next 
facture, the s of which indeed are capable of con- | in importance to fettling, and may, under very abnormal 
siderable tion The same general views, however, | conditions, be even more important. It is the first thing 
hold good in every case. An armour-plate, of however | used after the furnace is fettled, and is composed of cinder 
small ions, cannot be made out of one ball, because | expressed from previously puddled iron at the hammer, 
the first uae of squeezing folds up the cinder, which | squeezer, or rolls, and of that left upon the bottom of the 
cannot af ards be got rid of, except by a process which | furnace at the end of a puddled heat. To understand it 

not contemplated, namely, repeated wing and | properly the construction of the furnace will have to be con- 
doubling. So with all classes of iron. The supposed | sidered, because this exerts an important influence upon it, 
bomegenelly of the single ball is, as yet, a mere conjecture, | which shall be done as briefly possible. 
and likely to prove a fallacious one ; while the economy of | The ordinary furnace consists of a grate for the combus- 
the system is more a nt than real. Granted that | tion of fuel, from which the heat rises to the roof, passes 
x eey open | will before long entirely supersede hand | over the bridge or partition between the main divisions of 
labour, question lies between working on a large scale | the furnace, the prate and the puddling chamber, and by the | it would seem entirely su uous to mention it, but for 
and on a comparatively small one. If we sum up the ad- | form of the roof and of the furnace itself the heat is in- | the constancy with which it is ignored in all published ex- 
vantages which may be claimed for the former, they appear | tercepted on its way to the flue and thrown down against | periments and discussions. Two remarkable instances out 
to consist as follows: A small saving of fuel in some cases, | the bottom ; but this is only i effected, for the beat | of a vast number shall be given, the second of which may 
a small saving in labour, a small saving in crop ends, and | is much more intense in the upper than in the lower half. | perhaps tend to increase the faith or else diminish the 
portage on the average, a small saving of waste in re-| In the passage of the products of combustion along the/| scepticism of some practical men on the subject of chemistry 
V4 ‘ furnace, some ash from the fuel is deposited which mixes | as applied to . 

On other hand, we have the sacrifice of existing | with the cinder, and the u rtion of the sides and all} On one occasion, when pure hematite was being puddled 
machinery, and the expense of erecting new, of a very | the roof of the puddling c the area of which is| alone with a view to the production of steel for melting, 
costly class. We have also the increased liability to loss | somewhat in excess of the area of the Forages erg Pitecx J and it was known that wd en and the fettling were 
through the folding up of raw iron and fett in the | of firebrick, gradually melts away ; this melted firebrick | both of the right sort, and that the proper physic was also 
puddled ball, and popevely grantor difficulty in obtaining | also mixes with the cinder, and these together impoverish | being used, the pure steel persistently to come. 
a uniform and reliable product, accompanied with more | it considerably. This was at first very puzzling, because it had come before 
trouble from wear and tear, and the alarming risk of | The puddling basin of the ordinary furnace has a flat | under what a) to be exactly the same conditions. A 
long stoppages from the breaking down of gigantic ma- | floor as well as sides to the height of about 9 in., com little thought brought to mind that in the former instance, 
chinery. ’ of cast-iron plates. The floor is hollow underneath, to| a number of furnaces had been working fm ager upon it, 

I venture to say that a year’s experience of the two | allow the air to circulate and keep it cool, which end is also | while in this there was only one upon steel, and the rest 
modes of working would prove in favour of the smaller | furthered by its position and the natural tendency of heat | upon iron, that the cinder from the steel was quite different 
f to rise. from the other, but as it happened to be more convenient 

The bottom plates are covered to the depth of about 2 in. | for the men to use the iron cinder, they had undoubtedly 
by oxidising wrought iron scrap upon them, which, of | done so. An order was then jgiven that no cinder should 
course, makes a very rich and pure cinder, but no great | be charged into the steel furnace except such as was ham- 
amount of it melts off under ordi circumstances. | mered out of itsown balls. After five or six heats the steel 
was;perfect, and remained so as long as the same conditions 
were complied with. 

In the second instance, at a time when most, if not all, 
the furnaces were working Marron iron, as far as memory 
serves, for chain cables guaranteed to stand 50 per cent. 
above the Admiralty test, in which the mixture was {ths 






























































Any experiment, therefore, which does not come within 
these conditions is of an c , and, however 
promising it may a , will not be capable of being 
carried into commercially successful operation. The writer’s 
firm and others, at whose works he has had opportunities of 
observation, have had so very many instances of - this that 





















































































urnaces. 
I will now conclude this paper by expressing a hope that 
if the views which I have brought forward run counter to 
the experience, or to the matured opinions, of members 
resent, they will give us the benefit of their knowledge. 
e have fairly arrived at an important epoch in the iron 
trade—a period of transition—but it is not all daylight be- 
fore us, and the festina lenté policy is the safest. While 
charging others with holding mistaken opinions, I may be 
in error myself. My onlyo is to contribute some little 
towards the solution of a yet uncertain problem. 


ON PUDDLING IN ORDINARY AND 
ROTARY FURNACES.* 
By Mr. Henny Krrx, of Workington. 

In this paper it is intended to treat first upon the single- 
hand pudding furnace, as worked in a practical way, to 
establish a 5’ for com then, in turn, upon 
Danks’, Spencer’s, and Crampton’s ; to compare them and 
their products with each other ; to endeavour to point out 
some of the causes of the differences observed between 
them ; to indicate what researches are necessary to the 
attainment of sufficient knowledge to enable rotary puddling 
to be accomplished with commercial success, and how these 
researches Tapa = opm it is ~_ that ex- 
perience in the working of the ordinary furnace is 
of very use in dealing with the {rotary machine, their 
construction and the general conditions under which they 
work being entirely different; that, as it has taken some 
generations of i experience, almost unaided by 
science, to bring the working of the common furnace to 
its present state of efficiency, so it will require many years 
of such experience to bri puddling to ection, 
unless science in all branches applicable to it is brought to 
its assistance. 


its 
At the time the Commission was being appointed to pro- 
ceed to America, to report upon the Danks furnace, the 
writer was asked by a gentleman of great influence in the 
iron trade, to allow his naine to be put forward as a candi- 
date. rat. yee him to decline the 
honour, but he took the opportunity of im ing upon 
that deme the eeseatiiy these wee-ebaunting oF 

the 7, sat as mane not only the iron to be experimented 
upon, but the fettling, the coal, Koo Sas 
cinder, to be used in heats, i that, th 













With a very pure iron, such as a non-silicious hematite, 
the thickness of the bottom increases day by day to such 
an extent, unless special means are to prevent this, 
that the basin becomes too shallow for proper paddling ; 
iron not quite so pure, the bottom maintains itself, 
and from this point, ing as the iron is less and less 
pure, scraps require to be oxidised once in several months, 
weeks, days, or even hours, for with a very silicious iron 
we has to je age oveenes Gare 2 turn o} any i 
uddling a fair average q of pig iron, perhaps a 4 cwt. 
of et scrap will be en to each ton of puddled bar 
produced. : 

The sides of the puddling basin are “‘fettled,”’ generally 
with rich oxides of iron, and this fettling, any oxides 
produced in the furnace itself by the wasting of the iron, 
are the agents which have to carry away all impurities 
from the iron which do not pass off with the draughts. 
The lineal surface of fettling is about 12 ft. on the average, 
bag more than when the sides are comparatively bare, 
and less when they are newly fettled ; but the advantage 
of increase of ‘ace, when the furnace is getting bare, is 
more than counterbalanced by the disadvantage of di- 
minished thickness, which, as the side plates are exposed to 
the cooling influence of the air circu ating around them, 
prevents it from nary Sy so fast. From the height of 
the fettling 2 in. must deducted for the depth of scrap 
cinder upon the bottom, leaving 7 in. the space allotted to 
fettling ; but as it age yt reaches a few inches higher 
that the cast-iron sides all round, the fettling surface may 
be taken as 12 ft. x 9in. = 9 square feet. This _—_ 
sents usually, perhaps, a consumption of 64 cwt. to7 cwt. of 
jpn ae ton of puddled bars, to which must be added 
the oxidised scrap, say } cwt., or 7 cwt. altogether of oxides 
of iron. In some cases very much more than this is used, 
and in others less, but the estimate given will be sufficient 
for the ‘purposes of this peas: If we add 1 ft. to the 
fettling surface to represent the amount of oxidised scrap, 
that will make 10 ft. of fettling surface, which may be re- 
= as a standard for comparison with the various rotary 

urnaces. 


Puddling aims at the remioval of carbon, silicon, sulphur, 
phosphorus, and manganese from the pig or cast iron 
operated upon, Of these, the carbon passes off with the 
draughts, and does no further cree but the same can- 
not be said of the other elements. me of the sulphur, 
more or less, according to the mode of conducting the 
operation, also flies off in the same way, but the rest of it, 
and nearly all the silicon, gag “wet and manganese 
eliminated pass into the cinder. The more the cinder con- 
tains of these impurities the less it is capable of further 
absorbing them, ence the importance of looking to all the 
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i i the very best de- 
tion, and the cinder on the bottom <> ee 
or 4in. thick, some sip cien:deuieoh atl was 
evidently very silicious indeed. A few trial heats 


e 
» the finished iron being all fibre, and entirely fres 
m hotshortness, the yield good, and the quantity of 
fettling used apparently not at all extravagant. These 
results were not such as might have been expected from a 
silicious iron, and a sample was sent for analysis to make 
sure that it really was such. It was fo to contain 
silicon 3.44 per cent., and phosphorus .805 

trial heat was then made, the puddli Gales ase wih 
it contained eee oric acid 2.30 per 
cent., and the bottom cinder, at the of the heat, had 
silica 15.00 per cent., phosphoric acid 2.08 per cent. The 
finished iron }} round, which — in every way, gave 
silicon .315 per cent., sulphur . ~~ cent., phosphorus 
-179 cent. The charge was 527 lb., @ iron out 
498 lb.=21 ewt. 0 qr. 18 lb. of pig to a ton of —_ bars. 
As the resulting nidling cinder was strife than 
the puddling cin’ , there was, in this circumstance, 
having regard only to the composition of the cinder, grounds 































































































ug 
the bottom, no deterioration of cinder, excellent iron 
made, did not accord with the chemical views that silicon 
lowers the quality, and that 5 ey of it removed in 
re oy with it 4 lb. of iron, making 5 lb. of 

altogether. In this case, there was about 1.8 per cent. 
of silicon more than usual to be removed, say per ton : 




















worked off the bottom, the quality of produced rapidly 

deteriorated, and by the end the second had become 
bad; the work of the second turn showed, as far as 

Seakd Be'tant ont, and extra loss per ton of 

Pig Iron from 

Iron.  Fettling. Scrap. Pounds. 
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a Cleveland mottled pig, was worked in cinder from the 
mixed heat, and the results of the three are given below : 





Cleveland M. 











Silicons. Mixed. 
Trons. 
Per cent. 
Pig- | Bar. | Pig. | Bar. Pig. *} Bar: 
Silicon ..| 3.440] 315) 2142) .175| .459] .210 
Sulphur ...| 158} .086) .086 .023} .087) .018 
Phosphorus ...) .805} .179} .831) .150) 1.678) .181 


Pad. Cinders. | Used.|Made. | Used. | Made.| Used. | Made. 
Silica ... .-.| 15.21 | 15.00 | 15.00 |.14.85 [14 85 | 11.57 
Sulphur «| 20)° $8 [cfd 


Phosphoric , 

— ae 2.30 | 2.08 | 2.08 

It will be observed that the phosphoric acid increases 
very rapidly with a phosphoric iron, having very near] 


1.92 | 1.92 | 3.69 

















doubled itself with one heat, and with continuous work it 
rises much higher. For instance, a sample of cinder 
analysed lately from a works in the Cleveland district, 
where it is said a good deal of better iron is used along with 
the local, gave 8,86 of phosphoric acid. 

(To be continued.) 
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British Association, Glasgow, September 7, 1876, by 

Sre Wrii1am THomson, LL.D., M.A., F.B.S., Pre- 

sident of the Section. 

(Concluded from page 243.) 

CLOSELY connected with the question of the earth’s 
rigidity, and of as great scientifie interest, and of even 
greater practical moments is the question. How nearly 
accurate is the earth as a timekeeper ? and another of, at 
all events, equal scientific interest; how about the per- 
manence of the earth’s axis of rotation? 

Peters and Maxwell about 35and 25 years ago separately 
raised the question, How much does the earth’s axis of 
rotation deviate from being a principal axis of inertia? and 
pointed out that an answer to this question is to be ob- 
tained by looking for a variation in latitude of any or every 
place on the earth’s surface in a period of 306 days. The 
model before you illustrates the travelling round of the in- 
stantaneous axis relatively to the earth in an approximate: 
circular cone, whose axis is the principal axis of inertia 
relatively to space ina cone round a fixed axis. In the model 
the former of these cones, fixed relatively to the earth, rolls 
internally on the latter supposed to be fixed in space. Peters 
gave a minute investigation of observations at Pulkova inthe 
years 1841-42, which seem to indicate at that time a de- 
viation amounting to about % of the axis of rotation from 
the principal. axis. Maxwell, from Greenwich, in the year 
1853 found seeming indications of a very slight deviation, 
something less than half a second, but differing altogether 
in phase from that which the deyiation indicated by Peters, 
if real and permanent, would have produced it in well’s 
later time. On my begging Professor Newcomb to take up 
the subject, he kindly did so at once, and undertook to 
analyse a series of observations suitable for the purpose 
which had been made in the United States Naval Observa- 
tory, Washi m. A few weeks laterI received from him 
a letter referring me to a paper by Dr. Nysen, of Pulkova 
Observatory, in which a similar negative conclusion as to 
constancy of magnitude or direction in the deviation sought 
for is arrived at from several series of the Pulkova observa- 
tions between the years 1842 and 1872, and containing the 
following statement of his conclusions : 

‘** The investigation of the ten-month period of latitude 
from the Washington prime vertical observations from 1862 
to 1867 is completed, indicating a coefficient too small to be 
measured with certainty. The declinations with this in- 
strument are subject to an annual period which made it 
necessary to discuss those of each month separately. As 
the series extended through a full five years, each month 
thus fell on five nearly equidistant points of the period. If 
#2 and y represent the co-ordinates of the axis of instan- 
taneous rotation on June 30, 1864, then the observations of 
the separate months gave the following values of x and y. 





2. Weight. y- Weight. 
sec. sec. 

January ove —0.35 10 +0.32 
February... —0.03 14 +0.09 
March sed +0.17 10 +0.16 
April ... ee +0.44 5 +0.05 
y oa +0.08 16 +0.02 
June —0.01 14 —0.01 
July | —0.05 14 —0.00 
—0.24 14 +0.29 
September +0.18 14 +0.21 
+0.13 14 —0.01 
November... +0.08 17 —0.20 
December... —0.08 16 —0.08 
Mean + 0.01-++.08 +0.05-+-.03 


“ Accepting these results as real, they would indicate a 
radius of rotation of the instantaneous axis amounting, at 
the earth’s surface, to 5 ft., and a longitude of the point in 
which this axis intersects the earth’s surface near the North 
Pole, ‘Such that on July 11, 1864, it was 180 deg. from 
Was m, or 103 deg. east of wich. The excess 
of the coefficient over its probable error is so slight that 
this result cannot be established as anything more than a 
tonsequeuce of the unavoidable errors of observation.”’ 

m r it © of these results we must 
not, hegeren, ine —_ the deviations indi by Peters, 
Maxwell, ewcombare unreal. On the contrary, an 
that fall within the limits of prob _ 
tions ought properly to be regarded as real. There is in 


fact a vera causa in the temporary changes of sea level due 
to meteorological causes, chiefly winds, and to eeltings of 
dvein the polar regions, and return eyaporations, ‘which 


from } sec. to #s sec. Of the earth’s instantaneous axis from 
the axis of maximum inertia, or, as I ought rather to say, 
of the axis of maximum inertia from the instantaneous axis. 
As for geological upheavals and subsidences, if on a 
— large scale of area, they must produce, on the period 
axis of the earth’s rotation, effects comparable with 
those produced by changes of sea level equal to them in 
vertical amount. For simplicity, calculating as if the earth 
were of equal density throughout, I find that oe Stowe! 
of all the earth’s surface in north latitude and longi- 
tude and south latitude and west longitude with equal 
depression in the other two quarters, amounting at great- 
est to ten centimetres, a uati from 
the points of maximum elevation to the points of maximum 
depression in the middles of the four quarters, would. shift 
the earth’s axis of maximum moment of inertia through 
1 sec. on the north side towards the meridian of 90 deg. 


¥ | west longitude, and on the south ‘side towards the meridian 


of 90 deg. longitude. If such a c were to take place 
suddenly, the earth’s instantaneous axis would eee 
sudden shifting of but 54s sec. (which we may ), and 
then, relatively to the earth, would commence travelling, 
in a period of 306 days round the fresh axis of maximum 
moment of inertia. The sea would be set into vibration, one 
ocean up and another down through a few centimetres, like 
water in a bath set aswi The period of these vibrations 
would be from 12 to 24 hours, or at most a day or two; 
their subsidence would probably be so rapid that after at 
most a few months they would me insensible. Then a 
regular 306 days period tide of 11 centimetres from lowest to 
highest would be to be observed, with Camper: forsee wer 
amount from cen to century, as through the dissipation 
of energy produced by this tide the instantaneous axis of the 
earth is gradually brought into coincidence with the fresh 
axis of maximum moment of inertia. If we multiply these 
figures by 3600 we find what would be the result of a similar 
sudden upheaval and subsidence of the earth to the extent 
~ able that Past ee pe! a on jal histony 
possible in the very early ages of geologi 

such an action as thin, at the consequent 400 metres tide 
producing a succession of deluges every 306 days for 

years may have taken place; but it seems more pro 

that even in the most ancient times of geological history the 
great world wide changes, such as the upheavals of the con- 
tinents and subsidences of the ocean from the general 
level of their supposed molten origin, took place ually 
through the thermodynamic melting of solids and the squeez- 
ing out of liquid lava from the interior, to which I have al- 
eng A gradual distortion of the earth as a whole 
would never produce any great angular separation between 
the instantaneous axis and axis of maximum moment of 


inertia for the time being. Considering, then, the great | 8TO 


facts of the Himalayas and Andes, and Africa and the depths 
of the Atlantic, and America and the depths of the Pacific, 
and Australia, and considering farther the — of the 
uatorial section of the sea level estimated by Captain 
rke at about x4 of the mean ~— of m mal 
sections of the sea level,—we need no from a comet’s 
tail, a wholly chimerical cause which can never have 
= forward seriously except in ignorance of elementary 
ynamical principles to account for a ¢ a 
axis ; we need no violent convulsion prod a sudden dis- 
tortion on a great scale, with change of the axis of maximum 
moment of inertia followed by gigantic deluges ; we 
may not merely admit, but assert as highly probable, that 
the axis of maximum moment of inertia and axis of rotation, 
always very near one another, may have been in ancient 
times very far from their present geographical position, and 
may have a shifted through 10, 20, 30, 40, or more 
degrees without at any time any perceptible disturbance of 
either land or water. ; 
Lastly, as to variations in the earth’s rotational period. 
You all no doubt know how, in 1853, Adams di a 
correction to be needed in the theoretical calculation with 
which pageese followed up his brilliant discovery of the 
dynamical explanation of an apparent acceleration of the 
moon’s mean motion, shown by records of ancient eclipses ; 
and how he found that when his correction was applied, the 
dynamical theory of the moon’s motion accounted for only 
about half of the observed apparent acceleration ; and how 
Delaunay in 1866 verified Adams’s result, ands that 
the explanation may be a retardation of the ’s rotation 
by tidal friction. ‘The conclusion is that, since the 19th of 
rch, 721 B.c., a day on which an eclipse of the moon was 
seen in Babylon, commencing “‘ when one hour after her ris- 
ing was fully passed,” the earth has lost rather more then 


ree 
3,000,000 of her rotational velocity, or, as_a timekeeper, 


is going slower by 11} seconds per annum {now than then. 
Acording to this rate of retardation, if uniform, the earth at 
the end of a century would, as a timekeeper, be found 22 min. 
behind a perfect,clock, rated and set to with her at the 
homing the century. Newcomb’s subsequent investi 
tions in the lunar theory have on the whole tended to confirm 
this result ; but they have also brought to light some remark- 
able apparent irregularities in the moon’s motion, which, if 
real, refuse to be accounted for by the gravitational theory 
without the influence of some unseen or bodies passing 
near enough to the moon to influence mean motion. 
This hypothesis Newcomb considers not so probable as that 
the apparent i ities of the moon are not real, and 
are to be accounted for by irregularities in the earth’s rota- 
tional velocity. If this is the true explanation, it seems that 
the earth was going slow from 1850 to 1862, so muchas to 
ey fet —— by seven a ey ha these twelve F span > 
en to have goi aster again so as to gain 
aaah noceinds Seen Ieee So 1876 So great an pry boa 
as this wo uire somewhat greater changes of sea 
a greater than the Association 





seems a ae to account for irregular deviations of | of 


in the earth’s | particular 


in different parts fo a Se Po 

ve taken assumption of a fluid 
rior, pry, Amel se and the flow of a large mass 
the fluid **from equa’ regions to a position nearer 
the axis,” is not, from what I have said to you, admissible 
as a probable explanation of the remarkable acceleration of 
velocity which seems to have taken place about 
1862 ; but ly itis not necessary. A settlement of 14 
centimetres in the equatorial regions, with rise 
of 28 centimetres at the poles, which is so slight.as to be 
al undiscoverable in astronomical observations, or 
even by observation of the sea level, would suffice to accele- 
rate the earth’s rate as a timekeeper by one second per 

annum. 


COAL BORING NEAR. LINCOLN,* 
By Professor Haut, F.R.S., Director of the Geological 
Survey of Ireland. 


Taxis boring was undertaken about two years a 
small company of Lincolnshire gentlemen, ms fhe total 
depth attained up to this time was 2035 ft. The boring 
commenced in the lower lias at a spot about six miles north- 
See ae ees Sea 
r and bun , the upper permian and 
lower » it entered the carboniferous formation at a 
depth of 1901 ft., the remainder of the section being in 
Ss strata. The general succession was as 
ollows : 





th Thickness 
in Feet. in Feet. 
Alluvium ... 10 10 
Lower lias clay 60 
Rheetic beds 145 85 
Keuper—Marls ... eae a: 706 561 
‘ Lower sandstone we 958 252 
Bunter sandstone .. ee side 1500 542 
Permian—Upper marl and mag- = 
nesian limestone ... 1884 384 
os Lower sandstone ... 1900 16 
ee with 
plants ont 
“ Shales with bi- > 1955 55 
valves, anthra- 
fA Bluish calcareous 
shales & earthy 
limestone oa 2020 65 
+” Fine breccia... 2024 4 
” Chocolate cold 
hardclay ‘a 2030 6 


The temperature at 2000 ft. was 79 deg. Fabr. Ata depth 
of 917 ft. a strong feeder of water was encoun’ the 
lower keuper sandstone and a still stronger at 1250 ft. in the 
bunter sandstone, when the water rose to 4 ft. above the 
und. The water patpehey lates from a distance 
of 10 or 12 miles und und. ‘he boring was exceedingly 
interesting as giving the depths of the carboniferous rocks 
so far from the borders of the Nottinghamshire coalfield, and 
as giving the thickness of overlying formations, but un- 
fo tely for the gentlemen who had undertaken the 
work it had not as yet produced any satisfactory results. 
he carboniferous beds were of so peculiar a character that 
the writer hesitated to attempt to identify them with any 
i division of the carboniferous system. A great 
physical problem was to be solved in regard to the great 
coalfields of Lancashire and Yorkshire. It was a question 
what became of this great coalfield, whether it extended 
eastward towards the mouth of the Humber, and then 
north-east towards the German Ocean, or, on the other 
hand, whether it formed a concealed basin arising and 
a eastward under these newer formations? That 
was a problem that required to be solved, and it was one 
which engaged the attention of the members of the Royal Coal 
Commission, appointed some years ago to investigate the 
resources and extent of the coal formation of Great Britain. 
The view that he (Professor Hull) and others had taken in 
regard to this question was that these great coalfields of 
Yorkshire and Derbyshire did not extend indefinitely east- 
ward under these formations, but after passing water the 
permian ‘and new red , they began to rise to the 
east, form’ a concealed basin, because they were to 
recollect that the carboniferous rocks were entirely dis- 
cordant to all formations which rested upon them. 


In the course of # discussion which followed the reading 
of this paper, Mr. G. A. Lebour, Neweastle College of 
Physical Science, said the boring was of interest as throw- 
ing light on the theory of some Continental geologists of 
the unity of the coalfields of this country and of the Con- 
tinent. 

Professor Hull replied to the various questions which had 

been put to him, and, in answer to the Reverend Mr. 
Campion, said that it depended u the thickness and 
quality of the coal whether it would be profitable to work 
it at depths of from 2500 ft. to 3000ft. He had not the 
slightest doubt that we were on the v of a period, if 
we had not actually arrived at it, in which seams of coal 
of first-class quality and thickness would be profitably 
worked at the hs referred to. 
Mr. Pengelly said the period was not far distant when, 
as it was f to be cheap notwithstanding that there 
was legen 4 of tin and copper in Cornwall—to bring tin from 
Banca and copper from Australia than to work them at 
great depths here—it would be found to be cheaper to bring 
Osis trem the vast olde of America than $0 Yemig them up 
here from 2500 ft. or 3000 ft. 











Tue Frunca Navy.—The Tempéte, an ironclad floating 
battery for coast service, has been successfully launched at 
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Committee's. reductions of tidal observations for several 
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oe tate of the 
sion, has announced its intention of commencing ifs will occur in , getting scientific evidence of the s 1 
ae on the 12th of October. A large sum of money | question as affecting the health —— - Par wean 
has been subscribed by landowners in various parts of the | animals, trees, crops, &e. Itis sgh ee 
kingdom, for the yauee of meeting the expense which | tigation will be at once thorough ve. 

















Tue Noxious Varours Commission.— This com- 
mission, which was appointed to investigate the eos | 
effects of gases aon from chemical mineral works 
at the instance of the Duke @f Northumberland last ses- | 
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QUARRYING MACHINE AT THE PHILADELPHIA EXHIBITION. 
CONSTRUCTED BY THE STEAM STONE CUTTER COMPANY, RUTLAND, VERMONT, U.S.A. 


(For Description, see Page 276.) 
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THE IRON AND STEEL INSTITUTE. 


WELDING [Ron AND PUDDLING IN ORDINARY 
AND Rotary FURNACES. 


In our account last week of the Leeds meeting of 
the Iron and Steel Institute, we mentioned briefly 
that at the second day’s meeting (Wednesday) two 
papers were read, namely, one by Mr. Richard 

owson ‘“‘On Welding Iron,” and one by Mr. 
Henry Kirk “ On Puddling in Ordinary and Rotary 
Furnaces.” Mr. Howson’s paper we published in 
extenso on page 263 of our last number, while on 
pose 264 we published the first part of the paper 

y Mr. Kirk, a further portion appearing in our 
resent issue. Under these circumstances it will 
unnecessary that we should give any abstracts of 
the papers here, and we shall, therefore, speak only 
of the discussion upon them, the two papers being 
read consecutively, and then discussed together. 

In opening the discussion the President, Mr. 
Menelaus, observed that scarcely any one ventured 
to dispute that a good result could be obtained 
with old system of building up puddled bars 
into plates, &c., but Mr. Howson appeared to doubt 
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satisfactory results could be ob- 
tained by dealing at once with large masses, such as 


whether equally 


rotary puddling furnaces were capable of turning 
out. This being so,, Mr. Menelaus invited Mr. 
Gilkes, of Messrs, Hopkins, Gilkes, and Co., Mr. 
Jeremiah Head, of Messrs. Fox, Head, and Co., 
and Mr. Briggs, of the Carlton Iron Works, to state 
their experience to the meeting. 

Mr. Gilkes, speaking in response to this invitation, 
quoted the remark made by Mr. Howson in his 
paper that ‘‘it requires many successes to pay for 
one failure,” and observed that it might well be 
modified to the assertion that ‘* one success pays for 
many failures.” His firm, he remarked, had made 
the first Danks furnace in this country, under Mr. 
Danks’ direction, and this furnace, which was ex- 
amined by many, seemed successful. But there 
were certain things which had been lost sight of. 
In America the Danks furnaces examined by the 
Commission sent from this country, were not 
worked day and night, and the same was the case 
with the first furnace made by his firm, and they 
thus failed to get from that furnace all the informa- 
tion which an experimental furnace ought to afford. 


When they came to duplicate their furnaces and 
work day and night, di ties to arise. 
These di ies, which were i of a 
mechanical nature, had to be met, and they 
were met, the result being that they now were 
arriving at a good mechanical arrangement of 
Danks’ furnace. They were still working, and more 
successfully than ever, and were producing homo- 
geneous rails which ‘‘ he would not like to say were 
equal to steel, but which he would not like to say 
were anything short of that.” The iron turned out 
by the Danks furnace, Mr. Gilkes added, was un- 
doubtedly superior to that obtained from ordinary 
uddling furnaces, and he believed that from rotary 
urnaces would be produced a class of rail iron 
which would prove superior to steel. In conclusion 
he stated that, if they had not yet attained, the 
were not far from attaining a complete success wi 
the Danks furnace. 


Mr. Briggs, who spoke next, endorsed what had 
been said by Mr, Gilkes. At the Carlton Works 
they had commenced, he observed, with the Danks 
furnace but had lately changed to the Crampton 
system. ‘They were not, however, yet in full work. 
As to dealing with the iron in the large masses 
obtained from the rotary furnace they employed the 
Danks squeezer and also a large hammer, Hitherto 
they had not rolled off the after hammering 
without reheating, and, in fact, so far the quality 
of the puddled bar had not been so regular as had 
been hoped for. He, however, anticipated success. 
Mr. Briggs agreed with the view expressed by Mr. 
Kirk in his paper, namely, that the experiments on 
mechanical puddling have hitherto been carried on 
in a rather blundering way, while he added that 
there was some truth in Mr. Howson’s observations 
about the difficulty of efficiently treating large 
masses, He believed, however, that further ex- 
perience would enable them to produce such masses 
of a superior quality. 

The next speaker was Mr. Jeremiah Head, who 
commenced by observing that he had much enjoyed 
the reading of Mr. Kirk’s paper. It was, he re- 
marked, difficult to find any one who properl under. 
stood puddling, but it was still more rare to ind any 
one combining this knowledge with the ability to 
write a i“ such as they had just heard, The firm 
of which he (Mr. Head) was a member had started 
four Crampton rotary furnaces some weeks since, 
but at a they were standing on account of 
an accident to their steam hammer. They had had 
difficulties with the mechanical appliances, but these 
were now overcome, and the to deal with the 
difficulties of a a nature. At present 
~~ were charging the aces with cold pig or 
with pig — slightly heated in a ‘‘ dandy,”;but this 
mode of working was a source of loss of both time 
and fuel, as rotary furnaces are not good melters, and 
the consumption of coal and fettling is propor- 
tionate to the time the furnace is in use, thus the 
time occupied by a charge was, say, about | hour 
and 45 minutes, but with molten iron the charge 
could probably be worked off in 45 minutes with a 
proportionate saving. Again, they were at present 
only working one shift, and this system involved 
difficulties of its own, there being one or two bad 
heats at the commencement of each day instead 
of at the commencement of each week, as would 
be the case when working day and night. It would 
be understood that under these conditions the com- 
mercial success which had been attained was not 
very great at present. What was required was the 
double shift system of working and the charging of 
the furnace with molteniron. As rded the term 
‘* homogeneous” iron, he agreed with Mr. Howson 
that puddled iron is no¢ homogeneous, but really a 
mass of small pieces welded up. As yet he had not 
had any great success in rolling plates from blooms or 
so-called ‘‘ homogeneous” iron, and this was particu- 
larly the case with the thicker plates, very small 
thicknesses of plates or sheets turning out better. Of 
plates from } in. to ¥ in, thick, a large oe pee 
proved bad or liable to be “‘ scabby. e metal 
rolled ‘‘dry,’and like lead; but when examined next 
day after they were cold, too many of the plates 
have been found to be wasters, owing to ‘‘ drawing” 
or “ scabbing.” The thinner sheets, of, say, No. 18 
wire gauge were, however, much better, 
rounds rolled from solid blooms would bend double 
when cold, but also showed a liability to scabbiness, 
and this being so, he was inclined to believe that 
the old s of piling puddled bars was not 

oing to ot rid of so easily as had been 
ho Mr. Head went on to o e that Mr. 





Kirk had referred to the influence of silicious iron on 
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the bottoms of puddling furnaces. He (Mr. Head) 
often suffered from silicious pig iron, the iron being 
“hungry” or rotten, and the puddlers = getting 
out five heats per shift instead of six. his, how- 
ever, was not always due to an excess of silicon 
alone, but sometimes to an excess of phosphorus or 
sulphur. Dealers in pig iron do not —_— to suffi- 
ciently understand the variations in the quality of 
the iron they sell, but he hoped “g. m. b.”* iron 
would be better selected,’as there is no such source 
of trouble and expense to iron manufacturers as the 
supply of inferior pig. The amount of phosphorus 
in pig iron, he added, appeared lately to have per- 
manently increased, Cleveland iron, which formerly 
contained 1} per cent., now containing }} per cent. 
80 on, 

Mr, Robert Heath, M.P., said that he had now 
had the Danks furnace in use for a considerable 
time, and as a large number of the members of the 
Institute had visited his works during the summer 
meeting of last year, they had had an opportunity 
of forming their own opinion as to whetber the 
system was a success or not. He had had no trouble 
from the mechanical construction of the Danks 
furnace and had got excellent results from it. He 
could not, however, make plates and rails at a profit 
at present prices, and he had therefore, early in the 
year, stopped the works at which the Danks fur- 
naces were employed. He had, however, mills, &e., 
working elsewhere, and he had stopped operations 
at the Ravensdale Works, at which the Danks 
furnaces are situated, not on account of anything 
connected with the Danks system itself, but because 
it was more convenient to stop these works than the 
others. He agreed with Mr, Head that the rotary 
puddlers would produce ‘‘spilly” iron, but this 
could be overcome, At first the furnaces at his 
works had been operated under the direction of Mr. 
Danks’ son, but young Mr. Danks had been anxious 
to make the furnace do too much and produce too 
good a yield, and hence trouble had arisen about the 
quality of the product, Now, however, with further 
experience they had quite got rid of “ spilly” plates. 


He (Mr. Heath) believed that existing works could | ®ary 


not be profitably altered to work on Danks’ system; 
in his case he had put up entirely new works and 
he had had no trouble either from Danks’ squeezer 
or his furnace, 

Mr. Heath was succeeded by Mr. Crampton, who 
commenced by saying that he regretted he did not 
know beforehand the character of the discussion 
which would ensue on Mr, Howson’s and Mr, Kirk’s 
papers, as he would then have shown to the meeting 
samples proving that solidity could be attained in 
large masses obtained from the rotary puddling fur- 
nace, Plates rolled from 10-cwt, blooms made in 
his furnace had been cut into strips 3 in. wide, and 
the surfaces had been planed and etched with dilute 
acid, and then compared with samples of ‘ best 
Yorkshire” plate simi Vv treated. ‘The results were 
decidedly in favour of the homogeneous plates, the 
acid showing the others to be full of cinder. Mr. 
Howson had stated that a puddled ball consisted of 
small particles which were difficult to weld, but this 
state of affairs, he (Mr. Crampton) submitted, was 
not improved by altering the shape of the surfaces 
of the particles. At Woolwich it was found per- 
fectly impossible to produce a really solid mass for 
gun tubes by welding, andfor the inner tube they 
therefore had recourse to steel. Lowmoor plates, 
he added, were not rolled from bars, but from slabs, 
so as to reduce the number of welds. By rolling 
puddled bars, and then piling them, the difliculty of 
obtaining a solid welded mass was increased. It 
was & mistake to consider that immense blows were 
required to knock up a large puddled ball taken 
from the furnace at a good heat; but if allowed to 
get cold and then reheated, ditiiculties would un- 
doubtedly arise. What is necessary, therefore, is 
that the balls should be dealt with promptly when 
first taken from the furnace, and in corroboration of 
this he stated he had cut through a puddled ball so 
dealt with, and found it to show no specks. Mr. 
Heath, he observed, had done a great deal in the de- 
velopment of mechanical puddling, and he had seen 
a puddled ball rolled off into bars at one heat at the 
Ravensdale Works. ‘Twenty tons of plates have 
been made from iron treated in his(Mr. Crampton’s) 
furnace at Woolwich, and tests had shown that 
these plates were superior in quality to any ever 
made. But even in these plates Me. Head had 
pointed out the surface defects or waviness which 





. ite letters ‘“‘g. m. b.’’ mean “good marketable 





had been alluded to, and the question therefore 
arose whether these defects were really of the im- 
portance rally attributed to them. The point 
to be settled is whether we are to build up our 
plates and rails, or make them of a solid mass, and 
as bearing upon this he stated that he thought 
it would be v difficult to find any rails 
made from puddled bars which,would equal the 
homogeneous rails which’ ! by Mr. 
Gilkes, “At Woolwich he* Crampton) had 
puddled almost every variety'of iron, from the best 
Swedish to Cleveland cinder pig, and he ‘had found 
the product'from the latter ically as good as 
any. Many present would, he hadno doubt, consider 
this strange, but if they considered the matter, they 
would rn. there was wy m why it should 
not be se. @ percen urities in any iron 
is so ‘small that, the didoese Soipeen “ Food” 
and “ bad” iron is a very minute one, and if it is 
possible to remove these impurities, there is no reason 
why & high class iron should not be made from an 
inferior Pig. As re ed the remarks on the 
Crampton furnace made by Mr. Kirk in his paper, 
Mr. Crampton observed that when Mr. Kirk saw 
experiments at Woolwich, they were for special 
reasons working with very small charges, and there- 
fore an excess of fettling was used. Lately they 
have been puddling in his (Mr,.Crampton’s) furnace 
at Woolwich with under 4 cwt, of coal per ton of 
iron, 10 ewt. charges being’ used, the iron being 
charged in a fluid state, and-hot blast being used. 
With 15 ewt. charges they would probably reduce 
the coal consumption to about 3 ewt. per ton of iron. 

After these remarks by Mr: Crampton, Mr. Heath 
again rose to speak on the question of “spilly” 
plates, Such plates, he said, were also uced 
from puddled bars made from iron which been 
hand puddled, but with the Danks furnace he had 
at first got an extra ee ope of such plates. With 
the Danks furnace he not got such results as 
Mr. Crampton had stated had been produced in his 
furnace, namely, the manufacture of good iron from 
inferior pigs. He (Mr. Heath) had found it neces- 
to select the iron for the Danks furnace and to 
have it extra grey. He could only anticipate diffi- 
culties from the use of bad pig iron. 

Mr. Spencer, who spoke next, endorsed Mr. 
Crampton’s views as to the necessity of dealing with 
large puddled balls promptly on their being removed 
from the furnace, and while they are thoroughly 
heated throughout, If thus dealt with the desired 
solidity is obtained, ‘ Spills’— remarked Mr. 
Spencer—are cae cold laminations, and if the 
large masses are dealt with promptly, these lamina- 
tions are avoided, Mr; Spencer also endorsed the 
opinion oe Ming by Mr, Crampton, that with 
proper fettling a satisfactory product can be ob- 
tained from inferior pig iron in rotary furnaces. 

Mr. James Kitson, Jun., of the Monkbridge Iron 
Works, said that the experience of twenty-five years 
had shown him that iron which was practically 
homogeneous could be bye om by using a superior 
quality of pig iron and of fuel, and by “ putting 
sufficient work” into the product. Astrling to 
the Yorkshire process of iron making some por- 
tions of the puddled iron from each heat were broken 
and examined before og, used for the manufac- 
ture of plates, tyres, &c. He quite believed that it 
was {gy to produce sound iron by mechanical 
puddling also, but not from an inferior quality of 
pig. ‘The problem had been boldly grappled by the 
Cleveland ironmasters, and this was the more 
creditable to them because at present prices there 
was no margin for experiments. In conclusion he 
expressed his opinion that Mr. Gilkes would pro- 
— rails which would give a better result than 
steel, 

The next speaker was Mr. Edward Williams, who 
confessed that he was a believer in the apparent 
heresy set forth by Mr. Crampton, namely, that 
good bg iron could be produced from inferior 
pig. The ess of the pig must, in fact, be very 
considerable to avoid getting good wrought iron 
with proper treatment. ‘The truth is that the wrought 
iron is good if the pig is properly puddled. The 
product of hand puddling was never very good, 
and it was now worse, this, however, not being due 
to a deterioration in workmen generally, but to the 
fact that other work was plentiful, and in the face 
of this only an inferior class could be obtained to 
work at puddling. Under the circumstances he 
believed that mechanical puddling had become a 
necessity. He (Mr. Williams) agreed with Mr. 
Howson as to thedifficulty of producing homogeneous 
iron in masses, and expressed his opinion 





that it would be better to produce smaller masses 
and to weld them up. Mr. Howson had su ted 
the advisability of doubling and drawing the iron so 
as to obtain very thin layers, and this would, no 
doubt, do for some classes of products, but it would 
be very costly. As regarded rails, Mr. Williams said 
that he believed it to be essential that they should 
be made from solid ingots, but that how the ingots 
were obtained—whether by melting up the material 
as in the case of steel, or otherwise—he considered 
immaterial. He believed that an iron rail had never 
been made which, where the section was treated 
with acid, would not show a line between the web 
and head. Whether a puddled ball is large or small 
it is simply a kind of sponge containing a quantity of 
cinder which cannot all be got out, and this cinder 
prevents perfect welding for all time. 

Next Mr. J. E. Goldwyer, of the Bowling Iron 
Works, remarked that with the Yorkshire system of 
manufacturing plates, they had more difficulty with 
hollow places, which subsequently became blisters, 
than with surface defects. These blisters rendered 
it necessary to carefully test their plates by tapping 
over the whole area, and he inquired whether the 
rotary puddling would be likely to get over this 
difficulty of hollow places. 

Mr. G. J. Snelus, who was the next speaker, said 
that he had derived great comfort from the remarks 
of Mr. Gilkes and Mr, Heath, as he had taken a 
prominent part in the recommendation of the Danks 
— and he had felt almost like a culprit when 
that system had been spoken of as unsuccessful, 
As regarded Mr. Kirk’s paper, it required careful 
consideration, and as portions of it referred to state- 
ments of his (Mr. Snelus’s) which had more or less 

d out of his mind, he should prefer replying to 
it on a future occasion, when he had been able to 
analyse it more fully, There were, however, a few 

oints on which he wished to comment. Mr. Kirk 

ad dwelt upon the quantity of fettling used in the 
trials of the Danks furnace in America, and had said 
that this quantity was greater than the report of 
the Commission made out. ‘Whatever deductions, 
however, might be made from the figures in the 
ns a he could state that the facts ,them- 
selves are right. Mr. Kirk must necessarily be in 
the dark as to the quantity of cinder removed by 
the squeezer. Assuming 120 1b. of cinder to be 
squeezed out of the puddled ball, he . Snelus) 
could trace very simply 488 Ib. out of the 
573 lb. of phosphoric acid removed from a given 
quantity of iron. As regarded welding he agreed 
with Mr. Williams that it was very difficult to obtain 
continuous welds, and he was not sure that perfect 
welding was obtained even in the case of a mass 
made in the Danks furnace; the result in this case 
was, however, better than when the welding took 
place between layers, although unsound patches 
might exist. The defects in welded masses are de- 
veloped by concussion, such as that to which rails 
are subjected, and they are more serious in the case 
of welded layers than in that of welded nodules. 
The products obtained from piled iron might be 

rettier to look at, but the solid products would be 

etter for wear, even if they had surface defects. 
In conclusion Mr, Snelus observed that he could not 
agree that iron rails could be made to equal steel, 
the steel rails being superior in every respect. 

Mr. I. Lowthian Bell, M.P., who spoke next, ex- 

ressed his wonder that the phenomena of welding 
not been more thoroughly discussed, and re- 
marked that as far as he was concerned he 
had never heard a satisfactory explanation of it. 
Even Mr. Howson’s explanation was not an ex- 
ception, as it involved some contradictions. Thus 
Mr. Howson observes that in welding the skill of the 
workman has to be exercised “in protecting the 
surfaces from oxidation by means of a flux,” while 
a few lines further on he states that ‘the natural 
flux is of course the oxide of iron which forms during 
the process of heating,” and that the workman 
“assists the fusibility of this oxide by the addition 
of asilicious sand,” thus taking the view that the 
formation of the oxide is an essential part of the 
rocess. He (Mr. Bell), however, believed that the 
ormation of an oxide was not essential, but as iron 
cannot be raised to a welding heat without the 
formation of oxide it is necessary to examine the 
action of other metals to obtain support for this 
view. Platinum, for instance, affords a proof that 
oxidation is not necessarily an accompaniment of 
welding. Platinum welds almost as readily as iron, 
butit is very difficult to oxidise, and its oxide if 
formed is reduced by heating, so that no oxide can 
exist on the welded surfaces. Mr. Bell also observed 
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that he believed the statement made by Mr. Howson 
that sand, or its equivalent, was an essential to the 
welding process was a fallacy. To test this he had 
asked one of the best welders at Messrs. Kitson’s 
works, and he had that morning had an opportunity 
of seeing thin wrought-iron plates welded* without 
the use of sand. The fact was that if the iron was 
properly heated no sand was uired. Next, as 
regarded mechanical puddling, of course any one 
could make good wrought iron from good Pig; but 
he would go further and—agreeing with the heresy 
set forth by Mr. Crampton and Mr. Edward 
Williams —say that he believed it possible by proper 
treatment to obtain good wrought from inferior 

ig. Formerly, when we had not the chemical 
inowteligs which we now possess, it Was common 
to speak of ‘‘ good” and “bad” iron, as if there 
was some variation in the properties of the metal 
itself, no account being en of the presence of 
impurities; now, however, it was different, No~- 
thing had done more than the Bessemer process to 
show what the effects of different impurities in iron 
are ; and it is now known, for instance, that the pre- 
sence of phosphorus is an insuperable bar to the 
attainment of a very high quality. In the case of 
water, as is well known, it is’ as to remove 
large quantities of impurities as ones, and 
why should we not be able to do the same thing 
with iron during the puddling process? This, how- 
ever, was the difficulty; when you begin to puddle 
you remove carbon, and consequently begin to-lose 
fluidity ; but the impurities’ can be removed 
while the iron is in the fluid state, and the greater 
or less thoroughness with which they were ‘removed 
during that state constituted the difference between 
good and bad pudding: As_regarded the remarks 
which had been made by Mr. Head concernin 
‘“‘g. m. b.” iron, Mr, Bell observed that he 
himself received from time to time complaints as to 
his own iron, and wheneyer such: complaints were 
received he made it a strict rule-that’ the matter 
should never be allowed to pass over, but should be 
properly investigated, The result of these investi- 
gations, however,.showed; thaé.in the majority 
of cases the iron was. fully uP tothe average 
quality, and that it was, the ,forge owners who 
were in fault. Asregarded the manufacture of rails, 
Mr, Bell agreed generally with what’ hadybeen said 
by Mr. Williams, but he denied that it was an im- 
possibility to get rid of cinder. If a sponge soaked 
in water be sufficiently pre the water may be 
expelled ; and it seems probable that, in a similar 
way, a suflicient amount of squeezing will free iron 
from the cinder. Mr, Bell corroborated the state- 
ment that had been made, that rails manufactured 
from piled iron, and properly treated,t had been laid 
on the North-Eastern Railway, and had outlasted 
any steel rails they had been using; and he then 
expressed his agreement with some remarks made 
by a previous speaker as to the necessity for a revi- 
sion in the nomenclature of the products they 
manufacture. Lately, at Philadelphia, the group of 
judges over which he (Mr. Bell) had presided, had 
specially considered this matter, and they had gone 
so far as to recommend a revision in the nomencla- 
ture of iron and steel. The judges included repre- 
sentatives of every iron-making country, and their 
recommendations were made to the Centennial 
Commissioners, so that through them they might 
reach the world at large. Inthe United States, Mr. 
Bell added, an important lawsuit was now pending 
as to what constituted a steel rail. Bessemer steel 
rails differed greatly in both their chemical constitu- 
tion and mechanical properties, and hence disputes 
might arise. Under these circumstances, the judges 
agreed in recommending a system of nomenclature 
which would in due course be made public, and 
which, he hoped, would eventually remove existing 
difficulties, 

At the conclusion of Mr. Bell’s remarks the time 
having arrived for the termination of the day’s 
meeting, the President observed that as the papers 
which had been read had given rise to such an ex- 
ceptionally valuable discussion, the continuation of 
that discussion would be postponed until the next 
meeting, and in the mean time he proposed a vote 
of thanks—which was at once carried—to Mr. 
Howson and Mr. Kirk for their interesting papers. 
This business over the members adjourned to the 





_ * The sample of welding here referred to was a wrought- 
iron dome casing for a locomotive. It was subsequently 
— at the Town Hall, and was an admirable piece of 


work. 
+ The rails here referred to were case-hatdened by Dodd’s 
process. 


‘other leading works 0! 


Victoria Hall, as the chief room of the Leeds Town 
Hall is called, ‘where they, ‘were entertained to 
luncheon by the Local Reception Committee, and 
where they had an opportunity of hearing an 
excellent selection of music played on the organ by 
Dr. Spark, the borough ‘organist. Luncheon over, 
the members dispersed to visit the various works 
which had been thrown open to them, these including 
the iron works of the Monkbridge Iron Company, 
Messrs J. Whitham and Son, Messrs. Taylor, 
Brothers, and Co., and Messrs. S. T. Cooper and 
Co. ; the wheel works of the Leeds Wheel and Axle 
Company ; the nail works of Messrs. B. Mountain 
and Co,; the engineering works of Messrs. Kitson 
and Co., Messrs. John Fowler and Co., Messrs. 
Tannett Walker and Co., and Messrs. Hathorn, 
Davis, Campbell, and Davey; and the machine and 
tool works of Messrs. Fairbairn, Kennedy, and 
Naylor, Messrs. Greenwood and Batley, Messrs. 
Smith, Beacock, and Tannett, and Messrs, Joshua 
Buckton and Co. The works of Messrs. Thwaites 
and Carbutt at Bradford were also thrown open on 
this as on the previous day. ‘The list we have given 
will show that it was impossible for any individual 
member to avail himself of more than a tithe of the 
Opportunities of inspection thrown open to him, and 
in our own case we found time to visit but a few of 
the works above mentioned, while even of these few 
the demands npon our space compel us to give but 
brief general notices rather than anything like a 
detailed description. 


Tue MonxkBripGe Iron Works. 


The Monkbridge Iron Works are, apart from what 
we may term their mechanical features, especially 
noticeable as the youngest of thegreat establishments 
from which the supply of ‘‘ best Yorkshire” iron is 
turned out ; but while the Monkbridge Iron Com- 
pany cannot claim the antiquity of Lowmoor and 

owling, they can certainly claim for their products 
the same high character and uniformity of* quality 
which has made the South Yorkshire iron celebrated 
in all parts of the world. The works of the Monk- 
bridge Iron Company comprise two nts, 


one devoted to iron making, and the other to the |-gas 


manufacture of crucible cast steel, and in both de- 
partments the appliances are of a thoroughly modern 
character. In the iron t the of 
iron manufacture adopted is that followed, in the 
the Leeds district, the pig 
iron (cold blast) being first treated in refineries, then 
puddied in charges, and then after suitable ex- 
amination and sorting madenpning term or four re+ 
heatings before it assumes the form )of ,the slabs 
from which plates are rolled or tyres made,’ We 
shall probably have something moré to say about, 
this system hereafter, when dealing of the Lowmoor 
Works, and we need not, therefore, speak further of 
it here. f hay 

At the Monkbridge Works Siemens’ gas heating 
furnaces are adopted throughout with the result, 
amongst other things, of securing a general neatness 
and cleanliness throughout the establishment which 
can never be attained where the furnaces are fired 
with solid fuel. Another feature in the works is the 
employment of condensing engines for the rolling 
mills. ‘The rolls for bars and the smaller plate mill 
are driven by a condensing beam engine, while the 
large plate mill and the tyre mill are each driven by 
fine horizontal condensing engines, these two engines 
being of similar dimensions, The whole of these 
engines were constructed by Messrs. Kitson and Co. 
at the Airedale Foundry, and by their design and 
general finish they form a striking contrast to the 
engines but too often found in rolling mills. There 
is we know a very general impression in some 
quarters that an engine cannot be too rough for 
rolling mill work ; but this notion is, we are glad to 
say, gradually being exploded, and the Monkbridge 
Iron Company have at least shown that high-class 
engines can be advantageously employed, and can 
do their work with as much certainty and far greater 
economy than their rough and cumbersome rivals, 

We have mentioned incidentally the large plate 
mill, and the reversing gear of this mill, which is 
the invention of Mr. J. W. Kitson, one of the 
partners of the firm, is one of the most interesting 
features of the works. The mill consists of two 
stacks of rolls—roughing and finishing—26 in. in 
diameter and 8 ft. 6 in. long, and the reversing is 
effected by friction clutches applied by hydraulic 
power. ‘The shaft from the rolls carries two spur 
wheels running loose upon it, these wheels being 
geared to the engine so that they revolve in oppo- 





site directions, Between these wheels there is fixed 


See = 
on the shaft the hydraulic clutch casting, this cast- 
ing containing two hydraulic cylinders, the rams or 
rather the annular pistons of which are capable of 
forcing friction discs against the sides of one or the 
other of the spur wheels just mentioned, according 
to the manner in which the water under pressure is 
admitted to the ey miWhen the mill is not 
running, the friction stand each’ about an 

















eighth of an inch clear of'their respectively adjacent 
_ wheels, and they Pthus only to be moved 

ugh this distance to coe om the one or the 
other wheel by frictlonal t, and thus drive the 
mill. The frictionalsurfagemare lubricated by jets of 
water, and their area is‘ e to allow of 
the pressure neces : iving power 
being exercised wi of giving rise to 
cutting or undue abpasic ctice, the arrange- 


ment answers admir 
with great rapidity- 
minute—while owint he>exceedingly small dis- 
tance through which the friction discs have to move 
they acquire no great velocity,and thus come into 
contact almost without jnoise, Nothing, in fact, 
could work more smoothly thea the whole arrange- 
ment, and we can only be surprised that this con- 
struction of reversing gear has not found its way 
into more extensivé use, er? 

In the forge department. the members present at 
the time of our visit had an ity of witness- 
ing the working of a 24-cwt/ slab under a 6-ton 
hammer, the arrangements. for handling these slabs’ 
for heavy plates being particularly simpleand 
efficient, Another hammer was engaged in. férging 
crank axles, and here some exeellent handling of the 
work was also witnessed, ry 

After examining the tyre mill and the arrange- 
ments for cutting up bars for steel making, the 
visitors passed on to the steel works, where a new 
15-ton steam hammer was started bythe President, 
Mr, Menelaus, In this department also they were 
shown the pouring of some cast steel ingots. The 
steel produced at the Monkbridge Works is all made 
in crucibles, these crucibles, which contain charges 
of from.56 lb. to 60 lb., being heated in Siemens’ 
‘gas furnaces. When casting is going on these 
crucibles are lifted out of the furnaces ‘and 
in regular succession to two) men\who empty them 
into a ladle, this going on . until the required 
quantity of steel has accumulated, when the ladle 
is teemed into the ingot moulds. e ingot moulds 
for tyres are of cast iron. and of square section, 
square slabs thus obtained being punched and forged 
into rings under the steam hammer, This method 


to thirty times a 


of making ‘tyres by f ‘* cheeses,” punching 
them, bridging them roughly to sngedaviens tie 
steam hammer, and then finishing..them in a tyre 
mill. was, we believe, first origi at the Monk- 


bridge Iron Works, and it is that) haw: g6herall 
adopted :at:most works where tyres “are manuf 4 
tured. Altogether the Monkbridge Iron Works 
have been admirably planned and carried out, and 
the visit to them was a very interesting one, 


Tue Leeps WHEEL AND AXLE ComPANy. 


The works of the Leeds Wheel and Axle Company 
are remarkable as being the only establishment in 
this country laid out exclusively for the manufacture 
of railway wheels. The works were established in 
1866, and were at first intended for the production 
of wooden dise wheels only. year o agers how- 
ever, the manufacture of iron wheels of various 
types was also taken up, and the firm are now 
capable of turning out railway wheels of all kinds, 
the production of the wooden disc wheels being, 
however, still the leading speciality. 

The machinery with which the works are’ pro- 
vided for the manufacture of these wooden disc 
wheels is of a very perfect kind, and includes nume- 
rous special features, the system of manufacture 
adopted differing in many respects from that fol- 
lowed at previous works. Of these special features, 
however, we shall speak later on ; in the first place, 
we propose to say a few words concerning what may 
be called the iron department of the factory, 
this department, the first place visited was the 
foundry, where moulding machines for mouldi 
the bosses of wheels were seen in operation. 
these bosses are foes eog-may 7 the — 
is very good. joining the foundry is the forge 
haar ere is a steam hammer for ‘ bossing,” and 
smiths’ fires for the various operations of wrought- 
iron wheel-making. A noticeable feature in this 
shop is the provision of some of the fires for ring- 
welding, with a small supplementary fire for heating 





the “glut,” the two working into the same 
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In the smiths’ ne gy gan being very compact: 
too Y . pact firm are . 
manufacture some P » Were seen in process of now making, and which ne 
: the th s of | presently; whi a ch we shall describe 
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BORING, DRILLING, AND SURFACING MACHINE. 
CONSTRUCTED BY MESSRS. W. B. BEMENT AND SON, PHILADELPHIA, U.S.A. 
(For Description, see Page 276.) 


used for these wheels is teak, of which the firm have 
avery large stock in the form of slabs, each large 
enough to produce two segments of the disc or 
‘“‘tabs” as they are called. The first process is the 
sawing of these slabs diagonally, so as to produce 
the two tabs just mentioned, and these tabs are then 
planed down to the required thickness. ‘This planing 
is done in a machine with two vertical spindles, each 


driven at a high speed, and each provided at its | 
lower end with a pair of arms carrying cutters. | manufacture followed by the Leeds 


The tabs to be planed are fixed upona horizontal 
revolving table which, as it rotates, brings them 
successively under the action of one set of the 
planing cutters by which they are dressed off on the 
upper side. Passing on then to the other side of 
the machine the tabs are removed from the table by 
an attendant, turned over and refixed, the continued 
rotation of the table bringing them under the other 
planing cutters which finish the second side. Finally, 
the planed tabs pass on to the side where they 
originally entered the machine, and then they are 
removed, and their places filled by others. 

The next process is to trim the tabs to shape by 
taking thin cuts from them with a circular saw, and 
they are then placed in a machine which shapes 
their inner and outer ends, This machine, of which 
we gave an engraving on page 130 of our second 
volume, consists of a revolving annular table, pro- 
vided with means for securing the tabs; this table, 
as it revolves, bringing the tabs successively under 
the action of a band saw, which shapes their outer 
ends. Atthe same time a jig saw working in the 
centre of the table, shapes their inner ends, while a 


revolving cutter forms the chamfer, which in some 
forms of wheel has to be cut at the inner ends to clear 
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the round at the junction of the boss and its flange, 
The shaping of the outer ends by the band saw is 
not quite perfect, owing to the yielding of the saw, 
and hence the tabs as they pass round, after leaving 
the saw, are trimmed off at the outer ends by re- 
volving cutters. The whole machine is an admir- 
able one, and does its work perfectly, the tabs 
requiring no subsequent trimming off when built 





up into a wheel. It is in this that the process of 
heel and 
Axle Company differs from that adopted by the 
| earlier makers of disc wheels, the common plan being 
| to shape the ends of the tabs more or less roughly, 
| and to finish them after they had been built into a 
| disc. The plan we have just described, however, 
possesses many advantages over the older system, 
and certainly enables first-rate work to be turned 
out. 
| After being shaped as first explained, the tabs 
| are < together in pairs, and the holes drilled for 
| the bolts securing the boss. Next they are built up 
| into a disc, the boss forced in, and a washer put on 
| and secured by temporary bolts. This done the 
| wooden disc is ready to be forced into its tyre, this 
being effected by a hydraulic press exerting a pressure 
of about 160 tons. For some railways the tyres 
are bored out taper, the wooden discs being made 
so that they just enter the larger diameter of the 
tyre, while for other lines the tyres are bored parallel, 
and the discs are forced into place through a suitably 
tapered ring laid upon the tyre. In either case the 
effect of the operation is to reduce the diameter of 
the disc about } in., thus causing the tabs to exert a 
strong end thrust upon the tyre and boss, — 
The wooden dise having been forced into its tyre, 








the Mansell fastening rings are next put in place 
and the holes drilled through . them and ths diet 
for the bolts, This drilling is done in avery fine 
multiple drilling machine, which drills the whole of 
the sixteen holes at once, the wheel being laid on 
a rising table and the drills passing first through 
one of the iron rings, then through the wooden 
disc, and the second ring, so that, 
all the holes are perfectly fair. Next the tempo- 
rary bolts for securing the boss are removed, the 
holes rimered out, and the permanent bolts driven, 
when the wheel is ready to have the boss bored 
and then to be put upon its axle. 
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KITSON’S WOODEN DISC RAILWAY WHEEL, 


In the earlier days of wooden disc wheels, the 
bosses were universally made of cast iron, and this 
material is still used extensively. The latest and 
best practice, however, is to make the bosses of 
wrought iron, and the plant of the Leeds Wheel 
and Axle Company includes arrangements for forg- 
ing these bosses. é 

sides the machinery already spoken of, the works 
under notice are provided with a fine set of lathes 
for turning and boring tyres and turning bosses and 
axles, these tools being fitted with many special ap- 
pliances for facilitating the execution of work well 
and rapidly. Amongst these tools we may mention 
the peculiar form of tyre lathe of which we published 
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an engraving on page 79 of our fourth volume. In 
this lathe the tyre is mounted in an annular chuck, 
which revolves in a suitable hollow headstock, the 
arrangement being such that the tyre is left free to 
be operated upon by tools on both sides. This 
lathe was made specially for the Leeds Wheel and 
Axle Company by Messrs. Greenwood and Batley. 
The boring of the wheel bosses; we may mention, is 
effected by vertical boring machines, which are fitted 
with very convenient contrivances for handling the 
work, ‘The works also include a pressing shop, 
where the wheels are forced in their axles by hy- 
draulic pressure 

We have already mentioned incidentally a new 
type of disc wheel which is being made by the Leeds 
Wheel and Axle Company ; and of this wheel, which 
bas been designed and patented by Mr. William H. 
Kitson, one of the managing partners, we give a 
section on page 271. The chief feature of the wheel 
is the provision of a central flange or disc, which 
potent» from the boss nearly to the tyre, and which 
is traversed by the bolts securing the Mansell rings. 
This -entral disc is either forged in one piece with 
the boss, as shown in our section, or if a cast-iron 
boss is used it is made of wrought-iron plate, and 
the boss is cast on it. In either case, the makers 
have, by means of —— arrangements, succeeded 
in making a thoroughly satisfactory job, When the 
iron disc is placed at the centre, as shown in our 
section, the wooden segments, or ‘‘ tabs,” are made 
half the usual thickness, the sets being disposed on 
each side of the iron disc. In another form of the 
wheel designed by Mr. Kitson, however, the iron 
disc is on one side instead of at the centre, and 
wooden tabs of the usual thickness are employed, 
The new wheel possesses several important advan- 
tages, and is, we think, likely to come into very ex- 
tensive use, particularly with the increasing employ- 
ment of continuous brakes, as the iron disc, traversed 
as it is by the ring bolts, serves to transmit all tor- 
sional strains from the tyre to the axle, and thus 
entirely relieves the wooden discs of such strains as 
they are least fitted to bear. Already a number of 
these wheels are in use, and many more are in pro- 
cess of construction. 

We have now completed our brief account of the 
Leeds Wheel and Axle Works, but in taking leave of 
them we can only say that the completeness of their 
arrangements—a completeness which is due to the 
energy of the managing partners of the firm— 
Mr. J. M. Kitson and Mr. W. H. Kitson—as well as 
their power of rapid production, render them specially 
worthy of examination and notice, 


Tue Steam PLovcH Works. 

In these days when we hear on all sides complaints 
of the dulness of trade, it is a treat to visit an esta- 
blishment which shows in every department so 
much activity as the Steam Plough Works of Measrs. 
John Fowler and Co. We do not propose here to 
give anything like a general account of these works, 
for such an account, unless it was the merest outline, 
would occupy far more space than we can this week 
» oa but instead, we ap som to notice afew of 
the leading features which came specially under our 
notice when we paid the works a hurried visit last 
week, 

In the erecting shop Messrs. Fowler and Co. have 
now just completed a very novel implement, namely, 
a oe aera machine for Australia. This machine 
which is intended for forming ponds in alluvial soil, 
‘and which we hope shortly to illustrate, is a kind of 
excavator arranged to be hauled along by a wire 
rope actuated by a couple of steain ploughing engines 


and capable of digging out a charge of 5 tons of | 


earth at each operation. ‘The width of cut taken is 
6ft., and the pull required is 8} tons. 
of the machine are well worked out, and there is 
every promise of its doing its work well. Messrs. 
Fowler have also in hand a new form of plough for 
steam cultivation which includes some ingenious 
features, and also a tramway locomotive of novel 
design. ‘The firm have also in hand, in addition to 
numbers of their well-known steam ploughing and 
traction engines, a quantity of mining machinery, 
including air-compressors, underground hauling 
engines driven by compressed air, and portable 
winding engines, these latter having the barrels of 
the boilers bolted to the fireboxes, so that they can 
be removed when ne , to get access to the 
interior of the boiler. In these ploughing and 
traction engines Messrs. Fowler have, as is well 
known, long extensively used steel gearing, &c., 
but it is only by examining the engines in course of 
construction, that a fair idea can be obtained of the 











extent to which steel and malleable castings are 
employed. Messrs. Fowler and Co. have a special 
department devoted to malleable castings, and 
they turn out these castings of a weight and size 
which can be produced at but few other works. 
Steam ploughing engines are exposed to very severe 
strains and sudden shocks, and it is only by the em- 
ploymentof first-class materialsthat they canbe made 
of a reasonable weight, and yet of such strength as to 
keep clear of breakdowns. Messrs. Fowler’s ex- 
perience has led them to almost entirely discard 
ordinary cast iron in the construction of such engines 
(except of course for the cylinders) and to employ 
in its place steel or malleable castings, ies) 
pains are spared to insure sound work, ts 

In the boiler department, an interesting featuré 
was the arrangement for flanging plates” by 
hydraulic pressure. Messrs, Fowler have now 
employed a hydraulic press for this purpose for 
some time, and the results obtained, both as regard 
rapidity and the character of theflangip: is excellent. 
Measrs. Fowler are also employing: Mr. 'Tweddell’s 
hydraulic rivetters, the portable rivetter being 
admirably adapted for rivetting up the frames of 
cultivators and similar work. 

As most of our readers are aware, the question as 
to whether jib cranes or travellers are best for 
foundry work has been much discussed, without 
any very definite conclusion being arrived at. At 
the Steam Plough Works, however, the matter has 
been most satisfactorily settled by fitting the very 
fine foundry with cranes of both types. The jib 
cranes, which are worked by hydraulic power, are 
ranged along the sides of the foundry, and are used 
for the lighter work, while a fine traveller is provided 
for dealing with the heavier weights. Hydraulic 
power is also applied in the foundry to the fly- 
wheel moulding machines to withdraw the patterns 
from the sand, An important branch of the foundry 
work is the production of chilled castings for plough- 
shares, &c., two cupolas being kept for melting iron 
for these castings, and there being special arrange- 
ments for pouring, &c. The two other cupolas em- 
ployed on ordinary work are placed in the middle of 
the foundry instead of at the side as usual, and they 
can thus be tapped from either side. The cupolas 
have drop bottoms, and the upper parts are connected 
with the sides of the foundry by a gallery or charg- 
ing platform, a hydraulic hoist raising the materials 
to this platform. 

We may mention here that, in connexion with 
their manufacture of mining plant, Messrs. J. Fowler 
and Co, have taken up the construction of Cooke’s 
ventilating machine, described in our pages some 
time since, and of which we then had occasion to 
speak favourably. One of these machines, of large 
size, was shown running at Messrs. Fowler’s works 
last week. In conclusion, we can but regret that 
the space at our disposal does not permit us to speak 
at length of the numerous machines and contrivances 
to be found in use at the Steam Plough Works for 
insuring accurate workmanship aud facilitating eco- 
nomic production. 
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Messrs, Ilarnorn, Davis, CAMPBELL, AND 
Davey’s Works, 

The works of Messrs. Hathorn, Davis, Campbell, 
and Davey, of the Sun Foundry, were established in 
1850. At the present time and for the past four 
years, the firm have been principally engaged in the 
manufacture of Mr. Davey’s differential pumping 
engines, as well as hydraulic engines, compound 
engines, and separate condensers, The works oc- 
cupy two acres of ground, and consist of a foundry, 
with two 15-ton power cranes and one 10-ton hand 


| crane, a smiths’ shop fitted with steam hammer, and 
The details | 


four machine shops, having two 20-ton travellers 
and one of 10 tons, as well as two 6-ton jib cranes. 
The firm have a boring machine for boring cylinders 
opt 120 in. in diameter by 12 ft. stroke, and two large 
planing machines, each to plane 20ft. by 7 ft. The 
works give employment to from 200 to 300 hands. 
The chief object of attraction in these works was a 
compound differential pumping engine for the Croy- 
don Water Works, This engine will be connected 
to a double-acting pump by means of a wrought-iron 
quadrant, and will lift water through the mains ata 
speed of 230 ft. per minute. The pump will be placed 
vertically in the well. The engine has a high- 
pressure cylinder 30 in. in diameter, and a low- 
pressure cylinder 60 in. in diameter, the stroke being 
7 ft,, and the intended speed 10 double strokes per 
minute. The steam is to be supplied at 50 Ib. pres- 
sure, and the engine is fitted with a surface con- 
denser containing 452 horizontal tubes, 7 ft. long by 





3in. in diameter, these tubes exposing a surface of 
640 square feet. The condensing water circulates 
through the tubes, The pump has a barrel 26 in. and 
plunger 17 in. in diameter, and the effective head, 
including friction, against which the water is to be 
lifted, is 200 ft., the quantity to be raised being 2500 
gallons per minute. 

Besides these engines, Messrs. Hathorn and Co, 
are engaged in manufacturing differential valve 
gears for a 90-in. Cornish engine at the Lonsdale 
Colliery, and for an 80-in. Cornish engine at the 
Staveley Works, as well as several hydraulic pump- 
ing engines to work with natural and artificial heads 
of water, and which are chiefly intended for drain- 
ing the dip workings of mines. The visitors also 
inspected several separate condensers in course of 
manufacture by this firm. 


MEssrs, GREENWOOD AND BATLEY’s WORKS. 


The Albion Works of Messrs. Greenwood and 
Batley are of considerablo extent, covering 10 acres 
of ground. In. the foundry, which has an area of 
1184 square yards, are two 15-ton steam cranes 
driven from belting, which the firm find a great 
improvement upon clutches and bevel gear, which 
was frequently giving way. The firm have just 
started a small foundry for the production of 
malleable iron castings for the small details of 
machinery. The forge has an area of 498 square 

ards and contains amongst other plant a powerful 

orsfall machine working horizontally for pro- 
ducing bolts and nuts, and a vertical machine in- 
vented by Mr. Vincent for the same purpose, which 
is new and so far has worked well. The smiths’ 
shop has an area of 736 square yards and is fitted 
with all modern appliances. 

The fitting shops are very extensive, having a 
floor area of 9628 square yards, They consist of 
one long main building divided into two bays, 
and having galleries above and two wings on one 
side. The machines in one half are driven by a 
25 horse power horizontal condensing engine by 
Messrs. Fowler, and midway of the length of the 
building is another horizontal engine of similar 
power by Manning, Wardle, and Co., which drives 
the machines in the other half of this building. 
There are in all upwards of 1200 machines especially 
adapted for economical production, and the works 
afford employment to nearly 2000 hands. Amongst 
the works seen in progress was a circular planing 
machine for the Royal Gun Carriage Department at 
Woolwich for planing the racers for s. ‘There 
was likewise a train of rolls for the Turkish Govern- 
ment for rolling sheet metal for cartridge cases. 
Generally the works were engaged in the production 
of machinery used in the manufacture of war ma- 
terial, silk preparing and spinning machinery, boot 
and shoe-making machinery, carriage wheel making 
and cask machinery, as well as engineers’ tools and 
wood-makibg machinery. The firm are engaged 
experimenting with Moy’s engine, in which the cy- 
linder is enclosed in the boiler. Manley’s combined 
rotary engine and pump is also being brought out 
by the firm, who are also preparing to make Baville’s 
tool holder, of which they have acquired the license 
for Great Britain. Besides the Albion Works we 
have been describing, Messrs. Greenwood and Batley 
own the Albion Foundry at the other end of the 
town, where they manufacture the patent ‘ Globe” 
horse shoe-nails, as well asa new horse-shoe, besides 
printing and paper-cutting machines, 


BessEMER STEEL MAKING. 


On the morning of Thursday the 2]st inst. the 
members again met in the Civil Court at the ‘Town 
Hall, when the proceedings were commenced by 
the resumption of a discussion adjourned from the 
meeting of March last on ‘‘ The Use of Molten Iron 
Direct from the Blast Furnace.” It will be re- 
membered by many of our readers that the question 
of using molten iron direct from the blast furnaces 
for Bessemer steel making was first raised at the 
meeting of the Iron and Steel Institute held at 
Barrow in the autumn of 1874. The question was 
then introduced by Mr. Edward Williams in the 
course of the discussion on Mr, Holley’s paper “ On 
American Rolling Mills,” Mr. Williams taking the 
view that this system of working was quite prac- 
ticable, and possessed of decided advantages, a view 
in which he was supported by Mr. Snelus and Mr. 
E. Windsor Richards. Mr. Schneider and Mr. J. 
T. Smith, of Barrow, strongly expressed an opposite 
opinion, and maintained that even if practicable the 
system involved many difficulties, particularly in the 





management of the blast furnaces, and that it was 
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quite unlikely to prove advantageous. As we pointed 
out at the time, however (vide volume xviii., 
page 196), when commenting upon the discussion, 
the balance of evidence was decidedly in favour of 
using the molten iron direct. That the system 
could be carried out had been decidedly proved by 
the experience of several years on the Continent— 
this mode of working having been in use in both 
France and Sweden — while nothing had been 
adduced during the discussion to prove that the 
difficulties to be overcome here were greater than 
those which had been surmounted by the French 
and Swedish blast furnace managers. Subsequent 
results have fully corroborated the views we then 
expressed, and at the meeting of the Institute in 
London in March last, the subject was again in- 
troduced by Mr. J. ‘Il’. Smith, of Barrow, who with 
a straightforwardness and candour worthy of all 
praise, confessed that the opinions he had expressed 
at the Barrow meeting were erroneous, and described 
how le had, in the face of many practical difficulties, 
successfully introduced at his works the system he 
had previously condemned. At the same meeting 
Mr. Snelus also explained that he was using the 
direct system at, Workington, and Mr. E. Windsor 
Richards that he had successfully employed it at 
Ebbw Vale; and eventually the discussion was 
adjourned, to be resumed, as we have already said, 
at the Leeds meeting yesterday week. 

On this latter occasion it was reopened by Mr. 
Snelus, who gave a description of the arrangements 
which he is employing at the West Cumberland 
Iron Works, Workington, for conveying the molten 
iron direct from the blast furnaces to the Bessemer 
converter. Through the courtesy of Mr. Snelus we 
shall be enabled in an early number to illustrate 
these arrangements, but in the mean time we may 
describe them generally. Close to the blast furnaces 
and between the furnaces and the pig-beds a kind 
of subway has been formed and laid with rails on 
which the ladle-carriage employed to convey the 
metal from the furnaces to the converters can run. 
The ladle carriages are four-wheeled and have 
wrought-iron frames, the ladle being slung at the 
centre of the length of the carriage and arranged to 
tip to either side. The cost of three of these ladle 
carriages was a littlé under 1000/7. Across the con- 
verter pit and just in front of the converters a steel 
girder has been placed, this girder being at a 
sufficient height to allow of the ladle crane swing- 
ing beneath it. This girder serves to support the 
outer ends of two lines of rail, so laid that when 
the ladle carriage is run upon one of them the ladle 
can be tipped into the adjacent converter, while the 
other converter is similarly served by the other line. 
In practice it is usual to draw each ladleful from 
two blast furnaces, and it is found that it only 
iakes five minutes to tap into the ladle and to carry 
and pour the metal into the converter. These 
arrangements for working on the direct system have 
now been in use between two and three months, 
and have given no trouble. It was stated by Mr. 
Snelus that working on this system 887 tons of 
ingots had been obtained from 1033 tons of iron, 
the ladle sculls amounting to 14 tons, 12 ewt., the 
cleanings to 1 ton 3 ewt. Altogether the steel 
scrap had amounted to 1} per cent., and the waste 
of all kinds to 14.2 per cent., and it was found that 
the direct process saved 2 per cent. of iron and all 
runner sculls, A ladle is found to last from 20 to 
30 casts before the scull has to be removed, and al- 
together the system has proved very satisfactory. 

Mr. J. T. Smith, who spoke next, gave some 
particulars of their present practice at Barrow. We 
may remark here that the Barrow Works are rather 
awkwardly situated for the application of the direct 
process, the blast furnaces being separated from the 
steel works by a main line of railway, and it being 
necessary, in order to make a safe crossing, to 
convey the molten iron from one and a half to two 
miles. Mr. Smith, however, stated that they are 
now taking across regularly, from 1500 to 2000 
tons of molten metal per week, and during six 
months the scrap iron formed in the ladle has 
amounted to but 1} per cent. One point in favour 
of the success at the Barrow Works is, that the iron 
produced there is richer in silicon than the 
Workington iron, and hence there is the less hurry 
to commence blowing promptly. It was remarked by 
Mr. Smith, that one advantage he had found from 
the direct process was, that it necessitated extra 
care in the working of the blast furnaces, and by 
thus keeping the blast furnace management up to 
the mark, a saving was effected quite itegentont 
of that resulting from the use of the molten metal 





itself. Upon the whole, he considered that the new 
system had resulted in an improvement in the class 
of steel produced, and in fact they were so satisfied 
that it was the right thing, that they had pulled 
down their cupolas. 

The next speaker was Mr. E. Windsor Richards, 
who by means of a model explained the arrangements 
which he is adopting at the new steel works of 
Messrs. Bolkow, Vaughan, and Co. Of this arrange- 
ment we shall also, by the kindness of Mr. Richards, 
be able to publish engravings in an early number, 
and we shall therefore for the present confine our- 
selves to giving some general particulars. At the 
new Cleveland Steel Works, the blast furnaces are 
sufficiently high to allow of the metal being tapped 
into the ladle on the ladle carriage, and the latter is 
then run on the level into the converter house, The 
converters are arranged on the American system, 
there being only one working level, and the con- 
verters being arranged to tip forwards and not 
towards each other, as is usual in English works. 
Between the two converters is a hydraulic lift, on to 
which the ladle carriage is run, the lift raising to 
the level of a platform on which is a traverser. ‘The 
ladle carriage having been lifted is transferred to 
this traverser, and itcan then be shifted right or 
left according to which of the converters is to be 
supplied with metal. The whole arrangement has 
been carefully worked out, and it promises to 
answer well, 

Mr. Edward Williams then inquired what Mr. 
Snelus did with the metal produced by the blast 
furnaces on Sundays, and in reply, Mr. Snelus said 
that they had but a very short stoppage on 
Sunday, as they did not leave off steel making 
until midnight on Saturday, and then started again 
at 6 p.M.on Sunday. The iron which accumulated 
during that time was run into pigs and melted up 
in the usual way. A portion of any iron accumu- 
lated in this way might, Mr, Snelus remarked, be 
melted up in the converter; probably as much as 
20 per cent. if the iron was sufficiently silicious. 
He, however, did not like having more than 3 per 
cent. of silicon, and he added that the Workington 
iron, not being so silicious as that at Barrow, 
prompt blowing was required, or otherwise the 
iron would blow cold. 

Mr. Menelaus in concluding the discussion said 
that they had been working successfully on the 
direct system at Dowlais, but that owing to local 
circumstances they were unable to pour the molten 
iron direct into the converters, but had to use run- 
ners. They were, he added, using a tapping instead 
of a tipping ladle, the ladle being tapped like a 
cupola. ‘This form of ladle enabled a very simple 
form of ladle carriage to be used and they found it 
answer well, while as regarded the ladle sculls they 
had found them amount to about the same per- 
centage as Mr. Snelus. The iron was taken from 
the blast furnaces at the cinder fall, close to the 
furnaces, As regarded the quality of steel produced 
when using molten metal direct from the blast fur- 
naces it was, if not better, certainly no worse than 
before. In conclusion, he remarked, that as re- 
garded the Sunday difficulty, it appeared to him 
that they would eventually have to make steel on 
Sundays justas they now made pig iron, and he con- 
fessed he did not see much difference between the 
two operations. ‘This, however, was a somewhat 
delicate question, and he had, perhaps, better not 
discuss it further. 


HyDRAULIC ForGING. 


The next matter proceeded with was the reading 
of a paper by Major J. O. Butler, of Kirkstall 
Forge, on the ‘“‘ Hydraulic Forging and Stampin 
of Iron on the ‘ Systéme Haswell,’ of Vienna,” an 
as we print this paper in extenso on page 285 of the 
present number, it will be unnecessary that we 
should give an abstract of it here.* The discussion 
on the paper was opened by Mr. J. T. Smith, of 
Barrow, who observed that in the hydraulic forging 
system if any imperfection existed in the slab it 
remained in the forging, while, he added, that Mr. 
Haswell’s plan appeared to be ina fair way to be 
supplanted by the system of Sir Joseph Whitworth. 
The next speaker was Mr, David Greig, of the Steam 
Plough Works, who pointed out the advantage which 
the system of hydraulic forging possessed of caus- 
ing the fibre of the iron to follow the form of the 





* We may add that a description of Mr. Haswell’s system 
of hydraulic forging, together with sketches of some of the 
dies employed, was given in one of our articles on “* Loco- 
motives at the Vienna Exhibition,”’ published on page 427 
of our fifteenth volume. 


object produced, and this was a result which he 
said we should aim at in making forgings. The 
hydraulic forging system also saved iron and sub- 
sequent shaping of the articles, and he considered it 
extraordinary that a system essing so much 
merit should have been so long used on the Con- 
tinent without being introduced here. 

Next, Mr. E. A. Cowper remarked, that many 
years ago the late firm of Fox, Henderson and Co. 
employed a Sama to squeeze iron into 
shapes. Mr, Cowper then added an accumulator 
to this press, so as to obtain quick strokes, and it 
had been exclusively employed to weld up the 
bosses and rims of wrought-iron wheels. The 
question had arisen whether perfect welds could be 
made by pressure, but it was found that by having 
clean surfaces this could be successfully done, 

Mr. R. Price Williams, who followed Mr. Cow- 
per, observed that the system of hydraulic forging 
well illustrated M. Tresca’s interesting researches as 
to the flow of solids, and he explained how he had 
himself turned M. Tresca’s theory to practical ac- 
count in the manufacture of railway crossings. The 
object sought was to form a groove across the head 
of a rail, and to thicken the web at the point where 
the ove occurred, and he (Mr. Williams) had 
found that by applying hydraulic pressure suitably 
it was possible to make the metal flow from the 
place where it was not wanted to the place where it 
was, The rails were of course dealt with hot, and 
the operation was performed in a suitable press, 
which had been made for him by Messrs, Fielding 
and Platt, of Gloucester. In conclusion Mr, 
Williams said that he believed that forging under 
the hammer would eventually be supplanted by 
hydraulic forging. 

Mr. E. H. Carbutt, who spoke next, said that in 
company with Mr, Webb, of Crewe, he had spent 
several days in examining into the system of hy- 
draulic forging as carried out at Mr. Haswell’s works 
at Vienna, Mr. Haswell, having kindly placed the 
press at their disposal. The conclusion he had 
arrived at was that it was the right way to produce 
forgings, but the dies required were expensive, and 
they moreover absorbed heat from the iron under 
treatment. He quite agreed that hammers would 
probably be less used in future. 

Sir John G. N. Alleyne observed that the old press 
which had been referred to as having been used by 
Messrs. Fox, Henderson, and Co., was now at 
Butterley, and Mr, F. A. Paget then gave some par- 
ticulars as to the extent to which the system of hy- 
draulic forging had been applied on the Continent, 
The Haswell press, he pointed out, was a swaging 

ress, and did not dispense entirely with preliminary 
orging. Moreover, the iron has to be supplied to 
itin pieces very closely to the weight required. The 
press, he remarked, effected a great saving, and had 
been very successful, the forgings produced by it 
being excellent. Next Mr, B. Walker spoke in 
favour of the hydraulic forging system, but re- 
marked that a difficulty arose in applying it, owin 
to the multiplicity of patterns to which forgings h 
to be made. In Germany the opportunity was 
better, as there were a greater number of standard 
patterns for locomotive details and similar things, 
He (Mr. Walker) believed that a steam hammer was 
quite unable to deal effectively with a 15 cwt, 
puddled ball, but he considered that a hydraulic 
press might be made suitable for the work, ‘This 
press could be placed close to the furnace so as to 
operate on the ball directly it was drawn. 

Mr. J. Kitson, Jun., who spoke next, observed 
that he did not consider that the treatment under 
the hydraulic press would supplant forging under 
the hammer, Phe remark had bens made that the 
present system of forging was ‘‘ barbarous,” but the 
members had had an opportunity of witnessing 
some of this ‘‘ barbarous” leceinn at the Monkbridge 
Works on the previous day, and they could form their 
own opinion. He (Mr. Kitson) considered that a 
crank axle could not be forged in a hydraulic press, 
and he pointed out that the iron cannot be built up 
under such a forging machine, In reality, he 
observed, both systems were good for special 

urposes, and the one did not supplant the other, 
The delay in the introduction of the hydraulic 
forging system, he added, had not been due to want 
of enterprise, but to the want of standard patterns 
of forgings, and if when now set to work it has the 
effect of feading to the increased reduplication of 
standard forms, both the producers and users of 
forgings would be benefitted. 

Next, Sir Joseph Whitworth, in answer to the in- 





vitation of the President, made some remarks on his 
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system of compressing fluid steel. Under the pres- 
sure he applied, amounting generally to 6 tons per 
square inch, the length of the fluid column of steel 
diminished one-eighth in about five minutes. Lately 
he had completed two hollow twin screw shafts for 
H.M.S. Inflexible, this shafting, which had a total 
length of 283 ft., weighing 63 tons instead of 97 
tons, which would have been the weight of equiva- 
lent shafting in iron. The shafts were 17 in. in 
diameter, and were traversed by a 9 in. hole, and 
they were made from ingots of larger diameter, 
which were cast hollow and of course with a larger 
hole, andthenforged down. The metal of which these 
shafts were made had a tensile strength of 40 tons 

r square inch, and stretched 30 per cent. before 
ts ng He (Sir Joseph) had found that he could 
not expel the gases if the metal was allowed to be- 
come semi-fluid; and it was necessary that the 
pressure should be applied at once after the ingot 
was termed. His large press was capable of apply- 
ing a pressure of 8000 tons, The larger the mass 
treated, the better he had found the results of the 
hydraulic pressure. 

Sir J. G. N. Alleyne here inquired of Sir Joseph 
Whitworth whether gases were really driven out, 
whether they were occluded, or whether the result 
of the pressure was that merely vacuous spaces were 
closed up, while Mr, Snelus put the pertinent ques- 
tion as to whether Sir Joseph had found any increase 
in the specific gravity of the compressed steel. To 
the first of these questions Sir Joseph Whitworth 
replied that the gases were expelled, and that it was 
found that the value of the pressure process in- 
creases in proportion to the ductility required ; he, 
however, neglected to reply to Mr. Sneius’s query 
respecting the increase of specific gravity, and un- 
fortunately the point was not pressed. We may 
observe here that it is certainly remarkable that Sir 
Joseph should be so reticent concerning the specific 
gravity of his compressed steel, and that in none of 
the memoirs he has published on the subject has 
he given any particulars as to whether the specific 
gravity of his metal is or is not greater than that of 
sound steel obtained in other ways. We have our- 
selves commented on this point on a former occa- 
sion (vide p. 108 of our twentieth volume), and we 
should be exceedingly glad to receive some definite 
information on the subject. Our present impres- 
sion certainly is that the system of hydraulic pres- 
sure only produces soundness, and does not affect 
the specific gravity of the metal itself. We may 
also observe here that the standard samples em- 
ployed by Sir Joseph Whitworth in determining the 
strength and ductility of his steel have a sectional 
area of half a square inch and a length of 2in., 
and this length must be borne in mind when com- 
paring the elongations with that of other samples, Of 
course with a greater length of test-piece the per- 
centage of elongation would be reduced, as the 
excessive elongation which occurs near the point 
of fracture would then have proportionally less 
effect. 

To return, however, to the discussion on Major 
Butler’s paper. Mr. Snelus, commenting upon the 
reply which had been given by Sir Joseph With- 
worth, said that he had succeeded in making steel 
of the same strength and ductility as Sir Joseph's — 
namely, a tensile strength of 40 tons per square inch, 
and an elongation of 30 per cent.—without having 
recourse to any compressing process. By using 
ferro-manganese he simply avoided making the 
bubbles of gas, and thus the compression was not re- 
quired, 

Major Butler observed, in reply to an inquiry, 
that the press by which the wheel forgings exhibited 
had been produced had a 24} in. cylinder, and was 
worked at a pressure of about 2 tons per square inch, 
it thus being capable of exerting a pressure of about 
1100 tons, ‘The press, he added, did not weld, but 
swaged to form, any welding which had to be done 
being preformed previously, ‘The press and the 
steam hammer were quite distinct, a 2000 tons press 
being, however, about equivalent to aa 80-ton steam 
hammer. The present press, Major Butler added, 
has a cast-steel cylinder, and he then proceeded to 
make a remark which produced the impression 
that such a cylinder could not be made by English 
steel makers. ‘[his gave rise to some discussion, but 
thanks to Mr. Menelaus the matter was thoroughly 
sifted, and it then appeared that Major Butler's 
remarks referred to the productive power of English 
steel makers some ten years ago, ample evidence 
being brought forward to prove that such a cylinder 
could be readily made at the present day at several 
of our steel works. 








COMPOUND SCREW ENGINES: 


PHILADELPHIA EXHIBITION. 


DESIGNED BY THE BUREAU OF STEAM ENGINEERING, U.S. NAVY DEPARTMENT. 
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STRAIGHTENING AND PLANISHING Bars. 

The next paper read was one ‘On the Straighten- 
ing and Planishing of Round Bars as practised by 
Patent Machines at Kirkstall Forge,” by Mr. 
Edmund Butler. This paper, which we publish on 
page 284 of the present number, was a descriptive 
one, and had been more especially prepared to 
afford information to those members who might 
visit Kirkstall Forge on the following day. Samples 
of the bars treated by the process described were ex- 
hibited and showed an excellent finish. No dis- 
cussion ensued on the paper. 


Gass From Buiast Furnace Siac. 


The next and last paper read was one by Mr. 
Bashley Britten, ‘‘On the Utilisation of Blast Fur- 
nace Slag with its Heat for the Manufacture of 
Glass.” This paper we also print ix extenso this 
week on page 283, and it will therefore be unneces- 
sary that we should give an abstract of it. The 
discussion upon it was opened by Mr. Pattinson, 
who observed that there was no doubt that glass 
could be made from slag, but he questioned the 
convenience of attaching glass works to a blast 
furnace. Mr. Snelus, who spoke next, said that he 
had lately been constantly analysing the slag from 
his furnaces, the results showing it to be of a very 
constant quality, and he believed that Mr. Britten’s 
plan for utilising such slag was a good one, and 
involved no great difficulty. He suggested also 
that the molten slag could be easily conveyed in a 
ladle any reasonable distance, as they were now 
carrying the molten iron. The application of the 
system would utilise what is now a waste material, 
and it would probably enable roofing glass to be 
made on a large scale at a reasonable cost, 

Next Mr. E. A. Cowper said that he anticipated 
great inconvenience would result from having a 
blast furnace encumbered by glass furnaces. Even 
at present there was scarcely room about the fur- 
naces for the hot-blast stoves, &c, Mr. J.T. Smith, 
who spoke next, considered that the question was 
more one for the glass makers than for iron makers. 
He (Mr. Smith) would prefer to give the slag away 
rather than go into glass making. At Barrow they 
would be glad to give glass makers three-quarters 
of a million tons per year if they would only take 
it away. 

Mr. Britten, replying upon the discussion, said 
that the reason that glass had not been pepe 
made from slag was that the latter would not pay 
to remelt. The great point in the system of work- 
ing he proposed was that the slag was used in the 
molten state as it left the furnace. The convert- 
ing furnaces, he added, were practically out of the 
way, for as was shown by his drawings, they were 
under ground. In conclusion, Mr. Menelaus ob- 
served that long ago Sir John Guest had tried to 
utilise slag for glass making, and had put up glass 








works for that purpose. The glass works, how- 
ever, were 24 miles trom the furnaces, and the slag 
was used cold, the result being that the experiment 
failed. He also added that some 50 years ago an . 
American gentleman came to this country and at- 
tempted making glass from slag near a blast furnace, 
but he (Mr. Menelaus) supposed that the right mode 
of proceeding was not adopted, as nothing appeared 
to have come of the trial. 

The reading and discussion of the papers having 
been concluded, the members next proceeded to 
consider the invitation from the Motala Iron 
Works, that the Institute should hold their next 
summer meeting in Sweden, this invitation having, 
as we mentioned last week, been read on the pre- 
vious day. Mr. David Forbes, the foreign secretary, 
explained to the meeting the route which it would 
be advisible to adopt in the event of the invitation 
being accepted, and he pointed out generally the 
works, &c., that would be visited. Several members 
present, who had also been in Sweden, spoke upon 
the subject, and the general tone of the opinions ex- 
pressed was decidedly in favour of the invitation 
being accepted. As Mr. Menelaus observed, how- 
ever, those present at Leeds, numerous as they 
were, could scarcely pledge the whole body of the 
Institute to the step, and it was ultimately agreed 
that the Council should ascertain the opinions of 
the members generally by circular and act accord- 
ingly. 

The next business was, the passing of a hearty 
vote of thanks to the President (Mr. F. W. Kitson) 
and the secretaries (Mr. Whitham and Mr. J. Barber) 
of the Local Reception Committee for the ‘‘ exceed- 
ingly complete, thoughtful, and hospitable arrange- 
ments they had made on the occasion of the visit of 
the Institute,” thanks being also recorded to the 
Mayor of Leeds for the welcome he had given the 
Institute, and to the proprietors of the various works 
which had been thrown open to the members, And 
here we may say, that the arrangements made by 
the Local Committee for the Leeds meeting were 
most admirable, and throughout the whole of the 
session not a single hitch occurred. To Mr. John 
Barber the thanks of the members are especially due 
for the energy with which he worked in their 
interests and to promote their comfort. 

The last business of the meeting, was the passing 
of a vote of thanks to Mr. Menelaus for the able 
manner he had performed the duties of President of 
the Institute during his term of office which has now 
expired. This vote was proposed by Mr. Samuelson 
in a brief but very happy speech, and was most 
warmly received. Only those who have attended 
the meetings of the Institute can appreciate the 
manner in which Mr. Menelaus has filled the post of 
President. It has been our lot to attend many 
meetings of many societies sitting under the 
guidance of many men of eminence, but we cannot 
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recall a single instance in which the presidential 
duties were fulfilled with greater ability, tact, and 

niality than have throughout been exercised by 
fir. Menelaus, and the warmth with which the 
motion of the vote of thanks was received by 
those present at Leeds, testified thoroughly to the 
cordial feeling with which he is regarded by his 
fellow members. 

The meeting over the members adjourned to lunch, 
which had been again provided in the Victoria Hall 
by the Local Reception Committee. Subsequently, 
the afternoon was spent in a visit to the Lowmoor 
and Bowling works, while, on the following day, 
three alternative excursions were arranged, namely, 
one to the Lincolnshire iron district, one to the 
Kirkshall Forge, and one to the Monk Bretton Col- 
liery, near Barnsley. The great space taken up by 
our report of the meetings will not permit us, how- 
ever, to say anything of these visits this week, and 
we must leave them to be dealt with independently 
on a future occasion. In conclusion, therefore, we 
need only say that, from first to last, the Leeds 
meeting of the Iron and Steel Institute was a most 
successful one, The attendance was good, the 
papers all dealt with subjects of much interest, the 
discussions were exceptionally well sustained, and, 
lastly, the reception of the members by the engineers 
and ironmasters of the district was distinguished by 
that heartiness and hospitality for which Yorkshire 
has always been famous, 








MINE VENTILATOR. 

Wes illustrate on the preceding page a mine ventilator 
constructed by the Société des Ateliers de Construction 
dela Meuse, and intended to be employed in ventilating the 
mines at Grisou in Belgium. The machine is composed 
of two horizontal steam engines, each actuating the piston 
of an air cylinder. The piston rods are formed in two 
parts connected by a crosshead. The admission of steam 
is regulated by two double-seated valves, actuated by a 
cam-shaft ; the cams upon this shaft have an alternating 
motion given them by a simple arrangement of levers and 
two cataracts, the general disposition of which is shown 
on the drawing. The crosshead uniting the two piston 
rods carries a pair of wheels, which in the course of their 
travel bear upon moving arms, and give motion to two 
counterweights. The fall of these weights, regulated by 
the cataracts, communicate to the cam-shaft, at given 
periods, the motion necessary for the opening and closing 
of the valves, and allow to be regulated at will, the speed, 
the period of intermission, and the relation between the 
commencement of stroke of each piston. Each engine can 
be worked separately, although under normal conditions 
the movement of one controls that of the other. The 
travel of the piston is therefore regulated in such a way 
that one has traversed a given portion of the stroke before 
the other commences or finishes its movement. 

The blowing cylinders are constructed of sheet iron, 
stiffened at their ends by U-irons running around them, 
and at the ends by suitable flanges ; the necessary stiffness 
is imparted to them by this means. The cylinder ends 
are cast iron, slightly coned, this form being extremely 
convenient for arranging the valves, the upper half of the 
ends, carries the outlet, and the lower half the inlet valves. 
The former open into the air, and the latter are in com- 
munication with the shaft, being separated by a partition. 
The valves are of very light construction; they are made 
of No. 18 zinc, and hung freely from two small rings to 
hooks fixed in the cylinder ends. There are 48 valves at 
each end, of which 24 are outlet and 24 inlet. The valve 
seating is formed of a rubber tube covered with cloth. 
The largest possible area has been given to the springs ; 
for both inlet and outlet valves at each end of the cylinder 
the total area is one-third the cross section of the cylinder. 
The pistons of the air cylinder are made so as to combine 
strength with extreme lightness. ‘The form is shown in 
the drawings, and they are built with a cast-iron centre 
and wrought-iron radial arms covered with thin sheet 
iron. The piston is thus double convex, furnished around 
the circumference with a ring of wood in which is fixed a 
packing of very soft rubber. They are each carried by a 
system of four wheels, which run on rails attached to the 
lower part of the cylinder. These four wheels insure 
steadiness and avoid any sticking, so that the resistance 
of the piston is reduced toa minimum. The clear space 
between the pistons and the cylinder en's produces only 
a very small loss in the efficiency of the machine. From 
the diagram, Fig. 2, it will be seen that the resistance to 
the outflow of air, including the lifting of the valves, does 
not exceed .158 in. of water. It may be assumed that the 
clear space between the ends of the cylinder and the piston 
be 19.70 in. ; this space may be called /, and the distance 
the pistons have to traverse in raising the pressure from 
158 in. to 7.874 in. required to ventilate the mine may 
be called x. Atmospheric pressure being 406.70 in., the 
value of x will be given by the equation 
__ 406.70+-.158 — 406.858 _ 5 99 
406.70—7 874—.158 398.608 
and the clearance plus the distance traversed will be 19.70 





S 
i 


X<1.02=20.19 in., so that the lost part of the stroke will 
be .89 in. only, or 3}, of the whole. In the return stroke 
the reverse action will take place, from the maximum 
pressure of 8.031 in. to .158 in. The same conditions will 
rule inversely, and the piston will traverse 2 per cent. of 
the whole stroke before opening the outlet valves. 
According to the diagram, Fig 2, if the surface 6 is 
deducted from a representing the resistances, it will be 
seen that the mean resistance due to the expulsion of air 
and lifting the valves in one stroke is less than .039 in. 
of water. The following are the principal dimensions of 
the machine : q 

in. 
15.75 
137.8 


Diameter of steam cylinder... «+ 
Stroke of pistons ove ons 
Diameter of air cylinder 157.5 
Stroke ... eve —- 137.8 
Volume of air per single stroke 1556 cub. ft. 
Volume taken from mine per 

minute - Bad 42,800 to 53,000 cub. ft. 
Normal pressure oss ves a 7.87 in. water 
This engine, for the engravings of which we are indebted 
to our contemporary the Revue Industrielle, is shown at the 

Brussels Sanitary Exhibition. 








BEMENT’S BORING AND DRILLING 
MACHINE. 

Ws illustrate, on pages 270 and 271, a combined machine 
of unusual dimensions manufactured by Messrs. Bement 
and Son, of Philadelphia. It is adapted for boring 
cylinders of large dimensions, for drilling the bolt holes 
in their flanges, and for surfacing the latter. The bed of 
the machine is 39 ft. long, and it carries at one end a fixed 
standard A, which supports the gearing and boring bars. 
The latter is carried in the hollow spindle D, which slides 
through the spur-wheel X, and is driven through the 
stepped pulleys T. By means of the geared wheels R 
and the screw E, the bracket carrying the whole of the 
boring motion can be raised or lowered. By a special set 
of gearing the bolt holes can be drilled: in the cylinder 
flanges without removing the work. This is effected by 
means of the worm-wheel Z, which is turned by hand 
through the worm A/, and carries with the frame in which 
are set the pinion Y gearing with X, the spur-wheel F, 
and the small pinion carrying the drill L. The drill thus 
can be brought to bear at any desired point of the flanges, 
aud by causing the pinion on the spindle carrying the drill 
to turn around the spur-wheel F, it can be adapted to 
cylinders of different diameters. The form and arrange- 
ment of tables K to which the work is secured, are shown 
in the perspective views and in the general plan. The 
standard I carries the bracket for holding the boring bar 
bearing, as shown in the perspective view; a number of 
these bearings and bushes are provided with the machine 
to suit different-sized boring bars. The height of these 
bearings can be adjusted by means of the screw and gear- 
ing, as shown. The standard I rests upon the central 
ribs of the frame, and is traversed by a screw. The third 
standard, shown on page 271, is used for surfacing work, 
and has a twofold motion imparted to it, transversely by 
the screw M and longitudinally by means of the traversing 
screw of the machine driven by the pulley P/. The bracket 
carrying the moving parts can likewise be ‘raised and 
lowered by a vertical screw, and the cutting tool is mounted 
in the bracket D, and revolves around the spindle C’, driven 
by gearing as shown. 








QUARRYING MACHINERY. 

Amonest the various stone-dressing and working ma- 
chines at the Philadelphia Exhibition is one contributed 
by the Steam Stone Cutter Company, of Rutland, Vermont, 
which we illustrate on page 267. The engine is of six 
horse power, andis carried on a wrought-iron four-wheeled 
frame, running upon rails laid down over the site upon 
which the machine is to work. On each end of the main 
shaft is a flywheel A, carrying a crank-pin to which is 
attached the connecting rod B, which with F is coupled 
to the frame by the pin C. The upper end of the lever 
B passes through a sliding plate attached to the crank-pin, 
and a reciprocating motion is imparted to the lever B by 
the revolution of the flywheel. The corresponding end of 
the lever F passes through a guide G bolted to the bottom 
of the vertical frame shown in the drawing. Motion is 
communicated from the upper to the lower lever by means 
of coupling bars between which rubber blocks DE are 
placed. The end of the lever F passing through the 
guide G gives motion to the group of five cutting tools 
IH. These bars are of steel placed side by side, and 
move in top and bottom clamps, as shown. The two bars 
I have chisel ends set diagonally, while the others are 
square. The middle bar H is wider than the other, 
and extends to a somewhat lower level. By this arrange- 
ment, when the machine is advancing, the front pair and 
the middle chisel operate, and in travelling in the opposite 
direction the rear cutters come into action. Within the 
top clamp there is a series of serrations, in which corre- 
sponding serrations in the chisel bars fit, so as to prevent 
any movement. 

Upon the main shaft is a worm J, which drives the 
wormwheel K, the shaft of which extends diagonally to- 
wards the back of the engine and terminates in a bevel 
wheel. On the rear axle are two other bevel wheels, 





which can be moved to and fro by means of the lever M, 





so that either can be thrown into gear with the bevel 

wheel first mentioned, and the machine is moved to and 

fro by this mechanism. Motion to the cutters is given 

by means of the lever F, which drives them up and down 

the upper clamps serving as guides in the fixed stan- 
rds. 

The machines are made to cut channels at three dif- 
ferent distances apart—4 ft. 6 in., 6 ft. 3 in., and 6 ft. 7 in. 
The standards can be set to any angle between a vertical 
position and one of 45 deg. The number of blows struck 
per minute is 150 on each side, and the rate of advance 
is 6 ft., the depth of cut varying from }in. to 1 in. ac- 
cording to the nature of the material, and channels can 
be cut to a depth of 6 ft., but a depth of 13 ft. in 
sand stone has been cut. Machines are also exhibited 
by the same makers with cutting gear only on one side 
instead of on both, like that shown in the drawing. 








COMPOUND MARINE ENGINES. 

In our numbers for August 18 and September 8 we pub- 
lished some general and detailed drawings of some com- 
pound screw engines, designed and constructed by the 
Bureau of Steam Engineering, Naval Department, Wash- 
ington, and exhibited at the Philadelphia Exhibition. We 
this week publish a two-page plate, and on page 274 
further details, showing the high and low- pressure 
cylinders and valve chests. We shall shortly publish 
further details, and reserve for the present our detailed 
description of the engine. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
good attendance on ’Change at Middlesbrough, and the tone 
of the market was better. No.3 Cleveland pig iron was 
quoted 45s. 6d. per ton, and the other qualities at propor- 
tionate rates. There was a better inquiry, all round for 
iron, and a general feeling was expressed that the worst of 
the financial matters has been witnessed. It is hoped that 
this prevailing opinion in trade circles may prove to be well 
founded. 

The Finished Iron Trade.—A few orders for finished 
iron have lately come into the district, but as the produc- 
tive power is so great there is little perceptible improve- 
pone in this departn ent of the staple industry of the 

istrict. 


The Affairs of Thomas Vaughan and Co.—The statu- 
tory meetingzof the creditors of Thomas Vaughan and Co. 
was held last week in London. Very great interest has 
been felt in the affairs of this gigantic concern since it was 
first known that the firm could not meet their engagements. 
There was a numerous attendance of creditors, including 

ntlemen from Middlesbrough and other parts of the 

orth of England. After some conversation, and the 
examination of Mr. Vaughan, the meeting passed resolu- 
tions deciding upon liquidation by arrangement. It is 
hoped that the works will be carried on. 

The Affairs of Messrs. Swan, Coates, and Co.—On Satur- 
day the statutory meeting of the creditors of Messrs. Swan, 
Coates, and Co., ironmasters, was held 'at Middlesbrough. 
A statement of affairs was submitted, and it was decided 
to liquidate by arrangement. 

The Affairs of the Lackenby Iron Company.—On 
Monday the statutory meeting of the creditors of the 
Lackenby Iron Company was held at Darlington. A state- 
ment of accounts was laid before the meeting, and after 
some explanations of Major Elwin, the chief partner in the 
firm, it was decided to liquidate by arrangement. 

The Coal and Coke Trades.—Owing to a slight improve- 
ment in the iron trade theré is more inquiry for various 
kinds of fuel. 

Engineering and Shipbuilding.—These branches of 
trade continue dull, but it is hoped that in the early part of 
next year there will be a revival. 


The Britannia Iron Works, Middlesbrough.—To-day, 
Wednesday, Mr. Willman, auctioneer, sold at these works, 
Middlesbrough, a portion of the plant without reserve, 
under distress for rent. These works have been standing 
idle for a very considerable time, and the company have 
become further indebted to the mortgagee, Mr. B. Samuel- 
son, M.P. It is feared that it will be a long time before 
these very fine works are again put in operation. 














New South WetsH Rartwayrs.—It appears that to the 
close of 1875 an expenditure of 7,245,379]. had been 
incurred on the New South Welsh Government railways, 
or an average of 16,5001. per mile. The number of pas- 
sengers who travelled on the lines in 1875 was 1,288,235, 
= net earnings for every mile of railway open were 

771. 


ALGERIAN Rartwars.—The first section of the Bona and 
Guelma Railway between Bona and Davivier is expec 
to be completed this month. Upon the second section, 
which 20§ miles in length the earthworks have been en- 
tirely completed for a distance of 15 miles, and they are in 
course of construction on 3} miles more. Out of 57 works 
of art 47 are completed or nearly so; the remai 12 
are nor yet attacked. All the works which have 
finished, have been executed with care and with good 
materials. As regards the Constantine and Sétif Railway, 
it may be observed that the definitive p= of the first 
section between Constantine and the mb have been 
prepared and will be immediately submitted for adminis- 
trative approval. 
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NOTICE TO AMERICAN SUBSCRIBERS, 
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ENGINEERING in the United States, and all subscriptions for the 
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THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr. JOHN BoGart, the 
Secretary of the Society of Civil Engineers at the Cen- 
tennial Exhibition, will, until the close of that Ex- 
hibition, act as the representative of ENGINEERING, and 
communications relating to editorial matters may be 
addressed to him either at the Society of Civil Engi- 
neers’ rooms at the Main Building of the Exhibition, or 
at 1100, Girard-street, Philadelphia. 
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THE STICKING OF SAFETY VALVES. 


Amoncst the victims of the Thunderer, there is not 
a more peculiar case than that of our contemporary 
The Engineer, who seems to have been so thunder- 
struck by the explosion, that it is doubtful whether 
he will ever quite get over the shock. The confusion 
of mind to which he has been reduced, is one for 
which unfortunately the Relief Fund can supply no 
aid; and we therefore submit a diagnosis of the case 
to our readers, the difficulty we have with it being, to 
decide whether it is wholly self-mystification, or 
really a case of genuine natural muddlement. 

On page 169 of The Engineer for September 8, we 
are told that, after learning all that is likely to be 
known on the subject, and being at liberty to weigh 
the evidence carefully and to give free expression to 
the opinions formed, Zhe Engineer's deliberate con- 
clusion is that, ‘‘ The evidence given was conclusive 
on only a single point, and that it really throws 
little or no light on questions which must continue 
to perplex thoughtful men.” 

But having made this divulgement of the numerical 
feature of his conclusions he, in the very next 
sentence tells us that, he has critically analysed the 
evidence of the survivors and the reports of Mr. 
Bramwell and Mr, Fletcher, and that, ‘but three 
indisputably accurate statements can be picked out 
from the mass of matter placed before the jury. These 
facts are, that the stop valve of the exploded boiler 
was closed at, and for some unknown period before, 
the explosion ; that the indications of the pressure 





gauge on the boiler were held to be misleading ; and 
that the two safety valves with which the boiler was 
provided failed to perform the. duty for which they 
were intended. Everything beyond this is assump- 
tion.” 

Surely ‘‘ it must continue to perplex thoughtful 
men” how “ three indisputably accurate statements 
can be picked out from the mass” which ‘‘ was conclu- 
sive on only a single point.” ‘The faculty of number 
is evidently wanting, and this impression is con- 
firmed by other passages. In the same article we 
read that ‘‘ Mr. Phillips claims to have detected an 
infinitesimal creep,” and ‘‘ We have yet to learn in- 
deed that Mr. Phillips possesses the apparatus neces- 
sary to measure dimensions so small as x,y, in., or 
the remarkable skill and practice required in those 
who would use it with effect.” Now the dimension 
referred to was given as .00307 in. or, say, .003 in., 
which is nine times yobs in., so that The Engineer has 
decided against admitting Mr. Phillips’ evidence be- 
cause he reads .003 as equal to soboin. In last 
week’s paper he says he gave ,,/,, not as an actual 
dimension, but in reference to the powers of the 
gauge used by Mr. Phillips. But on the 15th of 
September hedistinctly says that ‘‘ Mr. Phillips gives 
the séssth part of an inch as the-amount of the reduc- 
tion which was effected in the diameter of the valve 
seat,” and it is only when Mr. Phillips corrects his 
exercise in vulgar fractions for him, that he asserts 
that in the one instance it was a slip of the pen, and 
in the other it was not a dimension. 

Mr. Phillips did zoé ‘‘claim to have detected an in- 
finitesimal creep ;” Mr. Phillips stated confidently and 
clearly that he found a permanent contraction of 
the valve seat after his experiments amounting to 
.003 in., and that the whole clearance of some of the 
valves was only .003 in.; the one amount being equal 
to the other. The Engineer writes last week about the 
difference in the expansion of brass poured from diffe- 
rent pots. He says ‘* Now brass isa word that means 
a great deal.” We know it does. We wonderif he has 
made any accurate tests to ascertain the rates of ex- 
pansion of the brass from which he poured the above 
explanation ; itmust have been a valve seat from that 

ot to which he alludes when he says, on page 211 
ast week, ‘‘ If the theoryis pushed to its utmostlimit, 
then, as has been pointed out by our correspondent, 
the legitimate conclusion is thatin time the orifice in 
the valve seat will disappear altogether.” What a 
hardship it is that the editor of a professedly scientific 
journal should, through inability to read decimals 
at sight, misjudge dimensions to the extent of read- 
ing 1 for 9 ; should therefore dismiss the evidence of 
a Government scientific officer whose bread is his ac- 
curacy, as not reliable because he had not proved that 
he could measure with accuracy dimensions ninefold 
more minute than those he had to deal with; and when 
his error is made patent to him instead of apologising, 
and reinstating the experiments in the honourable 
niche which fairly belongs to them, should seek to 
shelter himself in his erroneous pours by any 
baseless hypotheses built up of pure 7 imaginary ma- 
terial selected from what is supposed to be unknown, 
and, therefore, is hoped to be not controvertible. We 
will, however, without much trouble, explode these 
‘‘ most consistent and rational explanations,” 

In last week’s issue of The Engineer, the report of 
Mr. Parker,-. given by us at page 216 ane, is printed 
in full, and in it The Engineer says ‘‘ there is not one 
syllable about the ‘creeping’ of valve seats. We 
have a very simple and definite proposition to deal 
with, namely, that the valve expanded and stuck 
in the seat,” and this is construed into ignoring 
the contraction of the valve seat. And as this 
Journal, before the inquest, gave its readers 
just as minute an explanation of the omplaven as 
any that has been given since, and as ENGINEER- 
ING’s explanation is substantially endorsed in- 
dependently by Mr. Phillips, and is also the sub- 
stance of the verdict given by the jury, Zhe Engineer 
cannot bring. its mind to accept the contraction of 
the valve seat propounded by us, and therefore 
welcomes Mr. Parker, the chief engineer surveyor 
of Lloyd’s, lately a Board of Trade surveyor, as one 
with whom it has no rivalry, an authority whose 
opinions it can respect. And thereupon Mr, Phillips’ 
evidence is discarded because, says Zhe Engineer, 
‘« When the truth of a very important theory comes to 
be demonstrated by a single experiment working 
under great difficulties, we may be excused if we have 
not as much confidence in the accuracy of his con- 
clusions as he could wish.” Now we gladly endorse 
all that our contemporary states about Mr, Parker, 
but we submit for the consideration of The Engineer 
a statement of some experiments made by an engineer 





of equal standing with Mr. Parker, to test the theory 
of centripetal expansion put forth by us as the ex- 
planation of the sticking of the Thunderer’s safety 
valves, ufter he had read our article. The experi- 
ments were made on a more extensive scale than 
those of Mr. Phillips, and with every facility for 
insuring accuracy. Mr. Phillips does not, therefore, 
stand alone, and, moreover, he did not work under 
difficulties, forthe resources of Portsmouth dockyard 
and factory were all at his command. 

Three safety valve seats identically the same as 
those of the —— boiler were made, accurately 
to fit a male Whitworth gauge. When the valve 
seats were on the surface table the Whitworth plug 
was supported by the air in the brass seat; when 
off the table the plug gauge could be easily passed 
into the seat. e have here no measurements to 
perplex by their decimal points, and therefore we 
trust that Zhe Engineer will find our arguments 
comprehensible. The three seats were heated 
in a bath of steam at 30 lb. pressure and then 
the gauge was, we are told, as slack as ‘ditch 
water,” whatever that may mean. One of the 
ring seats was cooled suddenly in water, and 
the other two were cooled slowly. The gauge was 
then tried as at first, and it was found that there 
was. absolutely no apparent difference from their 
original condition. 

A cast-iron ring was then bored out to fit the 
valve seats, and one was driven into the seat with a 
wooden mallet; these were then heated in the 30 lb. 
steam and allowed to cool slowly, when it was found 
that the brass valve seat had become so much 
smaller that it could be taken out easily by hand, 
and the plug gauge, which before was a sliding fit in 
the valve seat, was found to be quite tight now; it 
could not be slid at all, and required considerable 
foree to move it. The experimenter told us 
that he was convinced from this test that further 
heatings would have further reduced the valve seat, 
and he attributes to that action the necessity of oc- 
casionally having to file the edges of the feathers of 
wing valves, valves that had originally been free, but 
which through thecontraction of the brass liner of the 
cast-iron neck had become inoperative—an experience 
well-known to marine engineers. This examination 
of the state of the safety valves is the duty of engi- 
neers, and if the engineers of the Thunderer had had 
their own staff of stokers as labourers, as in the mer- 
chant service, they would no doubt have overhauled 
these safety valves before the last trial trip; but 
actually these valves had never been looked at since 
steam was first on the boilers three years before. The 
experimenter believed he had put in this valve seat 
just as the Thunderer’s valve seats might have been 
put in, with about the same force, and he considers 
Mr. Phillips’ experiment to be a corroboration of 
this one. 

Wesaid we considered this experimenter as equally 
reliable as Mr. Parker, and even The Engineer will con- 
cede this much to us, for it was Mr. Parker himself. 
His report having been prepared at the request of 
the Committee of Lloyd’s Registry, had to be sent 
in through them, and before these experiments were 
made his report was in print, and for that rea- 
son they could not be included in it, but he 
meant to have given the statement in his evidence 
had he been called, and Mr. Parker thus entirely 
endorses our explanations. So much for The Engi- 
neer’s right leg of last week’s ‘‘ most consistent and 
rational explanation of what took place that has yet 
been put forward.” 

What we may call the left leg of his ‘‘ consistent 
explanation,” is the hypothesis that “ At the time 
the valve boxes were opened and the valves removed 
for measurement some three years ago, the two 
valves in the chest of the exploded boiler were 
transposed, or put into the wrong seats. Nothing was 
easier than to do this.” He proceeds then to make 
any differences in the diameters of the two valves 
that -his most consistent theory requires. But did 
The Engineer not verify this theory by seeing 
whether the valves had been interchanged, for 
to use his own words, ‘‘ Nothing was easier than 
to do this.’ The valves were carefully gauged, 
and we think it was the representative of 
The Engineer who was seen with a pair of spec- 
tacles on, examining them, We satisfied our- 
selves on this point, and state it as an indubitable 
fact that the valves were each in its own valve seat. 
That is the last leg gone; his ‘‘ most consistent ex- 

lanation” has therefore nota single leg to stand on; 
ut, after all, there was no difference between the 
two valves, they were tried, interchanged, and the 
clearance gauged, and there was no difference 
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whatever between them, so that this last leg could 
never have existed. ; 

The expansion of brass or of gun-metal by heat is 
almost double that of cast iron ; the difference be- 
tween the expansions of different samples of gun- 
metal is a quantity that practically may be neglected 
in comparison with the difference between the ex- 
pansion of gun-metal and cast-iron, but Zhe Engineer, 
rather than accept our solution based on the larger 
difference, actually asks its readers to assume as 
more rational that the valves and their seats were 
not poured from the same pot of metal, and to 
look to the variation between the expansions of 
different pots of brass as a more rational explanation 
of the sticking of the safety valves. ‘The recom- 
mendation for this explanation is ‘‘it is the most 
consistent yet put forward” ! 

It isa badsymptom of our contemporary’s case, that 
he has handled on different occasions the statement 
that Mr. Phillips’ theory of contraction of the valve 
seat, if pushed to its limit, legitimately leads to the 
closing up of the orifice altogether, and he does not 
yet perceive the fallacy. He need not be in the 
least afraid that “it will in the course of time dis- 
appear altogether ;” that would indeed be going to 
hide in that bourne whence there is no return. 
The limit to the centripetal expansion will be 
attained, when the clearance when cold, and the 
infinitesimal compressions due to the strain of grip 
up to the limit of , elasticity of the brass, to- 
gether equal the difference between the free expan- 
sion of the brass and the iron. 

So far is the contraction stated by Mr. Phillips from 
being unexpected, that at page 105 ante we gave it as 
.003 in., just what Mr, Phillips found it to be. The 
whole clearance required for expansion we there 


calculated to be 15 and of this one-fifth was 


=} 


due to the centripetal expansion of the ring, or 


im = .003. This coincidence is apparently exact, 
and there is nothing left for elastic compression. 
The thickness of the valve seat was by us assumed 
to be }in., whereas itis } in., so that the .003 should 
be .0045, and the difference .0015 represents the 
ane re omg compression, part of which might 

ossibly be afterwards absorbed in contraction. 

he .0045 is the total amount upon which it is 
possible to draw in this “creeping,” and there 
will always be left a small balance that cannot be 
compressed. This possible permanent contraction 
is proportional to the ¢hickness of the brass valve 
seat, and is quite independent of the diameter. 

The Engineer tells his readers that ‘‘so much has 
been said for practically the first time about the 
expansion of valves and the creeping of valve seats, 
that we hesitate to commit ourselves hastily to the 
acceptance of novel explanations of a very lament- 
able event.” Here we are told that The Engineer has 
heard now for the first time of the expansion of 
safety valves, or of the contraction of their seats. 
Did he never hear of how millwrights used to test 
the clearance of safety valves? ‘They used to put 
the valve in boiling water and when thoroughly 
heated try it in its valve seat. That was practi- 
cally dealing with the expansion of the valves. 

ow as to the contraction of a brass seat ina 
cast-iron chamber, we direct him to the Proceedings 
of the Institute of Mechanical Engineers for the 2nd 
November, 1865, page 232. ‘‘ Mr, Naylor explained 
that in the new safety valve the valve itself was 
guided by three wings cast upon it, and not by a 
spindle ; it was then not liable to become stuck by 
corrosion, and the only objection experienced in 
guiding by wings was when the valve seating was 
com of a brass bush let into an iron seat, in 
which case the brass bush being unable to expand 
freely outwards, became tightened upon the valve, 
and caused the wings to bind in the'seating, so that 
the valve could not lift. In the new valves, how- 
ever, the seating was always made entirely of brass, 
so that there was no tendency to nip the wings of the 
valve in expanding.” ‘This, beit observed, is said of 
a2 in. valve; those in the Thunderer were, say, 6 in., 
and the difficulty described proportionately greater. 
The Engineer at page 211 of last week’s issue, says, 
‘* It is a mistake to assume that a valve seat is re- 
duced in diameter by the contraction of a cast-iron 
seat. The fact is that no such contraction need 
take place ; the brass is not allowed to expand as 
much as it would do if it were free, and a molecular 
change takes place long since explained by Tresca, 
which results in a permanent reduction in the dia- 
meter of the brass seat, due to a thickening of the 





ring inserted in the cast iron. We trust that Mr. 
Phillips will find our arguments comprehensible. . . .” 
Does The Engineer comprehend his own argument ? 
we think not. At 105, in our explanation of the 
centripetal expansion of the valve seat, quoted above, 
what we did calculate is this very thickening of the 
valve seat. What The Engineer gives as his argument 
is our explanation of the behaviour of the valve 
seat with Tresca’s name, and if our contemporary 
thinks a rose will smell sweeter if called ‘* Tresca” 
than if called ENGINEERING, we have no objection 
to his presenting one to Mr. Phillips, and carrying 
another labelled ‘‘ Tresca” in his own button-hole, 
with the polite request affixed that it is hoped 
that it will be quite understood that it is not En- 
GINEERING. 

We said, ‘If the brass valve seat is not permitted 
to expand its outer diameter, then the effect of cir- 
cumferential expansion and of radial expansion 
must be an increased radial expansion inwards, The 
reduction in freeness on the diameter of the valve 
will, therefore, be equal to the expansion due to the 
diameter of the valve feathers added to that due to 
three times the thickness of the valve seat.” Why 
have we three times the thickness of the valve seat in- 
stead of ¢wice? Because of the valve seat being 
in one of the three directions not free to expand, 
the expansion in the three directions is reduced to 
an expansion of the same volume in two directions, 
the thickening of the ring and the deepening of 
the ring, each } of the normal linear expansion. 

This is just what was known about the distortion 
of metals before M.'Tresca took up the subject ; it 
is, in fact, just the opposite of what The Engineer 
says it is. M. Tresca’s labours begin just where the 
statement of this principle ends, so that he is quite 
mistaken in introducing the name of that eminent 
experimenter here. The Engineer calls the thicken- 
ing of the valve seat ‘‘ a molecular change long since 
explained by Tresca;” the alteration of form of an 
india-rubber bed warmer by external pressure will 
also be the effect of ‘‘a molecular change” of the 
water it contains, according to our contemporary. 
Now the very opposite is the truth; the valve seat 
becomes thickened because the molecules of the 
metal refuse to change—they assert their right to 
occupy precisely the same space at any given tem- 
perature, whether the valve seat is free to expand or 
is under limitations ; and itis their successful resis¢- 
ance to molecular change that produces the thickening. 
We trust that The Engineer will now, by the as- 
sistance of our explanation, find his own arguments 
comprehensible, and that he will soon get over his 
troubles with the safety-valve problem. 








RAILWAY WORKING AND GOVERN- 
MENT INSPECTION. 

Ir is impossible but the recent inquiry into the 
working of the Somerset and Dorset Railway, and the 
disclosures thereon have awakened in the minds of 
most railway travellers considerable anxiety as to 
their welfare when travelling over lines of a similar 
character ; nor can we suppose otherwise than that 
an equal anxiety must exist in the minds of those 
who possess a material interest in such lines, for 
casualties such as that to which we refer are alike 
disastrous to passengers and proprietors, The mis- 
chief however remains, for until an accident arises 
no inquiry can be instituted, and however loose or 
negligent may be the system, until some tangible 
reason arises, nothing can be done. Rules and re- 
gulations may be framed with the greatest exacti- 
tude and regard to safety. The line may be fitted 
with all the recognised modern appliances and im- 
provements of the day, and everything nec to 
provide against casualty supplied, and yet from want 
of an active and intelligent m ement, an ever- 
present and judicious supervision, be of no avail. 

We do not here quote the remarks of the Govern- 
ment inspector at the conclusion of the late inquiry, 
for we are not desirous of making capital out of 
what we hope, and believe, to be but an exceptional 
case; but itis evident that, practically, under the 
existing powers vested in the Board of Trade such 
acondition of affairs may exist till it reaches its 
climax in a sacrifice of life and property. Nor is the 
power then in the hands of the Government such as 
to enable it to enforce its wishes absolutely. A line 
once approved and its mangement is hence- 
forth in the hands of the proprietors. A line may 
be opened under prospects anything but the 
locality may become popular, and from having no 
prospects at all, its abilities may be severely taxed 
to meet the demands which fall upon it. It is 





evident that under such circumstances its whole con- 
dition is changed ; that which appeared ample for, 
and even far in advance of, its requirements when 
started is no longer sufficient for the due protection 
of its traffic, and had it started under its more pros- 
perous future the requirements of the inspecting 
officer would have been far more exacting. Nor 
would it be little else than a tax upon national 
enterprise were such undertakings to be weighted 
at their start alike with others of greater pretensions, 
It is clear that to do so would be to cast upon ita 
charge which its resources could not realise, and 
thus to render the scheme abortive at its very 
outset. Nor would this course, even if adopted, 
meet the question for there would still remain the 
administration of the duties involved. In this rests 
the security of a line as much as in its appliances, 
Experience has shown that a line carefully super- 
vised, even when not provided with all these ap- 
pliances recognised as necessary to check error and 
thoughtlessness, can be worked with as much freedom 
from accident as others ever so efficiently equipped, 
yet ill supervised. Quoting from the last official 
annual report on accidents on railways we find the 
number of causes set down as contributing or 
combining to produce the 161 investigated accidents 
for the year as 372. Of these the greater portion of 
the following may be set down as preventable under 
an efficient and judicious supervision and manage- 
ment, viz. : 
Defective maintenance of road or works ... 
Insufficient or defective accommodation for 
the requirements of the traffic... ass 
Insufficient establishment, long hours, or 
inexperienced servants ... ove os 
Insufficient brake power a ade eee 
Defective arrangement of signals or points, 
or want of or defective locking apparatus, 
or want of safety points or locking bars 
or bolts sa pe eee wr sie 
Insufficient or inadequately enforced regu- 
lations eve toe ~ eve - 
Defective system for securing intervals be- 
tween trains, or want of telegraph com- 
munication or of block system see 


Total i _ ace a 

Negligence, want of care, or mistakes of officers 
is set down as contributing no less than 126 causes. 
But for the reason that such will ever exist, this 
item, heavy as it is, has been wholly excluded from 
the foregoing list, but it must be conceded that 
under a careful administration it would scarcely 
enter to such an extent asis the case at present. 
Meeting the growing requirements in time, by the 
establishment of additional checks, would practically 
remove from these officers the power to commit 
such errors. For the rest, however, there can be 
no question as to the causes quoted coming fairly 
under the head of preventable. Some of them 
might possibly continue, but it is not credible this 
should be the case to anything approaching the 
figures given, 

We are not arguing in the direction of a Govern- 
ment railway scheme, but some means by which 
an effective maintenance, accommodation for the 
traflic, a sufficient establishment, a proper arrange- 
ment of signals and locking gear, a judicious em- 
ployment of the block, and above all, a well defined 
code of regulations, combined with a proper super- 
vision, can be obtained, becomes a necessity, not 
only for the traveller, but for the capitalist. This 
can only be secured by extending the present 
powers of the Board of Trade, and imposing upon 
the railway inspecting officers the duty of an annual 
inspection of every railway in the kingdom. Nor 
do we think such a course at allinoperative, or that 
it would be viewed with dissatisfaction by any one 
portion of the community possessing any interest 
whatever, personal or other, in railway pro- 
perty. Its modus operandi would conform precisely 
with that now pursued in the examination and in- 
vestigation of accidents, The i ing officer 
would make his report, and the onus of giving effect 
to it or not woah rest with the directors of the 
company. These reports would be associated with, 
and forthcoming in, any inquiry which disregard of 
their recommendations, culminating in an accident, 
might give rise to. In fact we should then simply 
be putting the horse before the cart, as now we put 
the cart before the horse. In the one case recom- 
mendations would come Jdefore the accident, whilst 
now we wait for the accident to P cary the recom- 
mendation. As now, so then, these reports would 
not enforce upon companies the adoption of their 
recommendations, but should after occurrences 
show they were sound and necessary to the preser- 
vation of life and property, the charge of neglect 
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would rest with a higher authority than is now the 
case. It would relieve many an executive officer of 
his greatest difficulty and place directors more above 
that parsimonious policy which is now enforced 
upon them by a proprietary whose main object is a 
return for their money—a result but too frequently 
averted by the very course pursued, Indeed, what- 
ever moral influence the present system possesses, 
that influence must be largely extended under the 
course suggested. The executive of every railway 
would be strengthened ; rules not only established, 
but enforced ; the growing requirements of an in- 
creased traffic fairly met; and the public safety 
materially enhanced. 

But all this can only be secured at the costof an ex- 
tended staff, and of a staff sufficiently eminent in its 
character to establish at the outset a claim upon the 
respect of every railway managementand all branches 
of the general public. Such an extension of the duties 
of the Board of Trade would at the same time admit 
of the introduction of the civil element for the per- 
formance of these duties—men experienced in rail- 
way management, in mechanical application and 
other engineering qualifications, and in electrical 
science. We desire to acknowledge in the fullest 
sense possible our high appreciation of the manner 
in which the duties devolving upon those gentlemen 
who at present represent the railway branch of the 
Board of Trade department are discharged; but it 
is clear that a mere abstract knowledge of any 
one branch of a railway service, however perfect a 
knowledge may be possessed of other parts, scarcely 
qualifies any one person to deal with questions 
arising purely out of that branch of which he has 
but the abstract knowledge. Electricity now enters 
so freely into railway working that its application in 
this field is fast forming a science of its own. None 
but those who have studied it in such a sense—in 
theory and in practice—can competently discrimi- 
nate between its proper and its improper applica- 
tion, In illustration of this we may quote the case 
of a collision which occurred on one of the Scottish 
lines no great time since, where one beat on the bell, 
accompanied by the lowering of the electric sema- 
phore arm, constituted the clear signal. The indi- 
cating instrument failed. The line had to be worked 
by the bell alone. A signal composed of two beats 
was stated to have been sent from one box to the 
other. It was received there as one beat, and as 
such represented the clear signal for the train then 
in the section. This train had been brought to a 
stand however at the box in advance—a fog pre- 
vailed. Another train was sent in and a collision 
ensued, Now had any other code of signals been 
in use it may safely be averred that such a mishap 
could not have arisen. And it may further be 
averred that no electrician conversant with block 
signalling, and the errors which may arise from 
failures of this character, would ever have framed 
such a code, A flash of lightning alone might pro- 
duce such a signal. In fact, on the 25th of Sep- 
tember, last year, an accident arose at Croydon 
from this very cause—the indicator of the block in- 
strument and the bell being both actuated by the 
passage of lightning through the instrument. Had 
the clear signal in either case been confirmed by 
three beats, instead of one beat, no such mistake 
could have existed. All such possibilities and pro- 
babilities are known, and can only be known, to 
those those having experience of them. From the 
fact, however, that casualties have arisen from such 
causes we can but conclude, in this as in other 
points, there is room for a guiding hand, and it is 
certain that this hand can best be found amongst 
those to whom the science has become a profession. 
Much as electricity already enters into railway work- 
ing, it must as an auxiliary, and as traffic increases 
be very much more employed. Signals, points, 
sidings, all these must be protected by records or 
means, independent of the pure and simple block 
system of the day. Railways present a large field 
for the enterprise of the telegraph engineer, a field 
which may be made fruitful alike to the service and 
to the science, but its application must be judicious, 
the result must not belie the promise. The source 
is there, and it only requires to be properly used to 
produce good and profitable results. Railway com- 
panies are prone to mistrust its powers, and in cases 
to entrust its management to men who know little if 
anything about it, but it is nevertheless an agent, the 
value of which, to railway working, cannot be over- 
estimated. The commercial arrangements of each 
undertaking must naturally remain in the hands of 
its promoters ; it is with its engineering qualifications 
such an inspection as we have spoken of would be 





called upon to deal, and none can doubt but it would 
add to the general security of railway traffic and 


railway property. 





THE HULL HYDRAULIC POWER 
COMPANY. 

Or late years the principle of co-operation has 
been very largely developed in many directions, 
and it is with satisfaction that we are able to notice 
a further extension of the system to the supply of 
motive power. At Schaffhausen, and at other places 
on the Guniinend, there have been attempts, which 
have met with considerable success, to utilise the 
power of the flow of the rivers on a large scale, and 
to distribute the force thus obtained, by means of 
high speed ropes and other appliances, to different 
factories in the neighbourhood of the euppiy. The 
works just completed by the Hull Hydraulic 
Power Company are, we believe, the first which 
have been carried out with the object of sup- 
plying the public with motive power in the form of 
hydraulic pressure on the system inaugurated by 
Sir W. G. Armstrong, and so successfully applied 
to the requirements of docks and railways. ‘That 
system, as most of our readers know, does not differ 
essentially from an ordinary water service, in which 
the necessary head of water is obtained by pumping 
direct into the mains against the pressure in an air 
vessel or stand pipe. ‘The difference consists in the 
higher pressure employed—generally from 600 lb. to 
8001b. per square inch—and in the use of dead weight 
accumulators for maintaining a uniform pressure and 
allowing for the variation in the rate of consump- 
tion of the water. In nearly all towns where 
a good pressure in the water mains exists, the force 
due to the pressure is being utilised with great ad- 
vantage for the working of cranes and hoists and 
other purposes, and the water is generally paid 
for at a rate per 1000 gallons consumed, ‘The 
pressure in the ordinary water mains of a city rarely 
exceeds 60 lb. on the square inch, and it is obvious 
that if the pressure were increased to 600 lb. on the 
square inch, only one-tenth of the water would be 
used to do the same amount of work, and the machi- 
nery employed to utilise the ee need be only one- 
tenth the capacity. The higher pressure also gives a 
greater speed and certainty of action. 

What the Hull Hydraulic Power Company have 
done is to lay a main of about a mile in length 
through the streets bordering the Old Harbour 
at Hull, in which are built most of the public 
wharves and warehouses of the city. This main 
is charged at a pressure of 600 lb. on the 
square inch by pumping engines erected at a 
convenient spot on the line of main, The water is 
obtained from the Old Harbour ‘or River Hull. 
Not the least important point in the value of such 
an undertaking is that the water being used exclu- 
sively for working machinery does not require to be 
of aquality necessary for domestic purposes, and there 
are but few towns where the supply of pure water 
is so ample that the utilisation of inferior supplies 
is a matter of no moment. 

Any person on the line of main requiring to use 
cranes, or hoists, or printing machines, hydraulic 
presses, &c., has thus at his door a simple and econo- 
mical power available at any moment by paying 
only for the amount he actually uses. In fact, 
the consumer can buy his power in the same way 
as he buys his gas, and with no more trouble in the 
one case than in the other. There are several other 
advantages in the system which will at once occur 
to the reader, such as the reduction of the risk of 
fire in warehouses, through the substitution of water 
for steam power, and the saving of room effected 
by dispensing with boilers and.engines. ‘The water 
mains required for the system, though of great 
strength, are not of large size. The main laid at Hull 
is 6 in. in diameter, which will be ample for 
all requirements there, and would probably be 
seldom exceeded should the system ever come to be 
adopted in the largest cities of the kingdom. The 
Hull Hydraulic Power Company obtained the 
necessary Parliamentary powers for carrying out 
their undertaking in 1872, but nothing was done 
further in the matter until the early part of the year 
1875, when mainly through the exertions of Mr. E, 
B. Ellington, the managing-director of the Hy- 
draulic Engineering Company of Chester, the scheme 
was fairly started. Several difficulties were met with 
owing to the obstructions of the old gas and water 
mains and drains, and also where the main crosses 


the chief entrance to the Queen’s Dock, the pro- | pe 


perty of the Hull Dock Company, and the oldest of 





the numerous docks open and in course of con- 
struction belonging to that influential corporation. 
The difficulties have, however, been successfully 
overcome, and the Hull Hydraulic Power Company 
is now about to commence active work. wo 
pe of pumping engines of 60 horse power each 

ave been erected, and the engine-house has been 
built to accommodate two other pairs of the same 
size, which will be added as the demand for the 
power increases. The engine-house is covered by 
a cast-iron tank into which the water is pumped in 
the first instance from the river, and allowed to 
settle before being pumped into the main, A mini- 
mum charge is to be made to consumers according 
to the size of the machinery to be worked, amounting 
for an ordinary river side warehouse crane to about 
52/7. per annum, and the cost of working will amount 
to about $d. for each ton lifted 40 ft. A good 
illustration of the favour with which the scheme is 
regarded in Hull is to be found in the fact that the 
Hull Dock Company are now laying a main of their 
own along the Queen’s Dock to connect to the Power 
Company's main near the dock entrance, with the 
intention of renting the power from the company 
for working the cranes and other lifting appliances 
at that dock. The works have been carried out 
under the superintendence of Mr, H. Robinson, C.E., 
of 7, Westminster-chambers, the engineer to the 
company, assisted by Mr. F, W. Tornton, the resi- 
dent engineer. The machinery was designed and 
manufactured by the Hydraulic Engineering Com- 
pany. We wish the 4 every success in their 
spirited undertaking, and in the present dearth of 
industrial enterprise it is satisfactory to see an ex- 
periment tried which may eventually lead to an 
outlet for capital in a new direction, for it is evident, 
if successful in Hull, there must be many of the large 
cities where the system would prove of the greatest 
public advantage. 





THE LOCAL GOVERNMENT BOARD. 


THE last annual report of this Board has just been 
issued, and contains a large amount of information 
in respect to the social state of England. Despite 
the perhaps almost unprecedented depression of trade 
there was during 1875 a decrease of nearly 24 per 
cent. in regard to the relief of the poor, being an 
expenditure of 176,480/. less than in the preceding 
year. This gives per head of population a charge 
of 6s. 34d. against 6s. 6d, in 1874, which has shown 
the lowest proportion since 1866. This reduction in 
charge is attributed to the exertions which have been 
made by the guardians of parishes to improve the 
administration of laws of poor relief, both in respect 
to in-door and out-door aid to paupers, To a large 
extent this may be true, but at the same time some 
credit must be given to the improved status in regard 
to our working population, as evidenced by the 
savings banks’ returns in respect to both the postal 
and old banks, The strikes that have occurred in 
most of our manufacturing districts ought to have 
apparently led to a diminution of the savings banks’ 
balances in favour of depositors, but they seem not 
to have been shown by statistics. 

It is satisfactory to find that, in regard to sani- 
tary matters, the attention of local authorities seems 
now well aroused. By the Public Health Act of 
1875, which was chiefly a consolidation of previous 
Acts that few understood and still fewer of local 
authorities put into practice, a long-desired reform 
was commenced, and many difficulties that pre- 
viously existed were either remedied or removed. 
It is satisfactory to learn that, during 1875, the 
sanitary officers of all kinds were much increased in 
number, by the Local Government Board's sanction, 
at the request of local authorities. In respect to 
medical officers, the increase amounted to 64; and 
of inspectors of nuisances, to 53. But still, the entire 
amount of such officers, of both classes, is really far 
below the requirements of the country. It appears 
that the total amount of such appointments made 
since the passing of the Act of 1872, by which the 
Board came into action, amounts to about 1600, 
giving almost an equal amount of medical officers 
and inspectors of nuisances—actually 807 to 808. 

These medical officers—often, if not always, en- 
gaged in private practice, in some cases lectuirng 
at hospitals — and also undertaking other duties, 
must either have iron constitutions or the power of 
ubiquity. ‘Taking a metropolitan parish, we may in- 
stance the case of it possessing ove medical officer 
for a population now amounting to nearly 300,000 
rsons. ‘This officer has and holds the additional 





offices to which reference has just been made. 
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In respect to the in rs of nuisances, they 
are, as a rule, compelled to devote their whole 
time to their duties, consequently the more effi- 
cient they are, the more are the medical officers 
forced, or rather should be, to action. Fortu- 
nately the Local Government Board has the con- 
trol of both classes of officials, but their small staff 
of engineering and medical inspectors leaves much 
to be left undone in regard to sanitary improve. 
ments, We must not forget, however, that there 
exists a class—the borough surveyors and engineers 
—to whom we are largely indebted for the origin 
of many of our best sanitary measures, They have 
at present been entirely ignored by the Govern- 
mental officials, but they have made their position, 
and may be properly ranked as the best of our 
social aids in regard to public health. 

A very satisfactory point in the Report of the 
Local Government Board is that which deals with 
the amount of loans that have been sanctioned for 
public improvements in water supply, paving, sew- 
erage, &c. Under the Act of 1848 and up to 
1858, the amount of such loans was but about three 
millions, that is,in about ten years. But from 1858 
to 1871, theamount exceeded seven millions, Since 
the latter date the annual amount of loans has largely 
increased, and in 1874-75 the total largely exceeded, 
in-the same districts, that of the ten years which 
followed the passing of the Act in 1848. The total 
of the loans so sanctioned to the end of 1875, to 
urban and rural districts, amounted to 15,600,000/. 

From these facts we find that the majority of the 
local authorities in England have at last determined 
to reduce their poor rates by increasing their expen- 
diture in sanitary improvements ; or, in other words, 
they have determined on a course in which.common 
sense has replaced ancient ignorance and prejudice. 
One temptation to this course may have been the low 
rate of interest at which the loans are advanced ; 
and possibly, if the value of money rises, some check 
may be given to this sanitary progress. Perhaps, 
also, it may not be out of place here to suggest that 
the amount of loans sanctioned by the head Board 
may in some cases be too large for the intended pur- 

ose, as it is by no means wie Sore yo that personal 
interest, among some of the local authorities, may 
be involved by way of ‘ commission” or otherwise, 
in making the amount of contracts larger than 
needful. We have met with one instance of this kind 
at least, 

The power of the Local Government Board to 
confer urban powers on rural authorities seems to 
have been eagerly accepted, considering that, in 
1875, there were fifty-eight of such agreements 
effected. Much advantage arises from such arrange- 
ments, especially in regard to unity of action and 
economy of administration. 

It appears the Board has not been remiss in 
putting into force its compulsory powers, which 
are practically unlimited under the 49th section 
of the Act of 1866, and confirmed by subsequent 
Acts. This a point to which we have recently 
drawn attention, but we may repeat, that in the 
case of defective sanitary arrangements, whether of 
sewerage, water supply, &c., if a number of rate- 
payers, of their own action, but supported by ade- 
quate evidence, chose to forward a memorial on the 
subject to the Local Government Board in London, 
the latter willat once send an inspector to examine 
the allegations of the memorialists. In the event of 
the statements of the latter being substantiated, the 
local authorities will at once be forced to commence 
the necessary improvements, ani if dilatory, legal 
proceedings will be taken. Failing all other methods 
the Board has the power to do the necessary work, 
and, if needful, to sequestrate the funds or property 
of the authorities in payment of the expenses in- 
curred, 

Numerous other duties, to which we have not 
alluded, are incumbent on the Local Government 
Board. What they have done seems to have been 
well done, and although they are only in the 
initiative of their powers they seem to have exercised 
them well, considering their limited anc numerically 
inefficient staff. 





MANGANESE BRONZE. 

Some time since (see page 152 of our last volume) we 
a we an article upon a new alloy introduced by Mr. 
», M. Parsons under the name of manganese bronze. In 
that article we called attention to the remarkable results 
obtained by the addition of certain proportions of manga- 
nese to ordinary gun-metal, the most striking being the 
increase gained in tensile strength, and the ease with 
which bars so treated can be forged. The above com- 
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parative tests recently made with bars of wrought iron 
and manganese bronze show the transverse strength and 
toughness of the material. The bars of each metal were 
1 in. square and 14} in. long, and they were placed upon 
supports 12 in. apart. They were tested by a weight of 
50 Ib. falling through a distance of 5 ft. 

Staffordshire iron was used in the specimen first tested, 
No. 1 was ordinary, No. 2 best mitre, and No. 3 best s.c. 
iron. Of the gun-metal specimens, Nos. 1, 2, and 3 were 
of the qualities ordinarily in use; Nos. 4,5, and 6 were 
specially made, and of the following proportions : 

Nos. 4 and 5... Copper 16 parts, tin 2 parts 

No. 6... eee ” ” 
Of the manganese bronze samples, Nos. 1, 2, and 3 were 
of the quality manufactured for purposes in which strength 
and toughness are required ; No. 4 is adapted for purposes 
in which hardness and resistance to abrasion are the 
special necessities. Nos. 5 and 6 were forged, and were 
especially suitable as material for bolts or other forgings 
in which strength and elasticity are required. The last 
specimen was annealed. The results obtained in the ex- 
periments, as given in the Table, show that the manga- 
nese bronze specimens gave as much resistance as the 
iron bars of the best qualities. 


” ” 





NOTES FROM THE SOUTH-WEST. 
Celynen Collieries. — Sinking is being energetically 
pushed on with at these winnings of the Newport Abercarn 
Company’s collieries. The No. 5 seam of coal, with a 
valuable bed of fireclay 4 ft. thick lying underneath, has 
been passed through, and about 20 yards only now remain 
to be sunk to the celebrated ‘‘ black vein’’ seam. 


The Water Question at Cinderford.—A report of Messrs. 
Gotto and Beesley, of Great George-street, Westminster, 
the engineers carrying out the sanitary works at this place, 
has been received, and estimates and plans are furnished as 
suggested by Colonel Cox, of the Local Government Board, 
for the extension of the water supply to Drybrook, Harry 
Hill, and Ruardean Hill. 


Spontaneous Combustion.—At the last meeting of the 
Cardiff Chamber of Commerce, Mr. E. 8. Hill made a state- 
ment, based upon experience, to the effect that while smelt- 
ing coal is liable to spontaneous combustion, steam coal is 
merely liable to explosion from the accumulation of gas. 


Maenclochog Railway and Slate Quarries.—Maenclochog 
is about eight miles from Clynderwen Station, on the Great 
Western Railway, between Haverfordwest and Whitland, 
and a railway has recently been constructed to Rosebush, 
near the quarries, by the proprietors, Mr. Cropper and Mr. 
Macaulay. The railway been built primarily by these 
gentlemen for the development of the quarries, but it will, 
nevertheless, be open to the public. The total length of the 
line from Clynderwen to Rosebush is eight miles five fur- 
longs, and the line is said to be as substantial and good a 
one as could be constructed, taking into account the weight 
of the rails and the general design of the works. At any 
rate, the line is calculated to carry the heaviest engines 
used on the great trunk railways. The gradients are 
heavy in some places, but they are quite workable with 
a powerful engine. The new railway forms a junction 
with the Great Western at Clynderwen Station, and thence 
proceeds by a third line, laid down by the Great Western 
Company, for a distance of 1} mile, when it branches 
towards the north, over an embankment of 22ft. The line 
then wends its way through a cutting composed of clay and 
shale, which caused the contractors great trouble, owing to 
the large quantity of water found below formation level. 
Numerous springs which were met with have now all been 
tapped, and the water is conv away by a drain running 
up the centre of the cutting, which has converted what was 
& spongy and quicksandy bottom into a perfectly firm and 





solid formation. This cutting is by a road from 





Egremont, and at this point there is a brick bridge. About 
three quarters of a mile on is the River Cleddan, and this 
is spanned by a bridge of one arch of 50 ft. span, at an 
angle of 47 deg., built in limestone from Tenby. Halfa 
mile further on is the Vreafa Wood, which is passed 
through by side cuttings, in one place a heavy retaining 
wall having been erected as a support. The line next 
crosses a stream by a 15ft. girder bridge, and proceeds 
along the valley on the right side by a side cutting to 
Llanycefa Station, situate at the crossing of the stream by 
the road to Maenclochog. Ample accommodation is pro- 
vided for the farmers in cattle passes and level crossings, 
and from this point there are no particular works to notice. 
The line is carried on the right-hand side of the valley by 
side cuttings and banks until about five miles and a quarter 
are open when there is a heavy embankment 46 ft. high 
crossing the valley and stream, which here takes a sharp 
turn to the right, the stream being passed under by an 8 ft. 
culvert. A long and deep cutting through the slate forma- 
tion is then entered from which about 35,000 cubic yards 
of rock have been excavated. At the end of the cutting a 
small but deep valley, running to the east by a bank 41 ft. 
deep, is crossed, and then almost immediately a tunnel of 
about 100 yards in length, driven through the rock, is 
entered. The line is next carried on on the left hand side 
of the hill by side cuttings and banks until the cutting 
below Maenclochog is entered. This is nearly half a mile in 
length, and passes under the public road at Gilmoor Arms, 
which is carried over the railway by an arched bridge, 
built in slate rock. Maenclochog Station is then reached, 
and there are here cattle landings and coal and lime yards 
provided, besides accommodation for passengers. In. all 
there are twenty-six over and under bridges on the line in 
the course of seven miles and a half. The consulting 
engineer of the works has been Mr. Macdougall Smith ; 
the resident engineer, Mr. Hurst. The contractors were 
Messrs. Jones and Jepsom of Neath, and the signals aud 
locking gear were put up by Messrs. M‘Kenzie and Holland, 
of Worcester, 

Trade Matters.—During the week an improvement has 
been shown in the exports from Cardiff, but there has been 
no change for the better in prices, and profits are conse- 
quently small. Freights continue low, and the branch of 
trade which shows the smallest amount of vitality is the 
house-coal trade, which is less active than is usually the 
case at this season of the year. At Newport, a change for 
the better is shown, both in the import and the export 
trades. 

Neath Water Supply.—On Monday, the Neath Town 
Council discussed at length a proposal to purchase the local 
water works, and a resolution was passed that the water 
company should be offered 25,000/. for the Neath under- 
taking, or 30,0001. for the Neath and Briton Ferry under- 
takings, or any such sum as a Board of Trade arbitrator 
might consider reasonable. 


Taunton Waterworks Company.—This company has 
agreed to the sale of its rights, powers, privileges, premises, 
and property to the Local Board of Health for 20,0001., to 
be paid on the 24th of June, 1877. The company has been 
led to take this step from several causes, the first of which 
is the pressure which has been put upon it to give a con- 
stant, instead of an intermittent service. To obtain fresh 
supplies of water, it would be necessary to go to Parliament 
for power to raise new capital, and probably for compulsory 
powers to bay up certain water rights. There were also 
certain legal intricacies, which threatened to involve the 
company in a great expenditure. 





American IRoncLADs.—Of the ironclads of the United 
States navy, seven are located at Port Royal, South 
Carolina, and two at Norfolk, Virgtnia. At present each 
of them is in charge of a lieutenant, ten sailors, and five 
marines. Their engines are in first-class order, their turret 
guns are exercised every Monday, and all their machinery is 

ept well conditioned. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig Iron Market.—On be ae last a good 
deal of buying went on at 56s. 44d. to 56s. 6d., one month 
open ; and on Friday, when several makers advanced their 
rices, a large amount of business was done at 56s. 6d. to 
s. 9d. cash, and 56s. 10}d. one month open. This advance 
induced many holders to realise, and at the close there were 
still sellers at 56s. 9d. fourteen days. The market was 
steady on Monday forenoon, with business done in warrants 
at 56s. 8d. cash and 56s. 10d. one month fixed, closing 
rather buyers at those prices, sellers asking 1d. per ton 
more. There was a strong market during the afternoon, 
and business was done at 56s. 9d. eight days and 56s. 10id. 
fourteen days, buyers 56s. 8d. cash, sellers 56s. 9d. Yes- 
terday’s forenoon market was very strong, with business 
done at 57s. 14d. cash and 57s. 3d. one month open and fixed, 
closing buyers 57s. cash and sellers 57s. 3d. The market 
was steady in the afternoon, buyers offering 57s. cash and 
57s. 14d. one month, sellers asking 13d. per ton more. 
Several makers raised the price of their No. 3 iron 6d. per 
ton yesterday. The market was again very strong this 
forenoon, and a large amount of business was done in war- 
rants at 57s. 44d. to 57s. 6d. cash, and from 57s. 6d. to 
57s. 74d. one month open, closing with buyers at the top 
prices, sellers asking 1}d. per ton more. No business was 
reported in the afternoon, buyers 57s. 6d. cash and 57s. 73d. 
one month, sellers 1}d. per ton 4 my The prices of Glen- 
garnock and Carnbroe iron have been advanced 6d. per ton 
all round. There is certainly an improved appearance in 
the state of the iron trade, but the immediate cause of the 
advance in the price of pig iron seems to be the increased 
demand for shipping iron, more especially to the Continent. 
Last week’s shipments amounted to 9727 tons, as against 
10,164 tons for the corresponding week of last year. Up 
till Friday night the stock of warrants with Messrs. Connal 
and Co. was 87,393 tons, the increase for the week being 
2519 tons. There is no alteration to report in the number 
of furnaces at present in blast, the total still remaining at 

118, as against 113 at the same time last year. 


The Manufactured Iron Trade.—Very little change can 
be reported regarding the condition of the manufactured 
iron trade. At several works there is onlya “‘ hand-to- 
mouth” business doing, but that is certainly not the rule. 
The Dalziel Iron Works, Motherwell, are very brisk ; 
orders are regular but not heavy at the Shieldmuir and 
Milnwood Iron Works, where the manufactrre of sheet 
iron is principally pursued ; at the Clydesdale Works (Bain 
and M‘Corlindale’s), where plates are extensively made, 
there are large orders on hand ; and at Mossend business 
isin a tolerably good condition. There are no marked 
symptoms of improvement at the Motherwell Works of the 
Glasgow Iron Company. 

Discovery of a Deposit of Hematite.—Traces of hematite 
ironstone have frequently been discovered within the last 
two years in the high ground to the south and south-east 
of the railway station at Newton Stewart, but not in 
workable quantities. Last week, however, while some men 
were sinking a public well in Dashwood-square, there was 
found at a Septh of 27 ft. a deposit, about 12 in. in thick- 
ness, of what has been pronounced to be good hematite. 
The discovery has excited a great amount of interest in the 
district. Lead ore is found at no very great distance from 
Newton Stewart. 


Visit of Consulting Engineers to the North Pier Exrten- 
sion Works, Aberdeen.—Sir John Hawkshaw and Mr. James 
Abernethy, who have now for a number of years been 
associated together as consulting engineers to the Aberdeen 
Harbour Commissioners, recently visited the city and 
inspected the works in progress for the extension of the 
North Pier, both when the tide was well in and at low 
water. They met the members of the Harbour Board in the 
county hall, when a conference took place regarding the 
questions upon which the advice of the engineers is desired 
—wheth2r the North Pier should be extended another 500 ft., 
and whether that extension or other measures may be 
fairly expected to aid in sweeping away the bar and deepen- 
ing the harbour entrance. These subjects have given rise to 
a considerable amount of controversy in Aberdeen, and 
several builders, owners, and commanders of vessels and 
other gentlemen connected with the port—and also Sir 
George B. Airy, Astronomer Royal—wrote opinions re- 
garding them, which have been printed, copies being 
furnished to Sir John Hawkshaw and Mr Abernethy. 
In the course of the conference both the engineers 
emphatically gave it as their opinion, that the sewage of the 
town should no longer be discharged into the entrance 
channe!, and they also pressed upon the commissioners 
the propriety of entirely removing the old south break- 
water. It is expected that in the course of the next few 
weeks, the two eminent engineers will be able to submit 
their joint report upon the matters submitted to them for 
their professional opinion. 


A Mechanical Navvy.—Messrs. Chaplin and Co., Cran- 
stonhill Engine Works, have just finished the construction 
of a steam navvy or excavator, the first machine of the sort 
which has been made in Glasgow. It is a very large and 
powerful piece of mechanism, and it embraces various in- 
genious features. There is a confident hope that it will 
execute the work for which it has been designed. During 
the past week many persons have inspected it in action. 


Death of Mr. Charles Ower, O.E., Dundee.—This gentle- 
man died suddenly at his residence on Wednesday week. 
He was connected with the Dundee Harbour for more than 
thirty years. For some time he acted as assistant to Mr. 
Leslie, C.E., before the removal of the latter to Edin! h, 
was subsequently a resident engineer, and on hi 
health beginning to fail rather than lose his services he was 
retained by the trustees as consulting engineer. The Cam- 
perdown was constructed from his plans, and he 


rendered material assistance to Mr. Harrison, C.E., 
London, when that gentleman was preparing plans for 
alterations on the Victoria Dock. r. Ower, at the re- 
quest of the Dundee and Arbroath Railway Company, 
arranged the station to the eastward of Trades-lane, now 
known as the Arbroath Station. He also prepared plans 
for a ciccular line of railway connecting the Dundee Har- 
bour with the higher parts of the town, a scheme that is 
likely to be sooner or later carried out. business 
matters his opinion was considered valuable and his advice 
was frequently sought. He had drawn around him a wide 
circle of friends, who will much regret their loss by his 
unexpected death. Mr. Ower was upwards of sixty years 
of age, and leaves a widow and two sons. 








ORIGIN OF MOTION. 
To THE EDITOR OF ENGINEERING. 

S1z,—Your contributor of the series of articles under the 
above heading expresses a desire at the close of his letter 
in your issue of September 8th, for me to repeat more at 
length a previous question. With your kind permission I 
will gladly do so, because I believe an important question 
of science is under discussion. It is immaterial to me 
whether “action at a distance’ blocks or facilitates 
scientific progress; truth is the main question; either 
** action at a distance’’ is a foundational scientific truth, or 
there is no truth in the assertion ; if true, it is no block to 
scientific progress, and theories constructed however 
feasible and plausible in defiance thereof are as the ‘‘ baseless 
fabric of a vision,’ but if it can be shown vity is 
impotent, if minus the support of a mediomic crutch, then, 
Sir, however laborious | be the work, or heaped up the 
difficulties, by all means let the mediomic machinery be 
investigated. But, Sir, I have seen no reason as yet 
advanced to induce me to haul down a flag under which I 
have long served, and if, as I truly believe, your contributor 
is desirous for progress, then I have hope to show him 
there is truth upon my side, and therefore my side, though 
patient and plodding, is direct progress. The question 
therefore to which I beg to direct your contributor’s atten- 
tion may be thus advanced. I hold that gravity is a law 
to which inanimate matter yields perfect obedience, and 
that this obedience is instantaneous ; therefore there is no 
time for the action of intermediate machinery to act, even 
if it existed ; this reasoning appears as clear as the shining 
of the noon-day sun, the only question is, is it a truth that 
gravity is instantaneous in its action? I reply that it is, 
because solar and lunar eclipses, and other astronomic phe- 
nomena are computed from this reasoning, and their unfail- 
ing compliance with the computation proves its truth. If, 
therefore, there was mediomic machinery to convey the 
message of power to great distances, then for its action the 
machine 
tions distinctly refute the consumption of time in the obe- 
dience gravity receives. In opposition to this your con- 
tributor has elaborated a cnaglinahed molecular medium. 
I dispute not the existence of atomic matter pervading all 
space, but when your contributor speaks of molecular 
vibrations, there must be molecular space for the molecule 
to vibrate in ; this space, I contend, is pure vacuum—that 
is, perfectly free from ponderable matter. If, therefore, 
the intervening atoms or molecules between bodies are a 
gravitation medium, then the mediomic influence must be 
carried by the molecule over the atomic spaces, and time 
must be consumed in conveyance; therefore, if the action 
of gravity is conveyed by a medium, gravity is not—what 
computations have proved it is—namely, instantaneous in 
its action. 

I am strongly of opinion your contributor is unduly in- 
fluenced, by heat, light, and electricity; heat closely re- 
sembles gravity in its radiating properties, waves of heat 
leave the solar orb and wing their way with inconceivable 
velocity towards space, the intensity of radiant heat 
declines like gravity as the square at the distance, but we 
have no warranty for supposing gravity moves in waves ; it is 
simply a given law, described in the following words by Sir 
Isaac Newton: ‘‘ Every particle of matter in the universe 
attracts every other particle with a force varying inversely 
as the square of their mutual distance, and directly as their 
mass.” Thus far Sir Isaac is the mouthpiece of unalloyed 
truth, but the statement attributed to him by your con- 
tributor, concerning a medium for carrying the law into 
action, I hope I have sufficiently shown, must if it exist 
demand time to perform its duty, and, therefore, gravity 
cannot be instantaneous in its action. Again, gravity isproved 
instantaneous in its action, and we have, therefore, to 
conceive the marvel of a mediomic machinery performing its 
duty in no time, because if your contributor would have us 
believe the ether fills all space, then the molecules cannot 
vibrate ; the act of vibration demands space ; if gravity can 
act through atomic space, then what is to prevent its action 
over any distance? If the atom or molecule is the medium 
to convey the power of gravity over the atomic spaces then 
I say time is consumed in transit, and the instantaneous 
action of gravity is destroyed, therefore my repeated 
question is, ‘‘ How cana vibrating molecule convey a 
message of power in no time? I almost feel myself like a 
man trying to prove to your contributor that the sun is 
indeed the sun. 

The truth is that ‘‘ action at a distance” clears the path 
of pro of every obstacle. Gravity is a law, and this law 
fills + pe ; it is rigidly fixed in its action surroundi 
penberells ‘matter as though it was of the soli 
matter ; rigidly moving with the matter, but not emanating 
therefrom in waves, like heat and light, though like heat 
and light, declining in intensity as the distance squared ; it is 
a rigid and fixed law requiring no medium to convey a 
message of its power to the remotest depths of space; heat 
in no wise varies its intensity, neither is there any thing to 
check or interfere with its action. The complicated ma- 
chinery designed by man, and ably set forth by your con- 





mnst consume time, and astronomic computa- | }, 
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with. Gravity is simply a given law, gui e heavenly 
bodies with perfect m; it differs from heat because 
heat is an imponderable something (energy), governed by a 
law ; gravity is a law, and ponderable matter is governed by 
the law of vity, therefore elaborate machinery 
designed to show how a law acts is pure nonsense, and a 
certain obstructive and source of one, J in the pathway 
of ap T cannot allow your contributor to remain 
under the conviction Newton was the discoverer of the fact 
of gravitation, that fact having been discovered many years 

ore Newton was born ; and as. to Newton’s modesty in 
‘not arrogating to himself the discovery of the cause,’’ 
perks your yg eo will not be aes ih genes 

im the cause of the bones wing ina child’s wi 

be discovered first. me . 

The utmost we do know, the utmost we can know, the 
utmost itis desirable to know of gravity is that it is a law, 
and that it is impossible to express the action of this law 
better than in the words of Newton previously quoted, and 
I submit to all minds open to reason the proved truth of 
gravity being instantaneous in its action, precludes the 
possibility of any intervening machinery being called into 
requisition. Intermediate machinery acting in waves must 
consume time. Let your contributor, Newton, or our present 
Astronomer Royal, demonstrate gravity is not instan- 
taneous in its action first, and then, Sir, instead of progress, 
or hoping for progress, I will return and patiently listen to 
the music of your esteemel and able, but misguided con- 
tributor. 

There is a close relationship between heat and gravity, I 
am prepared to admit ; both can generate motion, both de- 
cline in intensity as the square of the distance, but the like- 
ness appears here to cease. Heat is sustained by incessant 
waves of radiant heat leaving the solar orb ; gravity neither 
leaves or approaches the sun ; according to fhe distance so 
is its power, but it is a stationary power, moving as the 
sun moves. Very different is the case of heat, for if we 
take the heat that leaves the sun at noon, then at one 
o’clock, the heat that left at noon has sped to many million 
miles from the solar orb and surrounds the sun as a vast 
sphere ; but the sun at one o’clock is not the centre of the 
expanding sphere of radiant heat that left the solar orb at 
noon. The sun has moved from the centre some 17,000 thou- 
sand miles, this being the velocity\of.thesun’s motion of trans- 
lation, but gravity, that neither emanates from or recedes 
to the solar orb, yet moves with this translatory motion 
just as though it was a fixed and rigid part of the solar orb 
itself ; therefore heat and likewise light differ very essen- 
tially herein from gravity. I think it unnecessary to pur- 
sue the subject further. I believe your contributor accepts 
what Newton states unquestioned, and is confounding 
gravity with heat, light, or electricity. I have shown 
wherein this potent commander of the heavens differs from 
eat. Iam not actuated from a spirit of controversy, but 
gravity in its grandeur is a law that should be thoroughly 
understood by every soul connected with engineering, and 
this is the reason that makes me press forward as a solicitor 
to defend my views of gravity before your readers, ve 
as in duty Loned. to thank you sincerely for the valued 
courtesy extended to me, and am, Sir, 

Your obedient servant, 
RICHARD SHEWARD. 
‘ 





To THE EDITOR oF ENGINEERING. 

S1r,—I have read with much interest the articles of your 
contributor, and the discussion which followed in your 
valuable paper, and, at the risk of further complicating that 
discussion, I should like to call your contributor’s attention 
4 what appears to me the natural consequence of his 

eory. ; 

If all motion is due to the vibration of ether, then heat, 
being a motion of the material molecules of a body, is also 
due to that vibration. Now that particular degree of in- 
tensity of vibration which to an atom of iron imparts an 
acceleration a (corresponding with an increase of tempera- 
ture ¢), would to an atom of copper impart only an accelera- 


tion my . @ (corresponding to an increase of temperature 


= rr because the atomic weights of iron and copper 


are 56 and 63.4 respectively. Now the numbers of atoms 
contained in a cubic inch of each metal are to each other as 
the specific gravities divided by the atomic weights, or 
taking the former 7.78 for iron and 8.78 for copper as 
ie 8 , 8.78. ‘The entire increase of heat of one cubic inch 
of iron will be to that of one cubic inch of copper as the 
products of the increments of heat of one atom, and the 
numbers of atoms contained in a cubic inch, or as, 


7.78 g, , 8.78, 56_ 4 948: 218.4, 
56 63.4 63.4 
With other words the adoption of your contributor’s theory 
leads us to the conclusion that iron is a better conductor of 
heat than copper. P 
On the other hand we find that the increments of tempera- 
ture for the same weight of both metals are as : 
1 1 
——— : ——==4019.56 : 3136 
(56)? © (63.4)? 
or, with other words, the increase of temperature of a 
certain weight of iron during a certain time is greater 
the increase of temperature of the same weight of copper 
during the same time, the source of heat the same in 
both cases. Ergo, the specific heat of iron is less than that 
of copper- 
We nt by experience that both these conclusions are 


wrong. 
Believe me, Sir, yours truly, 
E. Y. SrnueM. 
Baden Baden, September 20, 1876. 
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THE EXPLOSION ON BOARD THE 
THUNDERER, 
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happily without loss of life. 
sea for trial ; she had two boilers loaded to 70 Ib. steam, con- 
nected in the usual way, and loaded lever safety valve, stop 
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saying all was right. y 
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the gauge still showing 70 Ib. steam ; all was cool, the re- 
gulator valve full open, and all in order. At last it struck 
me, the engineer might not have opened the stop valves 
full. I went to see, and found one full open but the other 
shut. I immediately opened it, and that instant the safety 
valve flew up breaking the top of the chest, and the engine- 
room was filled with steam and water. When I crawled 
out to the platform I found the pressure gauge still show- 
ing 70 Ib. steam. 

may here explain that both boilers were connected to 
one gauge in the engine-room and one in the stokehole. 

As soon as possible I alternately shut the cocks on the 
boilers, and found in one boiler 140 1b. steam, in the other 
none at all, the mean in the pressure —_ 70 lb. ; it must 
have been above this, as the steam flowing along the pipe 
would not show full pressure in the gauge. 

Moral.—Have a pressure gauge to each boiler. 

Mr. Lavington E. Fletcher, says, ‘‘ To prevent the repeti- 
tion of such disasters I would recommend, as already ex- 
plained, the addition to every boiler of a sentinel safety 
valve."’ But what, Mr. Fletcher, if thesentinel sleep ? 

I have not the ——_ of experimenting on the 
power of the bent of tube pressure ga , but for many 
years have thought that a warning could be given by them, 
as indicated in the above sketch. 

Or, if there is not power in the tube, the point when it 
comes to the pin could at least release a spring bell, which 
if it had been fitted to the Thunderer would have prevented 
the accident we now deplore. 

I give this idea gratis, and hope if our gauge makers find 
anything in it they will not patent it. 

Yours truly, 
ENGINEER. 
September 13, 1876. 








Tue Unirep Starrs Navy.—The chief signal officer of 
the United States Navy has just completed, and the United 
States Navy Department has just published a new edition 
of the American Navy signals. The system has been 
entirely re-modelled, and, as now constructed, is considered 
by Commodores Ammen and Fluefeldt and other prominent 
and experienced naval officers to be the most perfect code 
of signals in existence. The signals are so constructed that 
if the code should fall into the hands of enemies in time 
of war they would be unable to read a message sent between 
United States signal officers. 





ROYLE’S STEAM TRAP. 


















































Towarps the close of last year we called attention to 
this steam trap, the peculiar feature of which was the 
employment of an open-bottomed copper vessel, floating in 
an open reservoir of water, for the purpose of withdrawing 
the water of condensation from steam pipes, drying cylin- 
ders, and other vessels containing steam; and since our 
description appeared, the invention has suggested certain 
improvements in the construction of the apparatus, with a 
view to increased durability, which it is our present object 
to deseribe. Our readers may remember that the appa- 
ratus consists essentially of an open-topped reservoir of 
water A, with a steam-jacketted plug cock C, affixed to 
its side—the plug of this cock passing through the side 
of such reservoir, and opening under an open-bottomed 
copper vessel D, which, by being affixed by its side to 
such plug, so constitutes a hollow handle or self-acting 
lever, for opening the plug cock C when the water of con- 


densation accumulates in the steam pipes, and for closing | 


the same immediately such water has escaped. The 
dotted line shows the position of the vessel D when the 
cock C is wide open. 

Experience has proved that the only wearing part of 
this steam trap is the plug cock C, and the inventor has 
now succeeded, not only in increasing the durability of 
this cock to a considerable extent, but in providing a 
simple and expeditious method of renewing such cock at 
a nominal expense, and thus of making the trap at any 
time equal to new. 

In the improved trap, as now illustrated, the plug of 
the cock C has a broad flange H formed on its extremity, 
a small portion, I, of which is carried upwards and forms 
an index (seen best in Fig. 2). The copper vessel D is 
firmly clamped to this flange H by the nut and washer J, 
and after the vessel D has been adjusted under steam to 
its proper working position, a small pointer K is affixed 
to such vessel D. The trap can by this means be taken 
to pieces and put together with the greatest ease and cer- 
tainty, and as the cock C wears across the ports through 
the cutting action of the steam, water, and grit, by slacken- 
ing the clamping nut J the index may be moved gradually 
in the direction of the closed position, and thus present a 
fresh wearing surface for covering the ports, and this may 
be continued periodically until it is deemed advisable to 
regrind the cock. As all the cocks are carefully made to 
gauge and template, a new one can be supplied at a 
trifling cost and be fixed in a few minutes, thus making 
the trap at any time as good as new. This feature of the 
interchanging of the cocks is of the greatest importance 
where a number of traps are in use, and particularly 
where high pressures are carried, as by having a spare 
cock in store, a defective cock can be replaced by the new 
one, and the repairs to the defective one done at leisure. 

A further improvement has been effected by applying a 
slide valve E instead of the long spindle valve for libera- 
ting the air. A small set screw L has also been fitted 
into the link F, by turning which the discharge of water 
may be regulated to suit situations where very high pres- 
sures are carried, or where large quantities of water have 
to be discharged. Two other special features of this 
steam trap, viz., its ready accessibility being open to the 
atmosphere, and its self-cleansing property arising from 
the water of condensation falling direct into the reservoir 
through the open bottom of the copper vessel, were pointed 
out in our previous notice. A very large number of these 
steam traps are, we understand, now in use, and answer- 
ing satisfactorily. 











NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
Wages of Railway Spring-Fitters—John Brown and 
Co. (Limited), and other leading manufacturers at Sheffield, 
have given all their railway spring-fitters notice to leave at 
the expiration of fourteen days from Saturday last. 


Flooding of a Colliery near Barnsley.—The new Oak- 
well Colliery at Hoyle Mill, near Barnsley, belonging to 
Mr. George Senior, has become flooded with water, owing 
to which occurrence the working of the colliery is, of 
course, suspended. It was known that a quantity of water 
had accumulated in a contiguous thin on pit, and efforts 
had been made to get rid of it, but by some means or other 
the whole suddenly made its way into Oakwell Colliery , 
with the effect mentioned. Fortunately no one was injured. 
piry 4 operations have been resorted to in order to clear 
out the water. 


Railway Collision near Bradford.—On Saturday even- 
ing last, the passenger train over the Great Northern line 
from Leeds to Bradford, leaving the former place at 6.15, 
whilst standing at a junction signal in the Bradford goods 
yard, was run into by a heavy pilot engine, many of the 

engers being injured and the line blocked for seven 
ours. 


Removal of a Sheffield Business to America.—It is stated 
that Messrs. Sanderson Brothers and Company (Limited), 
cast steel manufacturers of Sheffield, have formed a com- 
pany in the United States to carry on the whole of their 
trade there, in order to avoid the heavy import duties 
which Sheffield-made steel has to bear. 


Manufacture of Indian Locomotives at Sheffield.—The 
Yorkshire Engine Company (Limited), whose works are 
situated at Meadow Hall, near Sheffield, have obtained a 
contract to supply twenty-six locomotive engines to the 
Indian States ilway Company as soon as they can be 
turned out. ' 


The New Railway Buildings at Ambergate.—The 
greatly extended and improved station, platforms, and other 
erections at the Ambergate Junction of the Midland Rail- 
way Company, which have previously been described in 
these notes, will be brought into use in the course of next 
month after a Board of Trade inspection. 


Serious Railway Collision near Leeds—On Monday 
afternoon about four o’clock, as the second half of the 
Midland Company’s 10.30 a.m. down Scotch Pullman ex- 
press was passing Whitehall Junction, near Leeds, it was 
run into broadside by a North-Eastern goods train. A 
Pullman car and a six-wheeled bogie carriage 
suffered most, several passengers therein bei badly 
injured, but the great strength of the Pullman car doubtless 
made the result of the collision far less serious than it 
would be had an ordinary carriage received the impact of 
the goods engine. 








POUGHKEEPSIE BripGE.—Contractors have been pre- 
paring for work on this great bridge. Constructive opera- 
tions are expected to be actually commenced this month. 


UnIversitTy CoLLEGE.—The peoerent of the Engineer- 


ing Department of this college, which has been sent to us, 
shows some not unimportant alterations upon the former 
t of cl In mathematics a special class has 
been formed for modern geometry and phical statics. 
We believe this is the first attempt that has been made in 
this country to teach these subjects in an elementary way, 
although they form a — of the curriculum of all the 
principal Continental polytechnics. The class of geometrical 
drawing, correspondingly, includes the graphic determina- 
tion of areas, moments, &c., the construction of dia- 
grams of stresses, and other matters with which young 
engineers can hardly be too familiar. Professor T. Hayter 
— om of “‘ Architectural py weer rN oe. Ls a 
P in the prospectus. It takes up the subjects o Ing 
materials and construction in a very practical way. Pro- 
fessor Kennedy has added to his engineering classes one on 
the “‘Theory of Machines,” in which the applications of 
mechanics to machinery, the principles of the strength of 
materials and the elements of machine design are taken up 
in some detail. The os . civil and o! es en- 
ineering, of surveying, and of engineering drawing remain 
ath as béfore ; several of the courses of lectures being 
given at an hour, nine o’clock, which may make attendance 
at them not entirely — with office work. The 
session commences on the 3rd of October, 
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APPARATUS FOR CLEANING FILTERING 
SAND.* 
By Mr. Joun Sana, C.E., Kirkcaldy. 

tood by ref wan $0 tar eal Ricanthenbarcersiek 
8 erence to the di m. A is an iron i 
with water under pressure from the pipe P, and 

small holes in its upper as to allow 
pine Os to pass freely through 
A are extended upwards to OO, and form a vessel for hold- 
ing the sand to be washed. The charge of sand 
from a gangway passing over the top of the box, 
about half-way up. On the sluice valve V being opened the 
water fills A, passes through the smali holes, stirs up the 
sand, and moves it violently about, ——. the finer 
particles up nearly to 0 O, a the mud to the top of the 
machine, over the margins of which it flows along with the 
water. At first the overflowing water is og | and dark, 
but it mally becomes purer, and when it flows over 
quite hed and ready for being placed 


, the sand is was 























in the filter. A charge of middling good pit sand is washed 
in two minutes. 

The success of the machine depends on its size being 
adapted to the magnitude of the supply of water, and 
after many experiments, I have found that it is best such, 
that the water rises in the box with a velocity of from 3 ft. 
9 in. to 4 ft. in the minute, and that the height above the 
small holes be 27 in. The holes in the box are fin. in 
diameter, and their aggregate area is a little more than the 
area of the supply pipe. 

On the water running off clear, and the sluice valve being 
shut, a door D situated in the side of the box a little higher 
than the charge of sand is opened to allow the water to run 
off quickly, and a small stop-cock is also opened to drain 
away the part of the water which remains in the sand itself. 

he main door M is then opened, and the clean sand is 
dragged into wheelbarrows placed under the door and is 
conveyed to the filter. 

The sluice valve V is placed on an upward bend of the 
supply pipe with the view of its being safe from sand, but 
in practice I find that sand never finds way even into the 
small valve C. 

For the sake of economy it is preferable to have two 
machines, one of which the workmen are employed in 
charging while the other is in action. The advantages of 
this machine are the speed with which the sand is washed, 
and the thoroughness of the washing. 

In the ordinary routine of filter ma: ent the mud 
which accumulates on the surface of ‘the filter is scraped off 
about once a month. If the water be obtained from the 
surface of the ground through small upland brooks, this 
mud consists of a stiffish crust of about the tenth part of an 
inch in thickness. In scraping it off it is not possible for 
the workmen to avoid taking a little of the surface sand 
along with the mud, and by this means the body of the 
filter is gradually diminished. By s ing three or four 
plies of clean calico on the surface of a newly-scraped filter, 
and allowing them to lie there till next scraping, a sample 
of the mud free from sand may be gathered. On micro- 
scopic examination this I find to consist almost wholly of 
the minute water plants called diatoms. In the filters of 
the Kirlecaldy and Dysart Water Works, where Ihave had 
this experiment poe a made, I find that 100 parts of the 
mud consist of about 95 parts of diatoms, 4 
animalcules, and 1 part of inorganic matter. Besides these 
particles there is the sarcoid matter of the diatoms, from 
which the offensive smell of the mud is derived. It is this 
sarcoid matter which constitutes the value of water for irri- 
gation, and its paucity or abundance gives the qualities which 
agriculturists term poor or fat water., The machine de- 
scribed is unable to wash this impurity from the scrapings 
when recent. I have been unable by the old machines or 
even in the laboratory to purify them by any mechanical 
means, and find that the only way of recovering the sand is 
to allow the stuff to lie ex to the air for some years, 
turning it over occasionally until the sarcoid matter is de- 


of 


the whole | ais 


composed. 
A portion of the mud which a filter is ve 
passes into the sand, spreads h its interstices, and in 
course of years some of iteven reaches tothe bottom. This 
mud consists altogether of kinds of very mi 
orthosira, and cymbella. The 
i , &., are caugh' 
This sand 


The flinty shells of the diatoms"may then be re- 
intended to remo 
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machine used for the purpose of estimating the 
samples of sand for forming town si Sears 
strament is shown in Fig. 2. is & 


eens marked on it a line to indicate the one-hundredth | f 
part o' 


ryan It is filled with the sand up to this 
mark. Bisa flexible tube attached toa 

ressure. Cis a tube of zinc attached to 
he lower end, and having its flat base pierced with a few 
small holes. On the water being admitted to C 
placed in the vessel, and being supported in the 
quickly eee a hole through the sand for {itself till 
reaches the bottom where it is allowed 

and mud /flow over into a large vessel from 
- quantity of water required to ify 

own. 





GLASS FROM SLAG. 
On the Utilisation of Blast Furnace Slag with its Heat 
for the Manufacture of Glass.* 
By Mr. Basaugy Britten, Redhill, Surrey. 

Few of the substances which occuras manufacturers 
refuse or bye products have arrested more attention than 

the scoria or cinder formed in the smelting of iron ores. 
The vast quantity produced, and its liquid form, at once 
suggest the idea of extensive usefulness ; and all that seems 


at first sight is to collect it as it flows and forth- | had 
» | scarcely remunerative. 


n 
with ae it into a thousand articles of utility. 


however, has shown that this is with difficulty 
arising from its behaviour as it cools. en allowed to 
solidi i themselves in 


slowly the particles of slag arrange 

a crystallised form, and the substance becomes tough and 
presents the well-known grey stony appearance ; but if 
chilled by contact with a mould, or any surface ca 

rapid congelation, it becomes vitreous and brittle, and o 
a black or dark brown colour, so that in the same piece 
two wholly dissimilar structures may often be seen. Un- 
equal tensions are thus occasioned, causing the substance 
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to crack and break unless prevented by such slow and 
careful annealing as involves considerable trouble and ex- 


The purposes to which at various times it has been pro- 
posed apply this material are strangely various, and 
among others are those of casting it, in imitation of stone, 
direct! ly into paving blocks, slabs, ane Fore ; of colouri 
itand mere™ into decorative tiles columns to resem 
marble ; of shaping it into architectural ornaments of black 
obsidian ; of converting it into bricks; blowing it intoa 
white wool; pulverising it into cement; a of re- 
ducing g it in water to the state of sand, in which form it has 
been adv 





* Paper read before the Mechanical i iti 
Aeseciniien, Glaenew snecline. Section of the British 





ee ee ees the Iron and Steel 


ertised ss a valuable manure. Most of these | f 


no 
= frequently must purchase land on which it 

Tt will : no kind of tion, as must be well 

—- have hg oy barren mounds, 

which, in all the iron districts, disfigure the country 


wards of four million tons of this 

Se ie he wet wae 
uant made ru! e@ country pro 

: four timesas much as this. Any baw weg t — 

of jchecking this accumulation, even to a small extent, 


fairly engage attention. 

"hen eas ered in the idea of employing slag as an 
ingredient of glass. It has long been so used in this country 
to some extent, but on a larger scale abroad. In the Forest 
Dean yed about the old charcoal iron 
@ more vitreous-looking pieces, 
to be the only suitable portions, and 
are put under stamp heads and pulverised in water ; 

the resultant sand is then dried and sent to the g 
of Bristol, who mix it with their other materials and melt 
them down together. This practice is, however, fast be- 


‘or miles. 
In Yorkshire alone, 
ugly refuse have ann 


, | coming obsolete, because it is found that the cost of pre- 


paration and transport, and the very intense heat required 
to fuse slag which has once peices § leaves no advantage 
from its employment instead of other materials. 

A few years ago the price paid for this slag sand delivered 
at Bristol was as much as 20s. per ton, and this in 1875 
diminished down to 12s. 6d., which was said to be 
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For perfectly white glass, such as crystal, it 1s obvious 
that slag can a of no value at all, in consequence of the 
amount st iron it contains, which cannot be eliminated, and 
would’ produce a green or amber colour. Still iron is 
present more or less in all glass. The analyses of specimens 
of the window glass of commerce exhibit as much as from 
one-half to one-and-a-half per cent., it being =, to 
neutralise its effect to a considerable extent by ouring 
materials. For all glass in which a tinge of colour is either 
needed or is not detrimental — and this includes an extremely 
large proportion of all that is made—a little iron does no 
harm ms in he — La! ray f introduced ne a 
portant element, for it is capa yes ow og other flux, 

which would other- 


and so lessening the amount of alkali 

Some estimate of the probable intrinsic value of slag to 
the glassmaker may be seen from the following Table, in 
which the ascertained composition of slag of an average 
description a side by side for comparison with that of 


common bottle glass : 
TaBuE No. I. 
Composition of Iron Composition of 
Slag. (Welsh or ’ Bottle Glass. 
South Staffordshire.) (Quantities Variable.) 
per cent. per cent. 
Silica ... sab 4) 45 to 60 
Lime ... ai 35 18 ,, 28 
Alumina... * 6, . 
Magnesia eee ” 
Alkali w= to 2 3.49.2 
Oxide ofiron.. 4,,2 6 


A trace of sulphur is also found in slag associatec 
the lime, but this need not be regarded, as it is insignificant 
in quantity and readily passes away with heat. ‘ 

It will be observed hat there is nothing in this waste 
of the blast furnace which is not represented in glass. It is 
also clear that it really contains less iron than is often re- 
quired by the glassmaker. Some striking facts, therefore, 
arise, which may be pointed out. ; : 

The glassmaker must buy all the above ingredients or 
their equivalents. They represent large quantities, and he 
has to pay for their ——— to his premises, where they 

to be carefully mixed and moved again, and finally put 
into his furnaces, to be kept at a white heat for many 
hours till the highly refractory substances are dissolved and 
used 


The ironmaster, with a different object, is always melting 
down isely the same materials ; cannot luce his 





iron till he has first converted Eo anon ares ane into 
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is glass away. 

The question, therefore, to be opened out is whether there 
may not, to a great extent at least, be a remedy for these 
vseccaen anomalies. May not the manufacture of crude iron 

so combined with that of glass that the latter may be pro- 
duced so cheap as to render it available for many additional 
uses, possibly more extensive than those to which it is at 

t applied? G ing now fairly ranks among 
industries of the country, and commands a wide 
export trade. It is a material of great beauty as well 
as strength, and, bei nearly proof against all chemical 
reactions, it is quite unrivalled for durability and 
iness, and with those ities it is capable of bei 
manipulated or pressed and moulded into shape wit 
— facility than any other known substance. If 
, as will be found probable, it can be produced 
im finished forms cheaper than any other material, not 
excluding even stone, slate, or common earthenware, it is 
difficult to forsee the extent of its application. At scarcely 
any extra expense it may be made of almost any colour, or 
absolutely black like jet, in which latter form it might, for 
many purposes, serve better than the finest marble. As 
one example of usefulness, its suitability for roofing may 
be mentioned. It may be either opaque or clear to admit 
light. If ue, it would be less trans nt to heat than 
slate, and as it could, without skilled labour, be rolled into 
the desi forms, either plain or highly ornamental, it is 
likely that they might largely take the — of slates, by 
bas -y! sold at a lower price, and yet at a handsome profit. 


to consider the n treatment. The 


fi ing figures show approximately what is chemically 
em yt be added to ane of the above composition in | rectl 


order to convert it into 
for common bottles, t 


illustration : 

TaBz No. I. 

Additions. per cent. 

40 Ferruginoussand60=100 or 57.1 
35 Lime we loon ee 
" Alumina 9. 
1 a 
2 From the sand 


pian, say, of the quality now used 
is being chosen as a convenient 


Glass. 


16 ,, 9.0 
mandy ec 
10= 11 ,, 63 
cat 75s 40 

Th bining th 100 parts of Mo rid f 

us, by combining wi' of slag, 10 parts o 
soda, nA 8 of sand, the soepesiions of the time, alumina, 
and other constituents are severally altered, and a com- 
pound formed of the precise nature required. It is to be 
noted that the figures come well within the limits of dif- 
ference found in the analyses of glass given in Table No. I. 

Now, in order to produce this glass, the can be used 
in its heated state just as it leaves the blast furnace. 
The  reemneman necessary for this will be ‘presently ex- 


The above 175 


\ * oie 
Oxide of iron... 


3. 
6. 
4. 


or tons of glass would, consequently, 
be produced with the following economy. One hundred 
tons of it would cost an ironmaster nothing. Instead of the 
labour of mixing and handling in the usual way the whole 
quantity of the material, only 75 tons would have to be lifted 
into the furnace. 

The only ingredients to be bought are 65 tons of common 
yellow or red sand, to be had anywhere at a mere nominal 
pee and 10 tons of common sulphate of soda, which may 

bought or made for about 20s. per ton. The necessary 
fuel would be limited to what is needed beyond the surplus 
heat of the slag to raise only }ths of the glass to the required 
heat ; and it is a question whether the greater part of even 
this might not be saved by bringing down some of the spare 
gases from the blast furnace employing them with re- 
proper ; if needed they could easily be enriched with a 

ttle added carbon. Against these items there would be a 
set-off for the cost of removing the 100 tons of slag, which 
must otherwise be t' away. Besides this, another and 
considerable saving would arise from the wear and tear of 

i i uence of fths of 
ly fused. 
, the total cost of the glass in a 
for working is seen to be so extremely 
small that it is safe to venture to express it in 
figures ; it scarcely amounts to the value of the commonest 


bricks per ton. 

A cheaper glass than even this can be made by using a 
larger pro of slag and leas sand, thereby necessitating 
less fuel to effect combination. In fact the slag from some ore 
is sufficiently silicious in itself to be converted into a black 
or dark green or amber glass. With the simple addition 
of soda and a little arsenic, which are taks n up immediately, 
it becomes transparent and perfectly aoaiie, and woud 
be useful for many p , such as slabs, tiles, or other 
things for out-door work ; but it would not do for bottles 
or any utensils for holding powerful acids, as its want of 
silica renders it liable to be corroded. 

It need hardly be stated that glass of much superior 
quality to that indicated above may be produced. The con- 
stituents of are common to all ki 
used either for bottles or windows or even mirror plates ; 
therefore by diluting them with the usual pure materials to 
a greater or less extent, the com d may .be brought w 

short of the parity from colour inconsistent 
manganese residing in , 
expected that slag ‘lnc fl 


of green glass | hig 
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ever be produced quite equal in colour to the ordi 
window glass: still it would be premature to anticipate 
what may be done should it ever become worth while to 
adopt special means for rendering the slag ; 

In regard to all other essentials, such as clearness, 
brilliancy, strength, plasticity in working, power of resist- 
ing acids, and the bility of being cut with the diamond, 
it may be made equal to any other. required to be 
as col 
selected as free from iron as possible, and in that case a 

quantity of alkali than is stated above must be used 
to flux the purer silica. In the crude materials for plate 
and other window glass, carbonate of soda to the extent of 


‘from 20 to 25 per cent. of the whole quantity is generally 


employed ; and when the sulphate of soda is used, it amounts 
oceasionally to upwards of 35 per cent. ; and to effect com- 
bination these materials are required to be kept at a white 
heat for seldom less than 24 hours if the quantity is 
Daring all this time,|the alkali, being volatile, is continually 
escaping, to so large an extent, indeed, that when the glass 
is made, it is found by analysis to contain rarely so much 
as one-half of what was put into the furnace, the rest having 
—_ away up the chimney. Much of this very serious 
oss is obviated by employing the fused slag, because so 
large a proportion of the ingredients are then in a state to 
absorb the alkali at once; and there being only the com- 
ratively small quantity of added silica to be penetrated 
y heat and dissolved, the volatile alkali has so much less 
time to escape, and as a consequence, less of this, the most 
costly inguetiont, need be used. 

The practical question has next to be considered of how 
far it is ssible to combine the manufacture of glass and 
iron without in any way interfering with the necessary 
continuous operations of the blast furnace, for this, as a 
matter of course, is absolutely essential. 

Blast furnace works —— iron only is made, fre- 
quently stand in pairs in isolated situations, with plenty of 
space around, on which glassworks may be erected on any 
scale ; and, in many instances, they might be built close up 
to the sides of the furnaces, and extending laterally away 
from the pig bed. In that case the slag might be run di- 
'y into a glass furnace, on the well-known plan of Mr 
Siemens, for continuous founding and working. Where 
there is insufficient room for this, the glassworks might be 
at some distance, and the slag could be collected and con- 
yeyed to them in a state of fusion in large covered iron 

es on wheels, similar to those used in some Bessemer 
steelworks, where the molten iron is carried upwards of a 
mile to be poured into the converters. Various other plans 
will suggest themselves to suit the ——— of existing 
works, and it may be useful to describe one alternative 
briefly in detail, as it will serve to elucidate still further 
the general question. In Fig. 1, A represents roughly in 
lan the base of one of a pair of blast furnaces, with its 
ore} at B, the pig bed at C, and the space at the rear 
(DD) oceupied by the lift, oven, boilers, &c. In addition 
to the usual outlet for the slag, which can be employed as 
usual when needed, there is another provided in the tuyere 
house at the side (E), and this might be furnished with one 
of Liirrman’s scoria blocks ; through this the slag to be 
used for glass is allowed to run as required into either of 
the tanks in the converting furnaces (F F) through an 
opening in the roof. These reverberatories are heated by 
the fires G GGG; the chimney stands between them in 
the centre at H ; they are built in an excavation, and have 
very low roofs, which are made strong enough to form a 
platform, above which the men can walk over on a level 
with the cinder fall. It is not absolutely necessary that 
they should be roofed in overhead. 

‘Two of these furnaces are so provided that they can be 
re-lined or repaired alternately without stopping work. In 
working, these converting tanks are kept supplied with silica 
in excess ; this may be in the usual form of sand, but flints, 
coarse sifted gravel, or fragments of quartz, or any other 
silicious stone, are to be preferred when readily obtainable, 
as they form a more permeable mass, and are readily dis- 
solved in contact with the basic slag. It is convenient that 
the fresh supplies of silica should be introduced when no 
slag is running, in order that it may become heated in the 
interval to avoid chilling the slag when it is admitted ; as the 
o- is introduced it is fed bya <P other means 
with the alkali. No stirring or mechanical agitation is 
needed, as the —— mingle of themselves; and, as 
they combine and become glass, this, being of a denser 
nature than the crude materials, sinks below them and 
forms a substratum of clear glass, with the yet imperfect 
glass and undissolved silica floating on its surface. The 
clear glass, as it is wanted, is ta from the bottom of 
the tank through an opening at I, and [received in a ladle 
holding a ton or more. This ladle is supported on a trun- 
nion ring, and is lifted by a crane at K on the carriage L, 
and is drawn along a tramway to the glasshouse, situate as 
near as circumstances permit; when brought opposite to 
the o; ming (Mi) at the back of the working out furnaces 
(N N) the e is tilted on its trunnions, which rest on the 


ep pee the g is poured into the tank by a spout. 
The g can then be at once as it is, or its colour or 
other quality may be c 


by adding to it what is 

needed for that purpose. The usual working holes of the 
un ay Sng seen ede te hs = = the are are 
le they are immedi P in the annealing ovens 
PP. The converti y ame is kept constantly at 
the necessary foundi heat, and the glass is 
formed in it so rapidly that one such furnace is sufficient 
to keep several of the working out tanks constantly 
supplied. The latter furnaces are not required to be so 
i heated, as all that is here needed is to keep the glass 
at the temperature suitable for its manipulation, which is 
considerably below that proper for founding. If too hot its 
consistency is too thin for operators to gather it con- 
veniently on their betas Ney Fig. 2 shows a section of 
the converting furnaces taken through the fireplaces nearest 
to the iron works, and indicates the position in relation to 


When 
as may be, the added silica and alkali would be | of 





the level of the cinder fall. Fig. 3 is a itudinal section 
of one of the working out furnaces. “_o ye the 
tanks are formed of the best glasshouse firebrick, and are 
so built that when worn they can be removed and new ones 
put in their place without disturbing the roof or side walls. 
he air chamber below the tanks serve to keep the bottom 
cooler, and so check the penetration of the t 
The foregoing observations are founded on the results 


a series of experiments cotndng over the ter 
ger of the last thyee years, in which t en- 

voured to test, in every way open to him, the soundness 
of his conclusions before submitting them to criticism, In 
somngng Sho question before such a distinguished body of 
pra ly scientific men as those present, he ventures to 
claim some indulgence on the ground that he first ap- 


pronshes the inquiry without any ious knowledge of 
he technicalities of either iron or oss making. Should, 
therefore, his views be hono: with any discussion, it is 
that the principles and broad points involved will be 
dealt with rather than the working details stated, some of 
which may be crude, but are still open to modifications which 
experience will suggest. In the experiments which have 
made, some hundreds of different specimens of glass 
have been produced ; and very many different kinds of slag 
also have been tested—those resulting from different ores 
as well as those produced under the varying conditions of 
the working of the iron furnace—but all with the same en- 
couraging results. It may be well here to anticipate an 
objection which will, doubtless, suggest itself. It is well 
known thatthe same furnace with precisely the same charge 
will frequently give out slag of a very different complexion. 
How then, it may be asked, can anything like the same 
uality of glass be produced from so variable a material ? 
enerally the slag is grey, but sometimes an hour later it 
will become dark and vitreous, and occasionally turning as 
black as pitch. These changes do not, however, create 
the complications naturally to be expected, for they are 
more in appearance than in substance. The blackest sla 
will make perfectly good glass, for the impurities whic 
make it black are consumed or pass away into heat. In 
fact, the purest grey cinder will turn an opaque black 
when run into the tank before it is transformed into clear 
glass. As a rule, a dark coloured slag may indicate the 
presence of a little more iron, but it is not always so, 
and careful analyses do not detect a difference generally 
of more than about 1 per cent. of iron is necessarily accom- 
panying or causing the most decided change of colour. 
With cone furnaces these variations only occur 
rarely, and they would be of no importance whatever except 
when the glass is desired to be particularly pure in tint. 
Moreover, the quality of the slag can be seen before it is 
used, and what is temporarily very exceptional may be 
rejected or diverted. 

But it may be urged that the slag will also be found to 
differ at times considerably in the quantity of lime it con- 
tains. This is true; yet it is of little consequence, 
because in the converting tank it meets with a supply of 
heated silica in excess of what it requires, for this is pur- 

sely maintained ; consequently, the only effect of the slag 
ig more basic is to hasten its combination with the silica 
acid, which seizes upon it with avidity. The quantity of 
alkali to be admitted might be constant in any case, and 
would not be affected by any variation in the slag, while 
there is little fear of the glass becoming supersaturated 
with silica, because the glass is only rendered better by more 
being dissolved ; and beyond the extreme proportion which 
is desirable, it is taken up so slowly that no difficulty can 
arise from it. As before stated, the various materials before 
actual combination float on the glass which has been already 
formed, so that the proper composition of what 1s 
drawn from the bottom of the tank is insured by its density. 

A few specimens of the glass produced from slag are on the 
table for inspection, and they are not to be regarded as per- 
fect, but only as indications of what may be expected from 
developed means. They are, in fact, only experimental 
results in the making of a few hundredweights at a time. 

The glass can, of course, lay no claim to high quality in 

int of colour ; still this is its only inferiority, and no 

oubt it may be improved in this res But it may be 
observéd that it is as nearly as possible the same tint as 
that purposely made to suit the requirements of horticul- 
ture, as evidenced in the great conservatories at Kew. It 
is also but little, if any, darker than a + deal of what is 
now used in the form of rough plate for skylights. It is 
well known that a tinge of green is of great utility in 
checking the heat rays and softening the glare of white light. 
Although slag glass cannot compete with that higher 
quality which is —— so largely in this neighbourhood, 
it certainly has the recommendation of great cheapness, for 
it is doubtful whether glass as good could be e for less 
than three or four times its cost when everything is taken 
into account. A very large proportion of it represents so 
much material and fuel which is now utterly wasted ; and it 
only remains to point to the enormous ny of coloured 
glass now employed for various and ornamental 
articles, and then to ask what further uses may be found 
for such material ? 








STRAIGHTENING AND PLANISHING BARS. 
On the Straightening and Planishing of Rownd Bars, as 
practised by Patent Machines at Kirkstall Forge.* 

By Mr. Epmunp Bur.se, of the Kirkstall Forge, Leeds. 

Ir having been suggested by the Local Committee (who 

srogress in this town, aad empecially that, bearing on the 
in this town, an ly ! 

Saaaeatins of iron and steel) that it might be thought in- 


teresting to the members at this meetin to hear a paper on 
Le eee ob chenighioaing aud shaming ot round: bare 


* Paper read at the Leeds Meeting of the Iron and Steel 
Institute. 
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direct from the rolls as practised at Kirkstall Forge, and 
which process it may be considered is a ive step in 
the manipulation of round bars, the f few obser- 
vations have been thrown together, and it is hoped that the 
brief explanation now given may be of service to those 
members who ma case So aan Shp machine in eens, I 
ing attention to the i imperfections in the roll- 
ing of round bars which it is intended to , and by 
pointing out the advan which are gained by it. It is 
not necessary to say anything about the importance to the 
millwright, ineer, or machine maker, of having his 
round iron round, and, what is of équal or even 
greater importance, straight ; nor is it 
of the difficulty the iron maker experiences in endeavouring 
to supply to the user such an article. 

In spite of all the care and skill that can be exercised in 
the rolling mill, the ordinary round bar leaves it as a some- 
what imperfect and but approximate cylinder, neither 

round nor truly straight. It is a comparatively easy 
m to straighten a bar which is bent in one uniform 
curve from end to end, but it is the short bends, crooks, or 
dog-legs, which are the main difficulty, the presence or 
absence of which makes a bad or good roun 3; and 
these, which ee to be more or less inevitable in all 
rolling, can only be effectually removed while the bars are 
still hot, for with cold straightening there is always a ten- 
dency in the bars to revert to their — form when the 
skin is removed in the lathe. ‘The production of a machine 
to accomplish the desiderata now in question has long 
—— es = taxed the ae of = iron- 
master, particularly for the larger sizes, and many schemes 
have been initiated and tried, but the machine now under 
notice is the only one known to the writer which effectually 
removes the dog-lege, and produces round bars sufficiently 
straight to be for most ordinary purposes without 
being turned in the lathe. 3 

The original idea of which this machine is an embodi- 
ment is due to Mr. James Robertso 


to Mr. G. W. png of Sheffield, and it is the 
rangement of the latter which: has been ad 
since it passed out of the hands of these gentlemen, many 
improvements and additions—the results of practice and 
experience—have been made, which have given it the suc- 
cess it has now attained. 

The bars are while still hot from the rolls be- 
tween two rigeae A dises having bevelled faces, which 
when brought together so as to compress the bars between 
them{with the degree of force thoughtinecessary, rotate them, 
and at the same time traverse them forwards, also by a me- 
chanical arrangement backwards, so that the whole length 
of the bar is acted on by one continuous movement, and 
the bars come out straightened and planished. In doing 
this, moreover, two other importannt results are produced, 
the most palpable of which is that the scale, instead of 
being rolled in, as might be supposed, is entirely removed, 
oS ay e smooth. Kis ee 

e skin is brought to a vei i egree 0 ness 
and smoothness, so much so thet s mere rubbing with 
emery cloth, or if the bar be put into the lathe with emery 
stick, polishes it as though it a been turned and polished 
in the ordi manner. Some small samples are exhibited, 
with one end left blue, as from the machine, and the other 
end polished as just described, in order to show the in- 
suqeenebio difference in diameter between the two portions. 
This is ery : Sen practically, and shafting is now 

ing, which been put up without being turned, while 
other shafting, after being put up in the same manner, has 
been polished in its place ; and, in, the bars have been 
put into the lathe and finished with the file and emery stick 
without suas Sesne 

To carry the finishing process still further, if the bars, 
after being allowed to go cold, are passed again through the 

ine several times, the blue skin disappears, and the bars 
come out actually bright. 

The other effect of the machine before referred to, and 
that a very important one, is that, by the action of the 
dises, the bars are slightly eugene and consequently 
strengthened. 

Mr. David Kirkaldy has made some experiments to test 
the torsional strength ; and, in order to make proper com- 
parisons, bars after being rolled in the ordinary way, were 
cut in half, one portion being left with the ordinary finish 
and the other portion being put through the machine ; and 
it was found that up to the point of elastic stress the ma- 
chined bars had gained 20 per cent. in torsional strength. 

Mr. Kirkaldy’s original report is shown along with the 
samples, and is open to the inspection of any gentleman 
who may care to examine it ; several of the pieces tes 
are also there. Some further experiments are about to be 
made on bars which have been operated upon recently, the 
machine haying been much improved since the bars first 
tested were e, and now even results are looked for. 

Again, it is well known that a turned bar is not so 
strong as one of the same diameter which has been rolled 
in the ordi way and left rongh—that is to say, if a bar 
of, say, 3} in. in diameter is turned down to 3 in., it is not 
so strong as a bar rolled to that size and left rough, the 
additional strength arising from the non-removal of the skin 
of the rough bar. 

As, then, bars straightened and planished by this machine 
are 20 per cent. stronger than the same bars left with ordi- 
page 4 poco if the comparison be made with turned bars, it 
is still more favourable to the machined bar, and it is, there- 
fore, important to use them wherever possible without turn- 
ing, the polishing with emery, as the sample shown, re- 
mo 80 little of the skin as not appreciably to interfere 


with the strength 
ical as possible the 


, though, 


With a view to render as 
without the expense of centring and in lathe in 
order to use the emery stick, a machine has constructed 
by Mr. Robertson to rotate and traverse the bars across the 


economi 
these bars bright with emery, and | The 





face of an emery wheel ; and this first machine, on which 
Se Saeed pe a wy teeny Ay eye smi 
Forge, and also be to the members. 





Kirkstall 
and shaping of 


to speak |Uhristion ere, it is recorded + there were “ i 


4 


workers in iron,’ rude in shape at first, no doubt, 
with appliances of the simplest character. As time rolled 
on, however, and civilisation advanced, and men’s wants 
sapeclos” haedisratiecst” embiegeapediappear tier tian 
superior ‘‘ i "ki ing our own times, 
we have sufficient evidence ae tis in om ermal, 
museums, and arsenals, where are found in all parts of the 
world, magnificent specimens of workings in iron, chiefly 
however, for warlike purposes. 

Coming nearer to our own times, and we may say to the 


commencement of the present century, or even so recently 


as forty years , the mani; ion of malleable iron, 
when in an in escent state, into ore of almost endless 
i the ever-varying 


variety, has been greatly stimulated 
requirements of the practical engineer. 

of steam into our mercantile marine, and into our navy, as 
well as the locomotive ine, which was the na 
offspring of our sallena tae called forth the.inventive 
genius of our workers in iron ina most remarkable manner, 
and perhaps no machine has brought out the talents of our 
working smiths more than the locomotive engine. 

The writer well remembers the time when smithwork, 
even of a comparatively simple kind, was difficult to be 
executed, and it was often the case that the designer and 
the draughtsman had first to chalk out the piece of work he 
wished to be done, in a particular fashion, on the fore 

late of his smith’s hearth, and ask his workman, “ Can it 
done like this?’ When he would often reply, No, 
maister, it cannot be done.” 

We must not, however, omit here to mention that the 
rapid strides made in the operations to which allusion has 
been made, are due almost entirely to the steam hammer, 
that wonderful production of the brain of a Nasmyth, 
which, about 35 years ago revolutionised the operations in 
our forges and smiths’ sho; In the present , masses 
of iron of immense ude are aring, paneeeee with 
ease that once was thought impossible— witness our 
** Woolwich Infants’’ and other kindred pieces, such as 
armour plates, and the like, which have first to go under 
the steam hammer. , S 

The pressing of iron into a mould, or matrix, to give 
shape to various articles by the aid of the screw press, 
also been practised for many years ; the steam hammer has 
likewise been brought into requisition for the same pi be 
but to a limited extent only. Reciprocating blows from a 
steam hammer, it is found, do not produce or accomplish 
satisfactorily the kind of pressure for forcing 
the atoms or molecules of iron, in an incandescent state, 
into all the interstices of a mould, where intricacy and 
accuracy are desired. This, however, can be done 
effectually by the inexorable thrust of a hydraulic or 
hydrostatic “‘ squeeze.”’ And this leads us to the subject 
of the r now before you. 

We believe pra pare} , of heey was the first to 
bring into practical and useful operation the “‘ squeezing”’ 
of malleable iron at a welding heat into shapes and uses, as 
they are technically called, previous to their being manipu- 
lated by the smith and fitter. Some years before Mr. 
Haswell’s patent of the machine, or tool, now under con- 
sideration was designed, hydraulic power had been made 
use of for forging or pressing malleableiron, both with and 
without the aid of an accumulator ; butit is to Mr. Haswell 
that we are indebted for the improvements which make the 
by ulic press @ use. The drawings or 

otographs against the illustrate the machine or tool 

+ he has produced for that purpose. It will be perceived 
that it is simply the adaptation of the hydraulic press, on 
the principle of Bramah, with an arrangement peculiar 
Haswell, whereby a ‘‘squeeze” can be given, either re- 
ciprocating, or in one F weig rere poe — the piece 
operated upon acquires the desired s le pieces on 
the table are | of what are roduced : No. lisa 
sector of a 12-spoked wrought-iron locomotive wheel, show- 
ing three spokes with their portion of rim and boss pre: 
out of the solid slab. No, 2, locomotive cross ditto. 
No, 3, ditte (double), ditto, ditto. No. 4, outside crank 
with its pin, ditto. No. 5, piston rod socket, ditto. No.6, 
locomotive axle box, ditto. _ Q 

Description of the Machine.—The pumps, as will be 
seen on the drawings ce Bhetes, ore work tre pos coupe 
direct-acting s cylinder, of large size, the working 
which is directed by an automatical t, so that it 
is perfectly and instantaneously under the control of the 
driver. The press consists nen. & two v cy 
of different sizes. These cy are fixed to a large 
cast-iron frame of cruciform shape, and may be termed 
the pressing and lifting cylinders vely, the one 
below and the other above. The frame is supported on four 

ble iron columns, or pillars, which are firmly secured 
to a bedplate of a corresponding shape to the frame above. 
The two pistons or rams have cross heads fitted on their 
outer ends, connected at their extremities by two stro 
meieeren en Se Zee on the, Deena ees 
simultaneously. e80 8, Lepr through grooves 
formed in the upper frame, and the intermediate steadying 
frame, act likewise as guides to prevent the rams turning. 
hammer, or upper mould, or matrix, is, of course, 


* Paper read before the Leeds Meeting of the Iron and 
Steel Institute. 





to | of petroleum oil in the Yoredale 
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These cylinders act as cataracts or buff 
sudden “‘chuck” incident to the work put 
There is ry By loaded safet; ein not 
0 wings, @ convenien’ on on 
the pipe for in case of need. wil 

press my worked at any desired pressure, 
phy ema by the boiler steam ure, and either a light 
or heavy blow, or squeeze, can be given to suit the work in 
hand. The ity or number of strokes per minute 
depends upon the efficient action and ks ony 4 with which 
the two auxiliary cylinders can be worked, as these regulate 
the inlet escape valves, driver having merely to 
handle the levers of the slide valves. It will be ved 
that no expensive foundations are required, as Poth the 
engine and press are self-contained. 
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UNDERGROUND WATER SUPPLY. 
Underground Waters in the Now Red and Permian 


Mg. C. E. pz Ranog, F.G.8., read the second report of 
the Committee ‘‘ On Underground Waters of the New Red 
Formations of England.”” The Committee 
stated that they had obtained the details of wells in the 
new red sandstone which yielded, at Liverpool, 7,197,330 
gallons daily ; at Coventry, Birmingham, and ington, 
4} millions ; at Nottingham, nearly 4 million gallons ; at 
han 7 million ; at Warrington, 572,360 

gallons; at Stockport, 1,078,820 gallons. The 
me of one Bon ~ Be: was be at A pipe : — ld 
wan, near Liverpool, the average ly yield of which was 
in 1875, 2,583,050 gallons, and the present maximum of 
which amounted to no less than 3,243,549, pumped up by 
three engines from a depth of 136 ft. In general districts, 
as in Staffordshire, important information was promised as 
soon as works now in progress were completed ; and the 
Committee were in hopes of completing the trust given to 

them by the next meeting of the Association. In 
to the Liverpool public wells, it appeared to be established 
that the water in them was ly sinking to a lower 
level, or that, if it was maintained at a constant level, the 
water capable of being pumped was continually diminish- 
ing. But there was not yet sufficient evidence to prove 
what balance of absolute quantity of water still remained 
in the sandstones of the area capable of being drawn in by 
additional wells. Among the borings now repo was 
one at Ram: , near Barrow-in-Furness, which reached 
a depth of no less than 2210 ft. from the surface in a fruit- 
less search for coal. At a depth of 250 ft. a spring of water 
was cut in the permian red sandstone which yielded 13,500 
gallons of water ren 6 flowing out at the top of a 1-in. pipe, 
and rising to a height of 12 ft. above the surface. The 
rocks beneath the permian had been proved by the boring 
to be of Yoredale age, the coal measures being absent. 
An inte: feature in the ing was the presence 
near the A 
poaereting this sandstone 
e Committee called atten- 


which caused the water cut in 
to be much charged with oil. T 
to the publication since last meeting of the final report of 
Her Majesty’s Commissioners appointed to inquire into 
the best means of enting the pollution of rivers. The 
Commissioners stated that the new red sandstone rock con- 
fasr jes Lol a the moe pepapnitle ory ov Baraca) known, 
—e al same a pow er of organic 
Fates dep welle ix Shia ook: maight be sukly ignored for 
m deep in roc! e » for 
being @ porous and f ‘nous rode m a powerful 
oxidising influence upon the dissolved o matter which 
percolates through it. To such an extent was this oxidation 
carried through in some cases, as in those of the deep well 
waters supplying St. Helens and Tranmere, every trace of 
organic matter was converted into innocuous mineral com- 
.’ The Commissioners added that “ the unpolluted 
waters drawn from deep wells in the new red sandstone 
are almost invariably clear, sparkling, and palatable, and 
are among the best and most wholesome waters for domes- 
tic supply in Great Britain. They contain, as a rule, but 
a oe 13 amount of saline impurity, and either none or 
the merest trace of organic impurity. There is every reason 
to believe that a vast quantity of hitherto unutilised water 
of most excellent quality is to be had at moderate expense 
from this very extensive geo! formation.”” This 
area was inly not less than 10,000 square miles in extent 
in England and Wales, with an average rainfall of 30 in., 
of which certainly never less than 10 in. per annum per- 


* Read before the Geological Section of the British As- 
sociation, Glasgow meeting. 
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ere long ‘be mado available for those towns and try 
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ON PUDDLING IN ORDINARY AND 
ROTARY FURNACES.* 
By Mr. Henry Krex, of Worki " 
(Continued from page 265.) 


Fae he Eueen Sarnees 


hie Tiel eresene 
sam w looked upon as a 
tation pyre nto work, with a consumption 


fair represen 

of about 6} cwt- of fettli pgeornnns vome CE pas cone 
of iron, shows only 18.46 the ete Pe in the pig, or 
® loss of 81.54 per cent. »4q Peery, gives te 


elimination of 


the quality of the pig iron, gave 13.7 cent. only of the 
phosphorus in the pi ara fen of WESE per oewh, 

@ now tothe consideration of the Danks fur- 
nace and its products, as brought out by the rts of the 
American Commissioners, which are certainly of a far more 
searching and thorough character than any other published 
reports upon puddling whatever. This will be en up 
mainly as to the removal of phosphorus, the most important 
object in puddling generally, also the most difficult of at- 
tainment where it exists in any large quantity, and further, 
the modus operandi of its removal is precisely the thing 
which is most obscure, and in which the test diversity 
of opinion prevails. The commonly entertained opinion, ‘a 
ti ly among chemists, is that the whole of the phos- 
phorus got rid of passes into the cinder, and for the present 
we will proceed upon that assumption. 

In the Institute Journal for 1872, vol. i, p. 271, Mr. 
Snelus has given us a very ingenious and highly interesting 
and instructive balance sheet of the work done in five 
consecutive turns, which we will just glance at, and endea- 
vour to show how far the labours of the Commissioners were 
from realising the usual practical conditions of manufacture. 
The elimination of phosphorus is there given as 1 per cent., 
producing 494 lb. of phosphoric acid, and for which we 
must look to the refuse cinder. It has been explained 
already, in treating of the common furnace, that this 
refuse cinder can only be, in actual practice, the differ- 
ence between the cinder made and that used over again at 


ing, in which |: 
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pig. The 
$ was 
Hammer slag 
Bottom cinder 


Hammer slag 30-6 —75 
Bottom cinder 


Ss 


mtg 
3% BRS 


4. 
” 3. 
lo 17.3°/, 
Hammer slag 20-6—76 12.65 436 3.375 

Bottom cinder a 11.62 285 3.812 
It will be seen that the bottom cinder of the second pair has 
7.1 per cent. less silica, 34 cent. less ‘sulphur, and 17.3 
less gn ey acid than the hammer slag from the balls 
which had just been taken out of the same furnace. 

A very simple experiment made in April last in an ordi- 
nary furnace will throw some light on the causes of the 
difference between the two cinders. After eight heats of 
common iron been been worked, which were done in 
11} hours, a sample of the cinder was taken from the fur- 
nace. The door was then closed, and the furnace fired for 
half an hour, when another sample was taken. The analyses 


gave : 





Silica. Sulphur. Phosphoric 
Bottom cinder 11.05 .570 4.980 
After firing 9.65 124 3.823 
Loss per cent. 12.67 78.25 21.83 


The immense loss of the sulphur arises mainly from 
volatilisation, but the loss of the silica and of the phosphoric 
acid may be attributed principally to the increase in the 
quantity of cinder from the melting off of the fettling, and, 
perhaps, to some extent, from the melting of the scrap 
cinder underneath. The fettling was hematite ore of the 
very best description ; two samples of it, the first taken in 





le by furnaces y by 
(which, of course, formed this excess cinder) was of @ very 
superior character, is afforded by a co of the tap 


cinders or refuse cinders A and E, with the puddling cinder 
produced by them. Thus: 
Per cent. of 
Iron. 
A; Tap cinders gave 60.34 
A: The bottom cinder 48.8 
E, Tapcinder ... 45.437 
; Bottom cinder ... , es -. 43.185 
If the fettling used by the Commissioners had been as 


rich as the excess cinder used by them, it is difficult to see 
how this could have happened. Usually the oxidation of 
the impurities in the iron at first im ishes the ci 

greatly ; but as this is almost invariably removed in one 


way or another, the subsequent melting off of fettling, and 
any loss ae ee sang Se anaes ean nee, 
at last, to its ordinary condition—that is, if the same iron 

fettling are used, and the ing is performed in the 
ay ms end an 256, i 

C) cin: properly‘says : ‘‘ It appears that the 
quaitan soot af the dllcan upd along qestioned thosdshar 


and phosphorus are oxidised at this stage, and their pro- 
ducts are, therefore, wisely removed in the tap cinder.” 
The A and E iments invert this order of thi only, 
because the fettli ing so very much poorer ti the 
puddling cinder used with the heat was not able to re- 
a it, or even to keep it up to the quality of the tap 


er. 
The above view of the nature of the excess cinder used in 
these experiments, and its appropriation as fettling, will, of 
course, entirely alter the basis of the previous calculation 
showing what percen' of phosphoric acid should be 
ex in the refuse cinder, because the whole of the tap 
cinder will now be placed in that category. This will give : 
Refuse Cinder. Phosphoric Acid. Phosphoric Acid. 
Ib. Ib. per cent. 
494 == 8.763 

to be expected in the cinder, which is still something more 
than double the percentage which appears in the analysis 
of the tap cinders. : 

In the following Table A the elimination of phosphorus 
from the grey pig, 70.313 per cent-, and from the white 
80.494 per cent., is less than what is justly due to the fur- 
nace, because a good deal of cinder was left in the puddled 
bars, which was the fault not of the furnace but of the ma- 
chinery. A comparison between the ordinary furnace and 
the Danks, as to the removal of phosphorus, seems very 
difficult, on account of the extra cinder in the Danks iron, 


any given works, "a June, 1875, and the second in May =a, _—_ : = and of the phosphorus being di , inated ov er @ greater 
The tap cinder produced is statedas ... 563 Ferric oxide ... ace.” “ORY 89.32 hen pu aoe of Pg, ims being con- 
. . “1: centrated in a lesser weight, as in ordinary puddling ; but 
The squeezer and roll cinder produced as 4320 a Ae does +20 it appears to the writer that the Danks coup ts not 
9957 Picsphorio acid ‘race Nie superior in this respect when using only the same quantity 
From this we have to subtract the squeezer Manganous oxide... .018 — ary yy A By the ty~ of the calculations the 
and roll cinder used, which was... ... 7997 Alumina ons _ 3.24 in Table A, the phosphoric acid found in the cinder of the 
five — turns can now be presented. There were 
And this leaves only ne 1960 Total iron ... es 64.94 62.524 wor . . p 
to carry off the phosphoric acid, Average—Iron, 63.73 ; silica, 3.93 Fagen te 
Phosphoric Phosphoric The extra decrease of phosphoric acid over silica is 17 heats Derbyshi Pas —_ 121.516 
Cinder. Acid. Acid. accounted for in the fact that there is practically none in. the i yeuse 9023 = 2022 
lb. lb. per cent. ore while there is a little silica in it, and there are two other a “ 6111 = 42.777 
ino oe es . ee " Bat “ sources ¢ ie’ addition ty Sv ene, Cheagh of omsiier , ° Cloveland 6259 = 50.072 
whi average p cinder in the | amount. ring the progress experiment, numerous ” - : ee ’ 
severt does wet vench one-sixth of this In wip ealesiation, drove were est ved to ary from the evel ant yr ek 8 ,, Barpig, say 4.000 = 12.000 
per cen cinder estima’ remain in the puddle issolve in the cinder, and there woul some m the “ te . 2 
has not been taken into account, because the phosphorus in | sides of the furnace entering unseen; this melted brick | Total phosphoric acid found in the tap cinder 228.387 


it had pees been reckoned in the analyses of the 


puddle bar. 

As it is very evident, therefore, that the Commissioners 
did not by any means com with the ovens practical 
conditions of work, we have to consider the conditions under 
which they actually did work, as the only means of eliciting 
the truth, or an approximation thereto. 

In the five consecutive shifts, as we have just seen, there 
were 7997 lb. of squeezer and roll ci » and or 
4320 Ib. made, leaving a difference of 3677 Ib. more puddling 


as this 


on two days contained : 
Total iron ... ae 59.5 
Insoluble residue ... 14.4 mostly bits of bricks, &c. 
horus . = 

cinder ex: from the Com- 
mimdiny of o taney wg 
applies to a mixture of it with that 
with Iron Mountain ore, and, perhaps, 
for otherwise the puddling 
fettling em- 
increase of 
Two-thirds of the 





would be nearly all silica. hh from the grate was also 
Besnyes to fall and dissolve in a similar way, though more 

lowly. 

Altogether, then, the bottom cinder is superior because 
it has means of improvement not by that im- 
prisoned in the pud iron till by the machinery, 
and if this is the case in the working chamber of the com- 
mon furnace with its sides and roof, by far the hottest 

0 8 oS) Se a brick, and the 
m, another impo! t portion of its area, kept cool to 


Bearing all this in mind, we again refer to the report 
where two samples only of bottom cinder are to be found : 


Iron. 


A, p259 
E, p262 


Cinder. 


of 
—_ of the the usual amount, was 10 tons or thereabouts, 
say: 


Tap Phosphoric 

Acid. 

5687 — 228.387 = 4.052 per cent. of 
y found in 


Epredacs cnt. 


Or taking the weight of phosphoric acid representing the 
phosphorus from the 


iron, we have : 
Phosphoric Acid. Found in Cinder. 
Ib. Ib. Per dent. 

46.232 


494 = 228.387 == 3 
so that, on the hypothesis thatall the phosphorus passes 


rotect the scrap cinder, it must be much more so in the | into the cinder, and supposing that the analyses given are 
Danks where the whole interior of the puddling | correct, and a fair representation of the , the amount 
chamber is com) of fettling of a considerable thickness, | of cinder should be : 
thus giving it the benefit of a additional source of en- Cinder Given. 
richment, and removing a cause of impoverishment. Per cent. Ib 


46.232 + 3699 = 1219 ~ 
uired to carry off the 494 1b. of phosphoric acid, showing 


a deficiency of 6556 Ib. over that given, and as the weight 


dled bars made, deducting something for cinder in 


Ib. 
6556 


Tons 


ewt. qr. Ib. 
10 = 5 3 12 


+ 


per ton. This would necessitate a consumption of about 
the same weight of fettling in addition to that already 
given, or : 


Total Fettling 
Required. 
ewt. qr. Ib. 

22 
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TABLE A.— ELIMINATION or PuosPHorvs. a pensen of a geod i yo emery ong wing - if 
Calculated from the Commissioners’ Reports on the Danks Furnace. ordinarily good to give 58.16 per cent. of iron in the refuse 
Pra. Poppi Bans. | Omen. greatly from that of ‘Ms Danks if the American expert 
: Piowbens ments, | Hointroduced his iron ; y melted i he did not 
Name oF Iron. water, or cinder, in 
Pounds. x hoa vom Pounds. co rom Lbs. P. P.O, | Pounds. aes. eg airy My es the boil "the os Bar lowered 
phorus. | phorus phorus. | phorus. wij a ~ did oot shareo dell dindar at all, ron Pong pearl to 
ee bled on Are off. Then abe a quantity 
Cleveland A ...| 600 x 1494 => 8.964 676 x .486 = 3.164 5.800=13.284 | 266 x 2.353 = 6.259 pet con phosphoric in 
Coneygree {C ...| 620 x 632 = 3918 | 700 x 246 = 1.722 | 2.196= 5.090 | 217 x .982 = 2.022 ain oo oer about what has become of the phos- 
Derbyshire E ...| 600 X 1.040 = 6.240 | 661 x :218 = 1.408 | 4832=11.066 | 180 x 3.971 = 7.148 | Phorus from the pig. a : 
Tin-plate L ...| 600 x .216 = 1.296 | 655 = .058= .380 | .916= 2.098 | 385 x 1.1390 = 4.350 (To be continued.) 
Totals... 3.382 1.008 31.478 19.779 FOREIGN AND COLONIAL NOTES. 
Removed from pig 70.313 per cent. 29.689 per cent. of P. P,O, lost P.O, in cinder ove I the — ay.—For some re past a bridge of 
in the pig. 37.166 per cent. {62.824 per cent. some importance has been in course of construction over 
pert quice o/ at _—— s nd 16" a “p « ay 52 miles 
Crystalline H ...| 600 x 2.176 = 13.056 | 605 x .386 = 2335 | 10.721=2455 | 1397 x 3.36 = 4.603 | South-past from Adelaide miles from 
eT | 600 x 2.176 = 13.056 | 592 x 1322 = 1.906 | 11.150=95.53 | 169 x 4279 = 7231 a eeotunately ye ee i bat 
y J «| 600 x 2.176 = 13.056 | 615 x 446 = 2.743 | 10.313=23.62 | 154 x 4.22 = 6.498 ceo i is nearly 1 130 ‘ide, 40: that the wt oe Rey 
Bar pig P ind -567 .230 Cinder not given. t abateneit to abatement the 
oa i Eaonserabe lug of 600 vend edad “aoe 
Totals. 7.095 1.384 73.70 18,392 | Goce aoler the Sivastion the eupinoer-in-ehiet, Mr: H 
Removed from pig 80.494 per cent. 19.506 per cent. of P. P,O, lost P,O, in cinder Cc. ; but two since Mr. andor Mr. Mas ‘he 
in the pig. 75,276 per cent. 24.724 per cent. superintendent of the work, of course under Mr 
structure is of iron throughout, the abutmentajor 
stone, which is quarried on the spot. The whole of ss 
TABLE B.—E.imInaTION oF SILICON. material still required has has been eng in England, and 
Calculated from the Commissioners’ Report on the Danks Furnace. when it arrives, little time will be los & pees 5 it in its 
proper position. The flooring of the t been laid 
over the portion spanning the river, ri os ——- for con- 
Pia. PuppLED Bars. CINDER. veying materials has been constructed part of the way 
me ets op ma 96 ft. At toe tsb adie ine 
Name oF Iron. | Removed FIVOE. 00 A GENS & Copeh As e some 
twenty more pairs of cylinders had still to be sunk before 
Pounds. |Per.gont/Pouas- | Pounds.|Percent] Ponds | ps. Si. Silica, [Pounds. |Fercent] enna | the two banks would be connected. | 
Coal in the Hainaut.—The Is roduction of coat ta Sho 
an ecg ay ae | 
Cleveland A 600 x 1.236 = 7.416 | 676 x .144= 973 | 6.443 = 13.8 266 x 6.73 = 17.9 | gate value o or @ 
Coneygree C 620 x 2.253 =13.968 | 700 x .882 = 2.674 |11.294 = 24.2 217 x 15.75 = 34.1 | the coal production of the same only amounted to 
Derbyshire B 600 x 2.151 = 12.008 661 x 387 = 2.558 10.348 = 22.19 180 X 17.57 = 31.62 acy seneigs She oom veut cnuplayed Oh000" Last 
= d ee. &. * = » « = ry ear tk 
plate L 600 x 3 x 232 34.78 385 x 17.29 66.56 | oa mot A i in 1874. ‘The 
oreo ite atl. Se 3s., ne ae ra + aoe 
amount or ra more ¥ 
Totals ... 8.878 1.401 94.97 150.18 | SOMthan in 1874, per 
Locomotive vag Soh on the Chicago and North Western. 
Crystalline H .. 600 x .895 = 5.370 605 x .333 = 2.014 = 7.18 137 x 24.77 = 33.93 oot run by locomotives on the 
es | 600 X .895 = 5.370 592 x .421 = 2.492 | 2.878 = 6.167 169 X 21.06 = 35.59 North Westra Hard tn the yout ending May 31, 
* J. o 600 x .895 = 5.370 615 x .692 = 4.255 | 1.12 = 2.4 154 x 20.49 = 31.55 Tar6 ons 9,921,156. miles, against 9 72,894 in the year 
Bar pig P .. 1.091 312 ending May 31, 1875, showing an increase of 348,261 miles, 
- 3.64 per cent., in 1875-6. nines distance run 
by engines in was le iy : Passenger 
trains, 2,573,777 miles; freight trains 48, of miles ; 
Sam. cmoeres es asieed 101.07 wood trains trains, 77, 777 hasan gravel trains, 640 214 miles ; 
and switching 1 '992,870 miles. 
generally, and this large loss of phosphorus ht lend a malting off Fag abone ond on the top, as frequentl Belgian Coal Ewports.—The exports of coal from 
colouring to the theory lately A Ln of ee being — sa nea om Food, as to enya d Belgium in the first seven months of this year amounted 
carried off as phosphoretted hydrogen ; but, unfortunately, | sulphur, and Dhee om are made from the analyses given | to 2,108,000 tons, - R. 278,000 tons less than the corre- 
the heats in which the test loss of phosphorus occurs ou pages S88 in the same Institute Journal, quoted | ponding exports in he corresponding period of 1875. The 
were heats in which little or no water was used ; besides, ore (vol. i., a They show a wonderful elimination aene of coal andy Belgium to France in the first seven 
when we turn to the silicon, a similar loss appears in that | of phosphorus, but do not refer to the same heat of iron, | months of this year were 2,081,000 to ms. 
element. Taking all sources of silica— because the machine broke down. It is presumed, how-| Railway Hospital Ca ages.—The staff at the work- 
Ib. we ot. Ib. ever, that the pig used was the same in each case, or Mr. shops of Roumelian way Company at the Yede- 
Bilbaoore .. 3,711 x 187.55 Williams and Mr. J Jenkins, who witnessed the experiment, Koulé (or ‘‘ Seven Tore? station have hee been busily en- 
Marbellaore ... 1,880 x 2. 78 = 146.26 would ene stated the contrary. gaged of Jate in the preparation of eight ambulance car- 
Pig + 21,602 as given in report 930.00 I Sili Sul- Phos- which the company has placed at the dis of the 
Excess cinder... 3,677 * 144 = 529.488 ron. Silicon. phar, phorus. | BAS wets for the conveyance of sick and wounded 
Sand on pig ash Motel ran from cupola Idiers during the war. Eight of the largest goods 
‘and melted rick 21,602 x 2.0 = 432.04 (Pattinson) .. 92.983 .658 .114 2.173 | * lected for this 
one Metal run from cupola pen a Wed i to Delamenn adie ~ _— be A d by 
We have a total of 225.338 (Ainsworth) 94.260 610 170 2.190 | fre"Austrian Knights of Malta, 
And turning to Table B, for the weight of silica per heat, —S ht beds, arranged somewhat in the ee So in 
we have : Average si 93.621 .6384 .142 2.181 eight 5 cabin ; they can be used as litters when required and v4 
Silica Found go ny - Paddled bars once ean be hooked on and off their laons om the arrival and 
Tn Gonapere oe _ re ye Poidied “bars na Peres Mite. eee i hea i eng with success ay so ay oy come 
7” Coe 33.69 = 23583 heated (Ainsworth) 99.550 .070 .040 0.100 | German wa gle a : berths - yeevines Seen Ge moe 
ps . - ' meee ‘jee elie (ackbamie -"eeemiiaa, ave each a pulley placed 
: ” Cleveland .. one be read a Average 99.552 .083 .022 0,128 | above them, by which the patient can change his position 
” Pig, Bay oD aus Puddled bars twice from time to time without difficulty. 
Total 1052.67 heated (Pattinson)... 99.399 .245 .005 .164 New South Welsh Railways.—The Government of New 
oF, oa : Paddled bars twice Ronn Waise © about Se with an extension of one of 
omnes Silica from heated (Ainsworth ) 99.620 .340 .050 .170 ae into 8 octae Os wo Reh ce oe us. wont term » the 
Son: F ae » t. ——a ee ee . oe carried on from 
0'2225.338 eee So verago 99.509 .292 027 167 fear Heafern and at Darling ‘Harbour. Plans relating 
being only 1.072 bat than the eoult of a itlatio a e four. —— —— -— —~—— | to the extension have been submitted to the Colonial 
gives as f higher a ms| Avuddledberanalyscs 90581 188 0a5 ads ment, The estimated cost of the, works is 170,000, but 
Tt should have stated earlier that the surfaceof fettling a io | t joes not include or of @ permanen 
in this furnace was probably something over —— feet, Fe. Silica, Pupepporie gencneses i. bat vy a temporary wooden structure. 
or some five times greater than that of furnace, Cinder from metal during he ee sy hg over Belmore Gardens by a viaduct 
and the quantity of fettling used, which as be seen the boil (Pattinson) 58.49 12.10 6.81 supers Le cuties Oi oh arches to the third , which 
: her on, compares ——- with that of - & te. Cinder from metal during Hay. abethstret crcnyel ay hoa with 
‘urnaces, no it ! . J 
ispeosroit ae dn are bom grains Gen ge | tbobl CAtnworth) == stan 2.00 4s | Hays he areas aps fsa Eas 
mush time has been taken up with the Danks furnace, that .. 5816 125 6.63 being 26 ft. 
oie eT Ee ee wane ible. The amount of p in the puddled bar average A Large French Rail Order.—It appears that the Paris, 
Mr 8 is a square furnace, the being the four samples fs 0 ly 6.786 cent. pp elena} Lyons, <a Modieesteaes P mee Com; y has con- 
round, and has 100 sanare feet of feling area, but the in the pig, being » loss of 99. 14 cent. This is an| cluded contracts with the cen. ae Se 
fottling is kept very thin, the working he believes, | immense superiority over either the or the ordinary, | Terrenoire Works for the Fang of 150,000 tons of rails. 
eee bing Fees Paget hE | the object of but the very high of iron in the puddled bar, Ene detteany of thle aunt ot see 30 be spread over a 
aoe fe peovent aecen agen and to 99.53, ioe t there not have been much, if any, | term of five years. The intelligence has been received with 
the better removal of the phosphorus and other impurities, cinder present ; iil in the Danks, Snelus estimates Ee ren tm onee nore ON IS Oe WEF 
by making the fettling pass h the iron instead of | 5 per cent. of cinder, and shows pretty clearly that this was | low rates. 

















ENGINEERING. 








[Sepr. 





29, 1876. 





































PRICH List 
































































OF MATHRIALS. 









































METALS. p Ti—~Continuad as «6 oe THursDAY, Szpr. 28, 1876, 
8. ® English Dars......ccceser 76 hy 
ANTIMONY OnE (perton)— 14 6 15 © English refined” y H 2 ° SOS Sets pinot «12 10 © 1610 0 et ot nk. e S ee 
Regulas (tar) ....0e008 59 9 ‘G8 © Australian......... 7° 10 deals sorsennee 12 @ O IZ 10 © Greenheart g o 68 
Bnenasx &. 4, 6 a. | Tix Puares (per boxy" ; nw” Demerara Morra........... 7 ; ° 74a $ 
Yellow sree: SoS fig a a 3 88s (Battone inte” Bullet tree (Per £008)... © 2 0 9 2 6 
CAsTINGs, TYNS AND OLEVELAND, SERGEIND in tecsesreenes 6 a deals FRoM THE BAL’ 
(per ton)— en £8. Bgl? She a. O52 pe are SA (Perch ttstring measure) 
— A. : A ‘ 15 | Sto (per ton) — & i £8 ” ES tom ~~ 719 0 B10 0 * Dental. ad 7 %..9 38 
Para Te | 10 Wins, Fencing see ceeeeecee o 9 © ‘aia be battens... 7 © © eo Memel crown .......... 0 2% 7 © 110 
Gem sssreaesersgees IE 10 1§ 10 RICAN DEALS— ; — ditto, “other ikinds or 3 
Chil DSP rar sn oT » Telegraph (galvan'sd) 17 5 21 § Quebec Ist bright pine... 21 © © 35 10 © ~ Stott eccsencesssssnressessre O E 2 <r j 
OSEPOLIATD ss seeesven sevnense ° 7% © - -. eae s N a Se Od. 
Raglish tough; bests 186 COALS AND COKE. jerry ge cen! 5-5. 5 
— har Ava 28 . HL . Coaxe (per ton}— ot eee Floated pine 4, 208. and 10s., less for Ist, Warnsoor (Logs calliper 
Shoots, &c. seddddllecdtbectia ° s © Barrow cnssesrssssessssssrenes TO 8 13 0 Oanadian Sw log , Riga, &c. 
% © 88 © BE: cmepdncnanel: i a ap oO nea ~ a - sd ae eee en SSS st 2 
” ” oo eeeeeeeeceesceces 
es tonal, ‘ri “Perey warnunens 8 9 19 9 moeme 8 ee Och tube, Deauip  -° ° 5 6 
12 «(oe 4 °@ a Seetasincione ed New Brunswick spruce. 8oeo 81090 (string measure) ...... © 2 0 © 2 6 
ig © 22 © an ww 8 &@ 2,9 a 5. oF. E, Isle spruce 8 © Pit lineal 
Pee ORR E OOS FORE OEE od 8 se e mend red yard ° » " ° . 4 
inom Pie Pree mt tae 6 itto battens .... y10 0 8 timber per foot.,, 
cocceoceeccssee ° 0 6 v 8. pitch pine... The eam © 
67 6 oo 0 WEIRD scosccccorcscsesccoere 9 9 10 6 me ee ee DkALs, &c.— 
ae A ae Po S| suman ons = 
and 
p : pr Ps ‘Cleveland ....sreweserrnne 10 © 12 0 $100 400 © 16 $ © 
py bee te 220 4% © 4100 § 0 © © 13 0 © 
we ia A : $0.9 $10 o 6 11 10 © 
4 © 500 om 5 0 
Walsh (South Wales} } ° $ s os GREASE, & LUBRICATORS. Sag'e'se@e an. o 
4 @North Wales)... 62 © 78 © b , ah a a 22 39-9 2 = 2? 
No.1. No.3. » pale... ° 4 ° 410 © H ° ° ° 34 ° ° 
Beoteh Pig— . @s @, " o 8& © 4°0 g00 seesseeee ome °o 
Gan,, atGlasgow......0. $7 6 $§§ 6 hale, pale...., 10 63g (O 4t0 0 g10 © vn Geile and sick.” . 
Gartsherrio seosenccescsceevee OF 6 Ss? 19 VOMOW ..csesccessevee ° 34 0C«<“ie . 410 0 §10 0 HOM ..,....04 © 4 0 0 
68 6 58 © 99 DEOWT sscrsessonsoree 28 10 90 0 710 0 810 0 yy &e. (per foot'iin) 
SUMMCTICS scrcccccecccrescee OF 6 $$ 6 | BET Maecsesserersnneennnncnnsensee 3 8 © City St. Domingo , 
$ 1 seeveesee eee 3s 80 © ° 1m 0 cocoon © © 8 OC 8 6 
LADgIOAD sicrescrrvrerree 06 9 $7 © PerRoLEuM— eee ee 1 0 © 13 © © QED wccselecerceceeee © 06 co 0o 
CATDDTOS .,.epcscsereeseeree $9 : s6 0 Fine (per gallon) ww. 1 Oh ot 7 — seer © 5 © © ° 
6 4 ; Pind i or ot ecoccncce «CSCC rt Australian ircabanie : 2 : es ° Sleepers, Hae 5 = ooo © 38 0 o 6 
6 sg 6 greerenrecceereereees 8 © 8 6 BALTIC TIMBER (per load vumne eo 3 6 © 40 
o 56 6 pramneat = oe we } = “sey ckere ’ swe 4ge ” | ” ° 30 © 3 6 
seeeee ” ’ o° 2 
6 $7 © Coylon UMP aieeseens 12 9 18 © tesa Nealerowe ETB Se ” semaenennonees © 9 3 3 ; 
° $s 6 » chips “Bee eT good, middiing &&.° 4 © 
. $$ 0 tiellen dust 7 9 8 6 ss and 2nd $00 400 (Per load). 3 
o-e °° common ~ mid- 
6 = Ranwar  @ " “Ging Memel crown fir timber ... 
6 $7 © cwt.)—Rose 288 © © o undersiz ap. © + Qe. 0 2nd 3 ¢ See ° 
° 6 Ream r owt.)— . 212 © 3215 © Riga and Dantsic'Ind ...... 3 § © 310 © 
alongeide) meses 6 3 ry ae ” weceee $ § O@ 410 0 
TALLOW (per cwt.). 25° 210 0 Sw e én 
I ieee a PE es POE — hee ee 
ak ee nono ge Pe 
Yorkahire thorns pig. 60 © 63 © Bt. Bote heep + 4° «2+ © Rr Og Ey QUebeC CLM ......000 screeners O 2 7 © 2 Q 
Midsdale N 2..106 © co 6 esbur, 0. 47° #47 «3 FLoorine Bo. ” 19 023 
Inow, ieee £0 £ 46. pen Ts. ae of 1 in.)— (erm St, J0hn's bined eae oes 
Cleveland angles... 6 § 6 15 Ta holm(perbarl.) 19 o 20 6 First yellow... ~~ Petersburg standard), 
: DOPE seccueeee 6 § sa Archang o 6 Be » White ... t Arch. and O mage red... 16 10 © 1710 © 
» doller plates, 8 © 8 10 | ToRpENTiNe—Spirit— Second qualities » Petersburg red .,,... 16 10 © 17 10 © 
ship plates...... . y 6: Frenc! ty alate ccs 8 © @ © ‘The ahove p white. 1010 9 11 0 © 
: ee ee oe ee 
bo 38 WHOLESALE Puices OF TIMBER, D 6 ib10 0 
ee on CHEMICALS, &, Faou Baran Noata Awana, @ 1110 © 
° Ds — 8. 4. : 
H an 2 Saipherie uafortis ( — a ae Py : — a on - 4 13 ° 
° 2 ° a> @ eee oot string measure) £ea 4. £258, 4. fi eeeee © 1210 
$ 18 1 ene \ el i a quebec yellow squats wo 98 OC Os 4 | me oe pat siandard for deals, &c, 
$13 6 10 | Ammonia — M wer £8 £ 8 Ps ert eat 036 Is. 6d. por loed for timber. 
/ 1 © mm © COM)...erseerserensenseneen a o 35 © Se john’, = Win... © 2 2 © 2 § 
8 10 869 10 Anau iniertemaen “tah on. | | Se 6 (Per cable fot > 
hi 
er a ae oi 4 81's | itm asp arergeisic, 
2 S ‘ seaseanse powderpercwt. 6 6 6 9 " > ry Fy “aie 13in., 
—" orf - © 
eae Bis iin Me. i ie a “3 6 4 9 oe te ee So shuanx | *:* 2 4a 
SP Ulan 6 O....6 oss o 3 8 WAGE wwsvcrnne © 1 $$ 0 1 4 
quaker uvan (pb ee a Flour .... 3 10 ye e017. 020 Ditto, + egenmnon 29. 8 up. eo omgort 
Sonar ( vee 10 10 
O14 ralla ae ali Corrans — ~ green (per —— “Te, m, . . : é pint +a, 263 232% 6 
ee o | Copper — Sui io o~ standard, 
giSih atl ata ex: ee, a: © i ° ~ he ‘oor 6 9 e ret Joh se °3 3 0 4 6 oo 915 0 1000 
Silesian, Common ......, 93 1$ 23 © ceitice Sa “ sae ; on Z Gefle 2nd red deals. . > e ; : 
SPIRGRLEISEN (per ton)— a. of & ein ova Scotia and » battens and boards. so © 08 © 
an apeeapcrreragn sac 6 oO 6 3 oo e Masts. Q aaa op eee =. * M4 ? 6 210 © 
COMMON serssvesecsereevrrves = oa ond Weaetaw 20 ~*, bellied 
cuattinttiets geo '3 = = (CaMlIper) .....cerceseeeseee ©2326 ege Pélarsburg int red deals. 12 § © 1210 0 
= ton) ed emai aes (per , —— vo aoe © 8 5 © 
— pe een +] e £ < -— 6 * Petersburg standard) 5 Jot white deaia 3 3 : oy ° ° 
single ence’ 99 © fF © 6 ba aa eds oe) ~ 9 eo 0 33 09 0 Gottenburg 2nd red battens 11 10 © 11 15 © 
English opting Gime mee e's “ERS ‘owe a spe ~~ ave Quebes ist vette 7 $ ob 0 
et ertersecctcieeeses ORO "SR © Cot , A, a oe 0 § © at pine 3in. x Tin. 
i nants “ 1 ~ - SODA Caustic c.cccccrccsseevees 19 3 x ; se, Jou pr som 710 0 715 © Diste dea Sea” src 8S woorse £0 20 @ 93 18 0 
- al ssn io: a ay S Ditto, other paris wow 7 7 6 710 © | Ditto, ditto, ded... — Sara pe © 
a ae a ak TIMBER, DEALS, &¢. ” ~~ 71§ © 8 OO for labour 2s. per standard for deals, &c, 
0 Ee ee ge ee 8 LONDON, Boards, pine........00008 710 © 810 © and 1s. 6d. per load for timber. 
ingots... 9 © 8 @ | {PerPetersburg standard) £ 8,4. £8. a Se ee Sake 
AWEDISH IRON (Fob. at Archangel ist yellow...... = eo 6 1 ° bee 
Berio at — eoow ee From THES Unirep States, EAST AND Wast ) 
seenaseagseereeeensen senses ses i 4 6 ° Potersbarg | AMES a eo m7 oo INDIES, AND AFRICA. 6 1210 H 
poneapopecgneasececee FOEE x00.00100-00000000 11 10 © (Per string om 7 
Tx'gerwa— nn 8 Guant aun tes! nee ee 8.4. £.4. om ge 
ito Steen nee ceneneoenens ens o 3 e 10 — yell.and white... 1 © © 14 10 © om ~~ : 4 - ; $ a . 
Pee ene ttOreneeereeseeees ° orway deals be ous 
arensitene seeseeeee FO 10 gr @ sorts ....... ematenmeenns, © e 110 © (Per load onltinen logs... 2, 8: 0.4.9 © e080 
Baguak ingots 2a % © 7% @ Norway battens,alisorte ¢ © o 810 © Os; talon teens EF, 4 10 © 1210 © Wren én Salley teushe. Bote 
Tae Sourm AvusTRaLiaN Coat. There i 
_ are about 
sees ene Ss Seer nck St. Vincent’s Gulfs, and on mtr to me re Ringe Pm ye rae a cnstane soe sent -wesinen Spee Island. There 
thern coas ustralia. The coast line and the Fafa lighthouse oes whe Sooen se = 
entrances to the several harbours are on, south-eastern coast; Cape Wil- | Shoal, Port Wakefield, and Port M‘Donnell. Several others 
ainply supplied with | loughby and Cape Borda lighthouses, built on the south are also , or are in course of . 











Oct. 6, 1876.]} 








ENGINEERING. 


289 





PATENTS.—No. XI. 


NOTES FOR THE GUIDANCE OF INVENTORS. 
By W. Lioyp Wise, A.LC.E. 
BELGIUM. 

Ezxtent—11,412 square miles. 

Population—b 087,105. 

Produets—Manu/factures — Remarks. — ium is 
divided into nine provinces as follows: West 
Flanders, East Flanders, Hainault, South Brabant, 
Antwerp, Limbourg, Liége, Namur, Luxembourg. 
The country is for nearly a fifth of its 
surface covered with forests, principally however 
in the south-east. They consist chiefly of oak, the 
bark of which is produced in sufficient quantities 
not only for the use of the tanneries of the country, 
but also to allow of considerable e tion. 

The western provinces are nearly destitute of wood, 
but a large quantity of turf abounds, and is used 
extensively as fuel. 

Some of the towns are ‘very important, more 
especially Brussels, Ghent, Antwerp (the principal 
seaport of Belgium), &c. 

The mineral productions are very valuable, con- 
stituting the chief source of national prosperity. 
They vary in a greater degree than those of 
almost any other part of Europe. The principal 
are coal (the mines supplying a greater quantity 
than that obtained from any other European 
country, notwithstanding the comparatively limited 
extent over which it is worked), iron, lead, 
manganese, calamine or zinc, &c. The two principal 
coal mines are those of Liége and Hainault, occu- 
pying 100,000 and 200,000 acres respectively, and 
comprising together about 470 square miles, The 
number of coal seams in each is considerable, but 
the beds are thin and disturbed, special modes of 
working being necessary. The quality of the coal 


varies greatly, including a peculiar variety called } Leath 


the Flenu coal, of which there are nearly fifty 
seams in the Mons district (province of Hainault). 
The total annual produce in the kingdom is quite 
ten millions of tons, of which more than half is 
supplied to France. The quantity of coal annually 
obtained from the mines in the province of Hainault 
alone nearly equals that extracted from the mines 
in the whole of France. No iron is found with the 
coal, but it is obtained in abundance close to the 
coalfields, more particularly, however, in the pro- 
vinces of Liége and Namur, and near to and between 
the River Meuse and its tributary, the Sambre. 
Almost half a million of tons of iron are wrought 
annually, Calamine is found chiefly in the neigh- 
bourhoofof Liége. Alum, manganese, pyrites, 
and sulphur are found in various parts of the kingdom. 
The chief mineral provinces are Hainault, Namur, 
Liége, and Luxembourg. The manufacture of 
woollen goods is the most important, a vast quantity 
of wool being imported for its supply (in 1875 
the total quantity of wool imported at Antwerp 
amounted to 249,015 bales). he chief seats of 
its manufacture are Liége, Verviers, and numerous 
— in the provinces of Brabant, Flanders, and 

ainault. The manufacture of broad cloth is carried 
on to a very large extent at Verviers and in its 
vicinity. Carpets are extensively manufactured, 
especially at Tournay, in the province of Hainault 
ey. of the kind called Brussels carpets) and at 

ntwerp, Bruges, Brussels, Courtray, and Ghent, 

The linen manufacture is carried on principally 
at Ghent, St. Nicholas, and Termonde, and damask 
table linens are extensively made at Bruges, Brussels, 
Courtray, and other places. The linen cloths of 
Belgium are held in high repute. 

he manufacture of lace is an industry in which 

Belgium is unrivalled. It is made from the thread 
of the finest flax, and the finest descriptions are 
produced at Brussels and Mechlin; it is also made in 
large quantities at my * Bruges, Courtray, 
Menin, St, Yvon, Ypres, &c. The chief cotton wor! 
are situated at Antwerp, Ghent, St. Nicholas, Turn- 
hout, and the provinces of East Flanders and Ant- 
werp. The manufacture is considerable, the imports 
of raw material for consumption in such manufacture 
amounting in 1875 at Antwerp to 180,428 bales. 

Silk is manufactured principally at Antwerp and 
Lierre (province of Antwerp). It is a considerable 
ndustry and is improving. There are large estab- 
lishments for rearing the silkworm in the neigh- 
bourhood of Brussels and also near Ath (province of 
Hainault). 

The iron works are very important, and are 
chiefly situated in the eastern part of the kingdom, 
on the banks of the River Meuse and its tributaries. 

At Liége there are very extensive manufactories of 
steam engines and machinery; ironmongery, fire- 





arms, cannon foundries, &c, Namur is celebrated 
for its cutlery and firearms, At Verviers, Charleroi, 
Louvain, St. Yvon, Mons, and other places,'there are 
extensive metal works. The businesses of tin; 
and publishing are very pes carried on at 
In the province ofLiége and Limbourg a considerable 
manufacture of straw hats is carried on, There are 
8 refineries at Ghent and its neighbourhood, &c. 
“Weske to convey at a glance some idea of the 
extent to which various industries prevail in parti- 
cular districts, the following tabular statement has 
been prepared : 





East Flanders, 
West Flanders, 
Limbourg. 


Antwerp 
Brabant. 





» | Liége, 





Blast furnaces... ...| *** 
Braziers... ... «| 22 
Brewers’... eee ooo 
Bronze manufacturers} **: 
Candle i 4 
Carpet pa 
Chemical jes soe | 44 
China and glass ,, coe | ove 
Clock and watch ,, soe | vee | SV] 6 
Cloth je coe | soe | vee | 62 
Cotton ne 
api rs manu- 
Meter eee ane| ** | 12] 2 | wos | OF 
Coal companies and 
Ps mine —— soe | cee | cee | coe [LOL 
pper - smiths an 

founders mene 25 Se ee 
India-rubber manufac- 
turers ... eee eee] oop 5 
Iron and metal 
ae Iron rem 
and railwa ant 
ccnaiiemeeee ck 20) 6] 2) x | SPOR phot» 
Iron and mineral mine 
proprietors ... woe] 22° | Be] coe | ove 
Lace manufacturers ...| 14 | 89 | 35 | 46 

er 12 | 44 . 


$ 0c | Hainault. 
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Linen and cambric 
manufacturers fo. REAP Ge Bao. > oe 
Oil manufacturers and 
refiners... ooo woe ses | 45 40 | 17 
Paper manufacturers...| 19 | 29 
prietors 
(marble, ite, sand- 
eae, EN CHEER, 
Rolling mills ... —... 
Ribbon manufacturers} --- 
Sewing machine ,, “ 
Shipbuilders ...  ., 


Silk manufacturers ...| 14 
Soa: 13 


a8 
on 


80) 6)...) 14/17 


ors 
~ 


re) 
oO BSHHIOe DD 


p 4 ee 11}17] 9 
Staff manufacturers 
(wool, silk, and cotton)} «. 78 | 28 | 4] 53 
Sugar: manufacturers} 
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In addition to the above there are in various parts 
of the country brick, button, bolt and nail, chicory, 
chocolate, cutlery, firearms, glue, lamp, piano, 
pump, match, stove and grate, steel, straw hat and 
cap, starch, sealing-wax, and vinegar manufactories, 
and also distilleries, engine works, vice and anvil 
manufactories, and steam saw-mills. 

This statement, however, must be taken asapproxi- 
mate only, since the difficulties attending the pro- 
curation of reliable data render it impossible to vouch 
for absolute accuracy. 

The imports of Belgiam are chiefly colonial pro- 
duce, such as tea, coffee (imports during 1875 at 
Antwerp 537,540 bags and 3553 casks), sugar (im- 
ports of raw cane sugars during 1875 at Antwerp 
14,754 tons), and the wines and fruits of Southern 
Europe. The imports of fruit at Antwerp in 1875 
comprised 1816 packages of almonds, 5916 boxes of 
lemons, 34,486 barrels of currants, 85,023 barrels of 
figs, 3931 bales of nuts, 40,640 boxes of oranges, 
20,264 barrels and boxes of prunes, 29,840 boxes of 
raisins, Wool is also largely imported (imports at 
Antwerp during 187°, 249,015 bales). The princi 
imports from England are East and West Indi 
produce, besides various English manufactures, 
cotton cloths, cotton yarn, earthenware, hardware, 
tobacco, &c, There are also other imports, such as 
grain of all kinds, hemp, hides, hops, horns, oil, 
petroleum, resin, sheepskins, hewn and sawn 


wood, &c. 
The principal exports are agricultural produce, 
such - atte, com flax, madder, vegetable oils 
(hemp, linseed, rape), also manufactured goods, such 
as cotton cloths, cutlery, and ironmongery, fine 
linens and cambrics, lace, lawn, woollen cloths, 
&c, Clover seed and oak bark are also exported, 
There is no country in the world in which agri 
culture has attained a higher state of perfection 
than in Belgium, Although the greater part of the 





soil is not naturally fertile, some parts having been 
i iy very sandy and barren, the industry and 
of the inhabitants have been such as to render 


g | it highly productive, there being about seven- 
eigh’ i 


4 of the soil under cultivation, and about 
twice the amount of corn required for home con- 
sumption being annually uced. The Pays de 
Waes, between Ghent and Antwerp, in the province 
of East Flanders, is especially distinguished by its 
abundant productiveness and high state of cultiva- 
tion. Great attention is paid by the farmers 
(whose farms are generally of small size) to the pre- 
paration of the soil and the rotation of crops. 

Barley, oats, rye, and wheat are very general 
crops, The wheat of Liége is consid to be of 
excellent quality. Carrots, potatoes, and turnips 
are extensively grown and are ially used for the 
feeding of cattle, their chief food, however, being 
clover, which is grown extensively for the purpose, 
the cattle being mostly stall fed, 

The cultivation of for the manufacture 
of sugar prevails to a considerable extent, and is be- 
coming more end Flax omer is psa igg rh a 
very ordinary crop) is very largely grown in the 
— of Brabant, Hainault, and East and West 

landers. Itis a staple produce of the country and 
is of first-class quality, Besides supplying the de- 
mands of home manufacture it is largely exported 
to England, France, and other places. There are 
many other important agricultural! productions, com- 
prising chicory, hemp (cultivated with great care), 
hops, madder (chiefly grown in the provinces of 
Flanders and Antwerp and used for dyeing pur- 
poses), tobacco (grown chiefly in West Flanders), 
wood (also used for dyeing), &c. i 

Oxen are numerous in the northern and eastern 
provinces, and in Limbourg the breeding of cattle 
and the culture of bees are advantageously pursued. 
In the most western part of Flanders, too, large 
numbers of cows are kept, and a great quantity of 
butter made for exportation. Excellent wool is 
obtained from the sheep of Namur, and the quality 
of the flesh of the sheep of the hilly districts of Liége 
and Luxembourg is thought very highly of. Flanders 
is noted for its breed of horses. ‘The rearing of live 
stock, however, is not so well attended to as the 
cultivation of the soil. 

The internal communication is very good; the 
system of railways, however, is the most distinguished 
feature of intercommunication, being very extensive, 
more 80, in fact, in proportion to its size, than that 
of any other country. tei is chiefly under the control 
of the State, a great part having been undertaken 
and the cost paid by it, The system of rail- 
ways is very uniform and connected, the centre 
being at the town of Mechlin, and the construction 
of the various lines has vastly aided the development 
of the industry and resources of the country. The 
total length of State lines and concédes was some years 
back about 2357 miles, and the cost of construction 
over thirty million pounds; the State revenue from 
these lines was, three or four years back, nearly two 
and a half millions, 


Canals, too, are numerous, the te length 
being nearly 300 miles, and the renee ing those 
connecting the Meuse with Idt, and the 
Scheldt with the sea at Ostend, 


The roads are generally of excellent construction, 
and both wide and regular in direction. 





BOSTON AND COLORADO SMELTING 
WORKS.* 
By T. Earxston, Pu. D, 
( Oontinued from page 248.) 
IV. ZieRGOveL’s PRocEss. — 

A. Crushing and Roasting Matte for Sulphate of 
Silver.—The matte produced from the previous 
operation must be roasted, and for this purpose it 
must be crushed fine. It is first broken up with 
sledges and then crushed in a Dodge crusher with 
which one man can crush about 10 tons in a day. 
After crushing it is put through a twelve-to-the- 
inch screen, and is then wheeled in a wooden barrow 
to the calciners marked K on the general plan, 
where it is roasted for 24 hours, a charge being drawn 
every eight hours, The charge is one ton on each 
hearth, so that there are three tons in the furnace at a 
time, One furnace working constantly does the 
whole work of the establishment ; 90 per cent, of the 
sulphur is removed in this operation. ‘The roasted 


* This paper, although originally prepared for Enat- 
NEERING was tn ele i Institute of 


at their ing at Washington in 








February last. It now appearsin print for the first time. 
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matte contains about 5 per cent. sulphur, partly as 
sulphides and partly as sulphates. On the hearth 
where the matte is changed the furnace is dark. 
This is necessary to prevent fusion, as there must be 
rapid oxidation at the lowest possible temperature. 

en the workman is not attending to the fire 
he is always rabbling the charge. When the 
charge on one hearth is finished it is moved 
to the next one by a spadelle. On the middle hearth 
the heat is very dull, and from this temperature 
it is gradually raised until it is withdrawn from 
the furnace ; on the last hearth the temperature is a 
bright cherry red heat. ‘The charge is drawn with 
a rabble intd a “‘ cub” beside the furnace. As there 
is buta small amount of sulphurous acid given off 
the roasted matte remains here until it is cool 
enough to be wheeled in wooden barrows, when it is 
taken to the ball pulveriser. One anda half cords of 
wood in 24 hours is all the fuel used in this opera- 
tion. The ball pulveriser consists of a stationary 
horizontal sheet-iron cylinder 4 ft. in length and 
2 ft. 8 in. in diameter, inside of which another 
cylinder of less diameter revolves. This inside cy- 
linder is made with a cast-iron headpiece, into which 
cast-iron bars are fitted so as to leave a space y, in. 
between them. These bars are kept in position by 
a flange and wedges, and the heads are then securely 
bolted together. The material to be ground is in- 
troduced into the revolving cylinder through a 
trough in its axis. This cylinder or grinder contains 
one half-ton of iron balls, which when new are 3 in. 
in diameter. 

The cold calcined ore from the cubs is thrown on to 
the crusher floor, and shovelled into bins from which 
it is carried by an endless chain to}a hopper which 
communicates with the charging trough. ‘The charge 
and balls revolve together at the vate of 37 revolu- 
tions per minute. The ore which is ground suffi- 
ciently fine prs through the spaces between the 
bars, and falls into the stationary cylinder, which is 
hopper shaped at the bottom, and communicates 
with a trough, through which an endless chain 
passes and carries the ore to a 60 mesh screen ; 
what remains on this screen is carried back again to 
the grinder, The.crusher works between 3 tons and 
4 tons in 24 hours, and has besides plenty of time for 
the necessary stoppages for repairs. Six tons might 
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easily be put through in ten hours, but from three tons 
to four tons is {all that is required, so that a single 
crusher is more than sufficient. Very little repair is 
done to the machinery. The bars wear, and when 
the openings become too wide, new bars are put in, 
Not more than 500 Ib. of balls are worn out in the 
course of a year. The men who do this work are 
obliged to wear wet sponges over their mouths in 
order to protect themselves from the dust. One 
man, who also carries the wood to the calciners, 
brings the ore, and one man who shovels the ore 
and tends the grinder, are all that is required for the 
work. 

Roasting for Sulphate of Silver—From the ball 
grinder screens, the ground matte is deposited in a 
bin ready to be roasted for sulphate of silver. ‘The 
furnace in which this operation is conducted is called 
the fine calciner. There are two of them marked 


B B in the general plan, Fig. 12, and shown in Figs. 9, - 


10, and 11. They connect with four small dust 
chambers which are common to both furnaces, and 
connect with the same chimney. They are constantly 
in use except when silver is being melted, when onl 

one of them is run, They have but one hearth which 
is 11 ft. 6 in. long, 3 ft. 6 in. deep, and 10 ft, 6 in. wide. 
This hearth is flat. ‘The fireplace is 4 ft. 6 in. long, 
2 ft.6 in. wide at the bridge. The grate is only 1 ft. 
wide. There are 11.25 square feet surface in the fire- 
place, and 100 square feet in the laboratory, making 
the relation as 1:9. The top of the bridge is Sin. 
from the roof. The bridge is 2 ft. wide, but 14 in. of 
this width is a curtain arch, the bottom of which is 
16in. above the hearth, Just beyond the curtain 
in the roof of the furnace there are a series of holes 
for the admission of air, of the same size as in 
the matte furnace. The first line goes straight 
across the roof and is composed of five holes. The 
second follows the contour of the furnace and is 
composed of nine holes. The hearth of this furnace is 
made of a bed of old slag or stone covered with 
sand. On these, bricks placed on end and laid in 
cement are placed, which form the hearth proper. 
The charge is 16001b. of roasted crushed matte, 
which is thrown in with a shovel and made into a 
pile on the centre of the hearth. Just before it is 
introduced all the dampers are closed. The hearth 
of the furnace at this time is dark. The fireplace 
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is, however, glowing, but contains only embers just 
sufficient to —e it hot. As soon as the charge is 
introduced it is levelled with the rabble and spread 
out over the hearth. When spread out it is about 
3in. thick. It takes about 20 minutes to do this 
work, during which time the dampers remain closed 
and no fuel is put into the fireplace. As soon as 
the charge is completed the damper is slightly 
raised but no fuel is charged. In about an hour 
the charge has a dull blackish glow. The surface 
looks black but it isred when stirred. The fireplace 
is now charged with a small amount of fuel, and 
the temperature gradually raised so as to keep it at 
about a dull red heat, but raising it slightly. The 
fireplace door is closed. The supply of air comes 
from the bridge holes, the working door, and the 
grate. The work at this stage consists of forming 
&@ maximum amount of sulphate of iron and some 
sulphate of copper, but the silver remains unchanged. 
The fumes of sulphuric acid commence to be given 
off from the decomposition of the persulphate of 
iron, and the charge increases in volume, becoming 
spongy. As the furnace door is open the workman 
is exposed to the acid fumes, and is, therefore, 
obliged to wear a respirator, The stirring is kept 
up and the heat gradually increased. From the 
second hour the grate is kept full until the end of 
the operation, the temperature being kept as uni- 
form as possible. 

The ashpit door is closed after the first hour, the 
air entering only through the working door and the 
holes in the bridge. ‘The flame over the curtain 
arch is curly, blackish, and reducing, but as there is 
more than 14 in. between it and the charge below, 
and the working door is constantly opened, it is so 
fully mixed with air, that in contact with the charge 
it is oxidising, At the end of this time the heat is 
at its maximum, and the charge becomes dry, no 
longer sticking to the rabble, 

At this point, which is at the end of three hours, 
the sulphate of silver is formed. The sulphate of 
iron is decomposed at the end of two hours. The 
sulphate of copper, at the time all the iron is de- 
composed, is at its maximum, which is at the end 
of the third hour. When the silver is ‘“ out” a bar 
2in, square and 14 ft. long is used to break up any 
lumps, The charge is collected with it into the 
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middle hearth. The pile is then, by asliding 
motion of the bar on its side, cut down, 
bruised, stamped, and broken up, and in this 
way turned over twice from one side of the 
furnace to the other. In order to facilitate 
this work, the front of the working door is 
provided with a rolleron which the bar rests, 
The whole charge by this means is ground 
fine, and all the lumps broken up, and a 
— oxidation secured. It is essential to 
ve as little sulphate of copper as possible, 
but about 1} per cent. is left so as to be sure 
that no sulphate of silver is decomposed. 
This operation with the bar lasts one hour, 
so that at the end of four hours the charge 
is ready to be withdrawn. At the end of 
the third hour assays commence to be made, 
and are constantly taken until the end of the 
operation. The first assay generally shows 
that the sulphate of silver is free, but it is 
reduced almost instantly to a metallic state 
by the suboxide of copper present, and 
spangles are formed which scintillate and 
sparkle, forming a most beautiful reaction. 
To make the assay, a sample of the hot 
charge is simply thrown into cold water in a 
small dish, so that its temperature is raised 
to above boiling. Whatever silver isin the 
state of sulphate is dissolved by the boiling 
water. If there is any suboxide of copper 
present, the spangle reaction takes place. 
At the end of the fourth hour the exposure 
of the surfaces to oxidation from the action of the ; 
bar has converted all the copper from suboxide into 
rotoxide, and no spangles are seen in the assay. 
e sulphate of silver consequently remains per- 
manent. If any sulphide of silver was present in 
the charge, it is attacked by the sulphuric acid given 
off by the decomposing sulphates, and converted 
into sulphate. An average of from 90 to 95 per cent. 
of silver is thus rendered soluble, the rest being in 
a condition of arsenides antimonides, or as fine 
particles within sulphate of lead, and is not decom- 
posed. The charges are constantly assayed, and the 
workmen, as they are skilled men, feel it for their 
interest to conduct the operation properly. It would 
not be safe to decompose the whole of the sulphate 
of copper, since there would be danger that some 
of the sulphate of silver would be decomposed and 
pass into the residues, The copper gives a blue 
colour to the solution, so that when the spangles 
are no longer produced, and the liquor is a very 











Fig. 12, 





pale blue colour, the charge is drawn. None of this 
work is done at night, as the operation is exceedingly 
delicate, and requires to be constantly watched. 
As soon as the charge is withdrawn, the furnace is 
cooled by opening the doors and dampers to get ready 
for another charge. Only two charges a day are 
made in the furnace, It takes about ten minutes to 
discharge the furnace. The charge is drawn with a 
rabble into an iron barrow, and is wheeled to the brick 
cooling floor shown at B’ in the general plan, Fig. 12. 
Each furnace is tended by one man only. The 
two furnaces burn together 1} cords of wood in 
twelve hours; they require only one day’s repair in 
a year, 

4c. Leaching the Sulphate of Silver—The charge 
from the sulphate of silver furnace is allowed to re- 
main for twelve hours on the cooling floor and is 
then leached in tubs. These tubs are 3 ft. high, 
3 ft. in diameter at the top, and 2 ft. 6in, at the 
bottom (see Figs. 12 and 15). They are provided with 
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a double bottom pierced with holes and a cloth filter. 
They are charged with 1500 lb. of the matte which 
has been roasted for sulphate of silver. The leaching 
is done bya current of boiling water kept hot bysteam. 
The tubs are kept constantly full and discharged 
into a series of tanks below. It takes eight or nine 
hours to leach the charge ; at first it is light, but in 


about an hour it shrinks and the water passes less 


freely through it. 
The residues in the tubs contain all the gold and 
some silver which has not been separa They 


are taken out and put on one side to be treated by the 
Augustine process to separate the silver, and the re- 
sidues are afterwards treated for gold. All the 
sulphate of copper is dissolved out in the first stages 
ofthe work. In about seven or eight hours assays 
of the liquid are made and the hot water stopped, 
when salt added to it shows no trace of silver. ‘The 
time required varies according to the richness of 
the matte. Between 600 lb. and 700 Ib. are leached 
in eight hours; generally about an hour is required 
for every hundred ounces of silver contained in the 
matte. 

4B. Precipitating the Silver. — The hot water 
charged with the sulphates of silver and copper 
from the solution tubs is run into a series of vats 
shown in Figs. 12, 13, and 14, and on the general 
plan at S. 

These vats are 12 ft. long and 4 ft. wide and 2 ft, 
3 in. deep. Two of these vats, one in front of the 
other, are placed before each series of tubs, Each of 
them are divided into ten compartments, which are 
24in, x 20 in. and 27 in, deep, The liquid is discharged 
from the tubs into number one and communicates 
with two at the bottom. The partition between 
two and tree is low at the top, so that the liquid 
overflows into four, and four communicates with five 
at the bottom, and so on, At ten the overflow passes 
into the tank below and follows the same circuitous 
course. Each compartment in the tanks is filled, 
as shown in Fig. 15, with plates of copper 
din. thick and 14in. x 12 in, in size. Twenty of 
these plates, each having a precipitating surface 
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of nearly 400 square inches, are placed in each com- 
partment, 

In the bottom of the tank the plates are placed 
upright and are slightly inclined, being separated 
from each other by asmall strip of wood at the top. 
Over this the plates are laid horizontally with strips 
of wood between each to prevent actual contact, 
This arrangement gives about 100,000 square inches 
of precipitating surface to each system. Both 
series of tanks are filled with copper in the same 
way. The tanks are kept perfectly covered with 
wooden covers. At the end of a week they are re- 
moved and the copper plates shaken and washed in 
the liquid to remove the silver sponge which falls to 
the bottom and is taken out. is sponge is very 
light and adheres very slightly to the copper. After 
the copper plates are taken out the liquid is allowed 
to settle. 

The copper solution is drawn into the tanks 44, 
and the iver carried to the tub D to be washed to 
remove any traces of copper. It takes about two 
hours to get the tanks ready for another charge. 
More than half of the silver is deposited in the first 
four compartments. Here the copper plates last 
about four months, In the other compartments 
they last twelve months. 

The amount of copper dissolved is equal to the 
quantity of sulphuric acid set free from the silver. 

(To be continued). 








WATER WORKS, ANCIENT AND 
MODERN.* 
By E. H. p’Aviagpor, 


(Continued from page 204. 
Tue tunnel was ecmmaniak in the autumn of 


1869, having been sublet to a local contractor ; this 
man undertook the work without being by - 
means equal to the task. He never put enoug 
men on, used ordinary gunpowder only for blasting, 
and neglected anything beyond the usual rule-of- 
thumb precautions for short tunnels. Finding his 
pres 80 unsatisfactory, that, at the rate at which 
e carried it on, the tunnel would have taken six 
— to complete, Mr. Gabrielli took it out of his 
ands and attempted to continue the work by day 
labour. At that period, 1870-71, the demand for 
labour generally, and particularly for miners and 
quarrymen in Austria and Hungary was enormous ; 
railways were being taken in hand in every part of 
the country, and local labour which in South Austria 
and Hungary is quite insufficient even for ordinary 
requirements, owing partly to,the sparseness of the 
population, but still more to their ingrained and in- 
surmountable objection to anything except desultory 
work, had to be very ly supplemented by heavy 
draughts on the frugal, industrious, and ingenious 
population of Northern Italy. These men come 
into Austria in the spring in numerous gangs, and 
invariably return to Italy with their savings in the 
autumn ; it is very difficult to induce any of them 
to remain to face the severe winters, when ordin 
railway work must necessarily be suspended for several 
months, and in fact. hardly any masonry is ever 
executed between November lst and March 3]st. 
Even the miners generally decline to remain during 
this period, and the few who were persuaded to sta 
in Austria find constant employment at ve high 
prices on the railway works everywhere. It was 
absolutely necessary to push on the Kaiserbruon 
tunnel winter and summer, day and night. On the 
other hand the Italians had an immense objection 
to working in the confined section of the aqueduct ; 
they were used to piecework in railway tunnels, 
where after the first drift they could stand upright 
and had better ventilation and plenty of room. It 
was found quite impossible to keep a number of 
good gangs together in the remote cold valley of the 
Schwarzau to work in a narrow, cram tunnel, 
In this predicament the contractor applied to the 
Austrian War Office for the services of a detach- 
ment of the Imperial Engineers (sappers), who were 
at that period being drilled in the se of miners’ 
and quarrymen’s tools, and in blasting with dyna- 
mite, ‘This request, supported as it was by a petition 
from the municipality, was granted, although on 
onerous terms to the contractor, who had to pay 
about 129s. 6d. per yard of stuff excavated, to consent 
to a considerable increase for all leads above 20 
yards (amounting in fact to about 4d. per yard 
moved per yard run), to erect substantial barracks 
for the officers and men, to supply all plant, material, 


. A ‘course of papers delivered at the Austrian Institution 
of Engineers rehitects, December, 1875, and January, 
1876. These papers now appear in print for the first time. 





fodder for the horses, &c., and finally to take all 
responsibility as to the result upon himself, The 
detachment, be sn ag ae = but one — 
» was in ito 213 men. e 
peas Pade ae 4 the 14th of Jan , 1871, a 
ushed it on with great energy and endurance. In 
y of the same year 400 yards were driven, and 
the contractor, who had up to this period continued 
to employ such Italian miners as he was able to get 
on other sections of the tunnel, made arrangements 
with the Imperial Engineers to execute the whole of 
the work. y one year later, on the 4th of 
May, 1872, the whole of the tunnel was driven, and 
all the sections had been joined without any 
divergence or mistake in the line. Altogether 
2100 yards were driven by the sappers in twelve 
months; but it must not be forgotten that they 
were constantly supported by a numerous body of 
Italians who ran the stuff out, erected temporary 
bridges, made the roads up, and in fact did all the 
odd jobs inseparable from so large an undertaking. 
The explosive material used for blasting was ex- 
clusively dynamite, and its use was found to be 
much more economical and much safer than that of 
gunpowder. The cartridges were composed of 
70 per cent. of nitro-glycerine, and 30 per cent. of 
neutral substances, mostly sawdust; they were 
Yrin. in diameter, and from 1] in. to4in. long. The 
cost of the dynamite cartridges was about ls, 10d. 
per pound English, and the weight of each was from 
2 to 5 ounces, according to length. The ordinary 
Brickford’s patent cord was used for ignition, except 
in wet places, when the cord was surrounded by a coat 
of gutta-percha. Ata later period a capital effect was 
oduced by the use of electrical ee for 
fring a series of boreholes simultaneously. It would 
take up too much space to enter into all the details 
of the interesting experiments on the use of dy- 
namite which were made in the course of 'the work, 
and the results of which were carefully noted by 
the Imperial as well as by the contractor’s engi- 
neers ; they may be reserved for a future occasion. 
But two points must be mentioned. Dynamite is 
very liable to freeze, and when frozen is extremely 
brittle, and therefore liable to explode; a special 
hot-water apparatus was therefore contrived to 
thaw the frozen cartridges, and in the winter a re- 
sponsible non-commissioned officer was charged with 
the special duty of seeing that no frozen cartridges 
were sent into the tunnel. Again the immense ad- 
vantage of dynamite for fissured rock was ascertained 
beyond the possibility of a doubt. In such a ma- 
terial the gases developed by the explosion of gun- 
owder frequently escape through the cracks, 
use the ignition of the gunpowder is not in- 
stantaneous ; the effect of a shot is, therefore, often 
almost nil. Dynamite, on the contrary, explodes 
instantly, and works in a complete sphere, of which 
the cartridge is the centre ; the gases have no time to 
escape through the cracks, and the effect produced is 
proportionately greater. The advantage of using 
dynamite in wet places is too well known to need 
explanation. A well greased cartridge exploded ina 
borehole plugged with water, produces as much effect 
as if it were in the driest rock, and had a clay tamp- 
ing. Although the heaviest portion of the work was 
finished as above described in May, 1872, much still 
remained to be done. The floor of the tunnel had 
not been carried down to the full depth everywhere, 
since before the junctions were effected all the 
drifts had been driven with a rising gradient to get 
rid of the water; the excavation the few inches 
still remaining was a tedious job, and had to be done 
by daywork. In some places considerable springs 
were tapped; here recesses in the tunnel were 
blasted out, and an apron of masonry constructed 
in front of them, forming a little reservoir or basin, 
from which the spring water overflowed into the 
tunnel. And the most difficult part of all was the 
connexion ‘of the upper end of ithe tunnel with the 
Kaiserbrunn spring itself, see Figs. 20, 21, and 22 
of our two-page engraving. For of course the invert 
was at this point (Station 8) considerably lower than 
the existing bottom of the spring; the blasting and 
excavating to within a few feet of the spring was 
done in open cutting from 16 ft. to 30 ft, deep, and 
three portable engines, of a combined power of forty 
horses, were used to pump out the water with Wood- 
ford’s centrifugal pumps, This work was done, and 
the masonry canal constructed in the summer of 
1872. The sketch, Figs. 20 and 21, shows the 
principle on which the work was carried out. 
The portion a c having been at last completed the 
work in the very body of the spring had to be 
commenced, and as it was found impossible to tap the 





spring at a higher point and get rid of the water by 
a tem cut, a large shed was erected over the 
whole place to protect the men from the inclemency 
of the weather, and the engineers proceeded to bore 
holes in the floor of the rock under the rapidly 
flowing water and to blast it out with dynamite. 
On this occasion the enormous advantage of electrical 
ignition was evident, as by firing 10 to 12 holes at 
once an immense surface was started, and the débris 
could be removed very much more rapidly than if 
the firing had taken by the ordinary methods, 
The sappers worked in gutta-percha boots which 
reached up to their thighs, and the temperature of 
the water being seldom above 40 deg. and often 
down to 38 deg., - had to be relieved every two 
hours, As soon as the excavation was completed a 
cofferdam was erected across the square forming the 
plan of the reservoir, and the water pumped out of 
one half, while that in the other was carried off 
through the completed canal, Thus the masonry 
of ashlar was rapidly run up, and in the course of 
the winter and early spring was carried above the 
water level, The crack through which the water 
escaped from the rock was further excavated and 
enlarged, which led to the discovery of a cavern 
running some 60 ft. back into the rock; this was 
also enlarged and partly lined with aprons of masonry 
to prevent the water escaping through small cracks 
in the rock itself, and thus formed a sort of inner 
reservoir or catch-water basin. 

The whole of these works were carried out in the 
water, while the mean temperature of the air was 
about 24 deg., or 8 deg. below freezing ; the shed 
had therefore not only to be very substantially con- 
structed, but constantly warmed by artificial means 
to oy the masonry freezing. Finally, in May 
and June, 1873, the superstructure was completed 
and the whole work closed. 

The other tunnels on the line of the aqueduct 
were far less remarkable. The next in length, that 
of Véslau (800 yards), was extremely awkward to 
execute on account of its passing under the most 
populous and fashionable part of that favourite 
watering-place, so that it became a matter of great 
difficulty to find a convenient place for the two 
shafts it was determined to sink. The transport of 
the excavated material was rendered very awkward 
by the confined space available, the extreme steep- 
ness of the surface, and the necessity of using the 
public thoroughfares only, and avoiding the valu- 
able gardens and vineyards which cover the whole 
hillside. This tunnel, which is lined with ashlar 
throughout about half its length, was executed by 
Piedmontese miners, first with gunpowder and after- 
wards also with dynamite. 

It would be tedious to describe the numerous 
minor difficulties which were met with at most of 
the nineteen other tunnels, Beyond those in- 
separable from the nature of the soil, they were all 
attributable to the small available at the 
mouths fof the tunnels, the very limited ground 
handed over to the contractor to work on, and the 
atrocious state of the devious country roads on 
which all the materials, both from the excavation 
and for the masonry, had-to be led. The economy 
of the municipality in the purchase or hiring of land 
for storing materials or running to spoil, approached 

rsimony, and could hardly pay in the long run, 

ut of course the absurd prices demanded by the 
numerous small landed —— for’ the most 
worthless plots, sufficiently explains a policy which 
might otherwise ap short-sighted. 

In the course of this Paper I have frequently used 
the word agueduct, an ve employed it in two 
senses, namely, either as an expression for the canal 
or conduit itself, or as signifying the bridge or 
arches by which the canal is carried over valleys 
and rivers. ‘The context generally shows clearly 
what sense should be given to the word, and the 
confusion arises from there being no expression in 
English corresponding to the German one of 
‘* Bogenstellung,” or “set of arches,” which applies 
equally to a road, railway, or aqueduct. I must 
now say a few words about the aqueducts of the 
Vienna Water Works in the narrowerjsense of the 


word, that is on the means adopted for crossing the 
valleys met with on the line. 

The principal ones are those of the Triesting and 
Kaltengang at the lower extremity of the ‘ Stone- 
field” already mentioned; the Schwechat stream 


pessing through Baden, the Briihl at Médling, the 
iesing stream, and the Mauer stream close to 
Vienna. While the bed of the first-mentioned 
resembles the torrents on the Italian Riviera, which 
the old diligences used formerly to drive through, 
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FIGS, 14 TO 17, DETAILS OF KALTENGANG AQUEDUCT, 





FIGS. 18 AND 19. LIESING AQUEDUCT. 





FIGS. 20 TO 22. WORKS AT KAISERBRUNN SPRINGS, 
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jolting their unfortunate gers over stones 
as big as a man’s h and ently up- 
setting—wide, generally dry, and with only here 
and there a little water meandering across the sandy 
waste, with no decided course, and all the 
more dangerous for that {very reason, a// the latter 
flow down very clearly defined beds in valleys 
bordered by hills, whose height attains (and in the 
Briihl exceeds) 1000 ft. Ihave already mentioned 
that no inverted siphons whatever are employed, 
and that from Kaiserbrunn to Rosenhiigel the water 
falls by a continual natural gradient. To carry out 
this principle in its integrity, it became necessary to 
construct a number of flat arches to cross the wide, 
shallow streams of the Steinfeld. The most trouble- 
some of these bridges was that of the Kaltengang, 
(see Figs. 14 to 17), which, like all the. others, is 
generally a harmless stream enough, but occasionally 
after heavy rains, or when the ice breaks up, brings 
down enormous masses of water which find their way 
to the Danube in a very short time. The principal 
opening is of 36 ft. span (Austrian measure, equal to 
about 37 ft. 8 in. English) and has three side openings 
of 24 ft. The principal span consists of a separate 
arch with a rise of only 3 ft., or rather less than 
one-seventh the span, while the side openings have 
a rise of 3 ft., or only one-eighth, In such asituation, 
where the level of the invert of the conduit cannot 
be raised, and its height'above the bed of the 
stream is very small, while the span must not be 
diminished in order to give the occasional violent 
floods sufficient room, the hydraulic engineer is at a 
great disadvantage in comparison to the constructor 
of railways. Such a span would present no diffi- 
culty to a railway engineer ; he would simply erect 
an ordinary girder bridge. But it ap im- 
possible to construct a girder bridge for the conduit 
over the Kaltengang, for it was necessary to keep 
at least 3 ft, of masonry between the water and the 
atmosphere, and also to have a continuous, imper- 
vious, and smooth lining for the inside. Considering 
the enormous change in the length of the iron, due 
to a variation of temperature of 100 deg. Fahr., a 
fixed joint was an impossibility, and a movable one 
appeared equally difficult to arrange. Flat arches 
were therefore constructed of ashlar masonry. The 
voussoirs were all roughly dressed to template in the 
quarries, and finished off on the work ; in the prin- 
cipal span they are 4 ft, thick at the springing, 
tapering to 3 ft. at the crown. In order to carry the 
tremendous thrust of these heavy ental arches, 
the piers were constructed of ashlar 15 ft. thick, and 
these excessive dimensions have certainly prevented 
the slightest’crack or settlement in the work. The 
most tedious operation was the centering of the 
large span, on account of the low headway, the bad 
ground, and the immense weight of the voussoirs, 
It required a forest of timber, and cost within a few 
pounds of the same price as the whole of the masonry 
itself. 

The Leobersdorf aqueduct across the Triesting is 
820 ft. long, and consists of 20 segmental arches of 
30 ft. span and 7} ft. rise. The piers are all built 
on piles, as the whole bed of the Triesting consists 
of sand and alluvial deposits, which change their 
position during every flood. The principal openings 
for the stream in its normal course differ from the 
rest in being constructed of ashlar, while the others 
are brick ; they are 6ft. wider, and the only thing 
remarkable about them is that the segmental arch 
is carried right through the abutment on each side, 
80 as to transfer the thrust directly to the ground 
itself, the central pier being in equilibrium between 
the two, 

Infinitely more imposing, though hardly {more 
troublesome in its execution, was the t aqueduct 
of Baden, consisting of 43 principal openings of 
from 36 ft. to 42 ft. span, besides a number of sub- 
sidiary and lower ones which were covered up by 
bank, This work is exactly half an English mile 
long, and no less than 90 ft. above the bed of the 
Schwechat. It crosses the valley just above the 
populous town of Baden, fam or its sulphur 
springs, to which many of the Viennese resort 
during the summer months. The piers are con- 
structed of faced and coursed rubble with ashlar 
quoins and on ashlar plinths; the arches are turned 
with six rings of bricks, the spandrils are also 
coursed rubble, and there is a string and parapet 
course of ashlar above, the extrados of the conduit 
being grouted and flushed in with rough concrete, 
and the whole surface then paved, the joints being 
run berg epee Mendes henry of ashlar 
support the piers, of which illustrations (bein 
dash identical with that of Méodling) are given 
in Figs. 1, 2, and 3, page 50 of our last volume, 





and Fig. 11 on page 202@ante. The whole 
structure, crossing as it does a ’ -like valley 
dotted with villas, and close to the of the 
Archduke Albert, which appears on hillside to 


the right, presents a most imposing appearance, 
It was erected in the short space of two seasons, the 
first season having been cut to waste by the delay 
in obtaining the necessary ground and the dilatoriness 
of the sub-contractor. Great difficulty was here ex- 
perienced in obtaining the necessary bricks for the 
arches, as the Exhibition buildings, which were at 
that period being hurried on at any cost, absorbed 
all the available supplies, and even the best brick 
manufacturers found it difficult to resist the enormous 
— offered them for delivery at the Exhibition 
uilding rather than at the water works. 
(To be continued.) 





MACHINE TOOLS AT THE PHILA- 
DELPHIA EXHIBITION.—No. X. 
MILLING MACHINES. 

Most of our readers are aware that milling ma- 
chines can be included among the standard machine 
tools of America, especially in the Eastern States, 
where milling is a regular process, the same as 
turning or planing, and may, indeed, in some of the 
finer classes of work, be said to be more important 
than either. In European practice, except in 
cutting the teeth of wheels, milling is more an ex- 
pedient than a regular process, and is rarely resorted 
to unless to secure uniform work, and when 
practised is usually performed on a lathe, or other 
machine not constructed especially for milling. It 
is not, therefore, likely that an extended notice of 
the machines exhibited at Philadelphia would have 
much interest to European readers. The American 
machines have for a long time been ingeniously 
adapted to a great variety of work, such as cutting 
in curved, volute, or straight lines. One made by 
Messrs. Brown} and Sharp, called a “ univeral” 
milling machine, is well known in Europe, where 
many have been sold to firms making sewing ma- 
chines, firearms, or small tools. Several other firms 
are now making adaptable machines with much the 
same combinations, and if the style of the framin 
and the proportions were more carefully considere 
some of these machines would rank among the best 
examples of machine tool practice. 

One very well fitted machine is mounted on a 
circular post ‘having a kind of bell trumpet exten- 
sion at the } bottom, which gives a ridiculous appear- 
ance to the whole, and dis the impression 
which the remainder of the machine would make. 

There seems to be some inherent idea among the 
designers of machine tools in America that the legs 
or supports of machines should have several reverse 
curves, and the more prominent these ‘‘ undulations” 
the better. In planing and other machines which 
require short supports there are to be seen the most 
singular attempts to make crooked castings, when 
every condition of use and appearance suggests a 

lain box or rectangular frame with a flange at the 
ttom and-top. While speaking of the legs of 
machines there is another feature in American 
practice which may be noticed, The legs or supports 
of machines are in nearly all cases proportioned, as 
though they were projecting studs extending down 
from the frames, and without any reference to a 
bearing at the bottom, or to compare with what is 
a common idea in England, the legs are inverted— 
wrong side up. A machine leg can be regarded as 
a pedestal to support weight and resist strains at its 
top, or as a projecting stud from a frame to support 
weight and resist side strains at the bottom where 
attached to a foundation, or in other words, as a 
“strut” between a frame and a foundation, either 
end being rigidly attached as circumstances may 
suggest, . 

in Europe the rigid attachment is usually to a 
foundation, and in America to the frames. The 
reason for this is no doubt that better foundations 
are provided in Europe, and the idea of portability 
less adhered to. ime 

There are reasons both ways, and while it may 
be a matter not worth much attention, it is still one 
which in designing machine tools should not be 
neglected. In both cases there must be a broad 


base, and as the material diminishes from the frame | J 


downward in the common American pattern, it is 
easy to see that but little bearing surface can be 
obtained at the bottom. 

The accompanying sketches are ideal, not taken 
from a machine or drawing, but representing types 
which any one familiar with American tools will 
at once recognise. ’ 


Fig. 20 shows a form of legs which are commonly 

or the Mica, een ica ae : and other machines 

e when’ a frame’ is supported at some 
distance from a floor. mi gt 

Fig. 21 is a sketch drawn in contrast with Fig, 20, 
and represents what may be calléd the English idea 
of a machine leg. ‘One may be considered as a 
standard with its base on a machine frame, the other 
a standard with a base on a foundation. A fair com- 

nm between them will be ,to say that the two 
ideas may be right or wrong as a foundation is de- 
nded upon. In case of a foundation settling, one 
eg suggests an adjustment at the bottom the other 
at the top, or between the leg and frame which it 
supports. As a matter of taste there would be a 
great difference of opinion. ‘In America one would 
be called “ pretty,’ a term’ often applied to ma- 
chines, while in England ‘the same thing would be 
called absurd. , 

In Fig. 22 are given four sketches taken from ma- 
chine standards in thé Exhibition. That marked a is 
the trumpet extension before mentioned. The fourth, 
d, may be called the pagoda style ; in point of taste, 
however, there cannot be much choice between the 
different designs, 




















It may be said thata standard is not an important 
part of a machine, and that thereis nousein criticising 
such things, yet nothing is more annoying than to 
see good fitting and efficient working qualities com- 
bined with an attempt at paltry ornamentation, 
In general practice there is in America » tendency 
towards the arrangement for milling machines, in- 
dicated in Fig. 24; ¢ is a cored box standard fitted 
with a table e¢ and carriage a on one side. The 
spindle bearings are cast with the frame in one 
piece, a bracket m is employed to support the outer 
end of the cutter spindle», This bracket m is in 
some cases mounted on a circular or curved seat at 
o concentric with the spindle, and may be on the 
bottom or top as occasion may require, The purpose 
of this is to accommodate a vertical feed movement 
of pieces to be milled or cut, The table a and 
and support ¢ are provided with various ingenious 
appliances to hold and present material to the 
cutters at any angle in either a vertical or a hori- 
zontal plane, The sketch is merély to convey an 
idea of a of machines, and as such has some 
advantages over a drawing copied from some par- 
ticular machine, 

Fig. 25 is a sketch of a similar kind, to convey an 
idea of what may be called the old arrangement of 
milling machines in America ; a is the driven spindle, 
e the fixed one, o the cutters and detachable spindles, 
m the main frame, and » # standards, in which the 
pepe are moved up or down to suit the thickness 
of the pieces to be operated upon. The table or 
catriage eis attached to the frame, and remains 
always at the same height, The spindles a and ¢ 
are adjusted up or down by screws geared together 
go as to act uniformly, usually by means of spur 
wheels beneath the frame m, is arrangement, 
which is yet followed by some makers, seems to have 
grown out of the employment of lathes for milling, 
and as the carriage could not be moved up or down 
the spindles had to be moved instead t an ad- 
justment of a carriage and its supports is an easier 
matter than to adjust a pair of spindles is obvious, 
and when the difficulty of conveying B oigdhe an 
adjustable spindle, the narrow ae the table ¢, 
and the possible inaccuracy of adjustment are taken 
into account, there is nothing strange in the fact at 
first mentioned, that there is a general tendency to 





the more symmetrical arrangement, shown in Fig, 24. 
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In examining American milling machines there is 
one inference that will not escape a skilled observer, 
which is that milling is a cumulative process, or one 
which produces itself. The cutting tools are made 
on the same kind of machines which employ them, 
and as all depends et such tools, and the accuracy 
and expense with which they can be made and main- 


tained, it is easy to see that when once begun mill- 
ing can be extended to many uses for which it 
would not be profitable to purchase special cutters 
and i 


es. 
The manufacture of milling tools or cutters for 
standard work, such as flat surfaces, grooves, wheel- 
cutting, and so on, has attained great perfection in 
America, Exhibits of this kind are among the 
finest in the Exhibition, and show a skill in steel 
working and tempering which is wonderful. 
The American twist drills, now well known and 
loyed to some extent in Europe, are made by 
milling processes. Watch-making, /gun-making, 
sewing-machine manufacture, and even some of the 
coarser branches of metal working consist mainly in 
milling processes. 
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A ruling feature in the design of American machine 
tools is their weak proportions, the purpose seeming 
to be to come as near a factor fof safety as possible 
in determining the size of details. Milling machines 
especially seem light in all their parts, and when 
their cutting capacity is taken into account this is 
further confirmed, Edges two or more inches in 
length are used even on the smallest machines, and 
when the strains resulting from such a width of edge 
are considered, the wonder is that the carriage or 
spindle bearings do not give way. 

As an illustration we may mention a machine 
made in New England. The adjustments are a 
marvel of ingenuity, and the machine an exceedingly 
complicated and expensive one, The material em- 
ployed in its construction cannot represent more 
than one-eighth of the whole value, and yet to save 
ipa five per cent., probably much less, the maker 

as spoiled what would otherwise be a good machine. 
The man in charge said, ‘‘ The machine is in use all 
the time, and is very useful: Wewantanother one, 
but it should be twice as strong as this one, the 
value of which would be doubled if two hundred 
unds more of iron were added to the framing and 
etails.” This fault of penny wise and pound foolish 
meets one at every turn, but oftener we imagine 
from a lack of theoretical knowledge than any 
design to save pennies, 


‘ 








, A capaunee Beararmos — The Japanese have arranged 
oran rnati ibition, It will take place shortl: 
after that of France has closed, 7 . 


© 


WE illustrate on this and the opposite page.a high-speed 

blowing engine, constructed at the Weimer Machine 
Works, Lebanon, Pennsylvania, and exhibited at Phila- 
delphia. The engine is of somewhat novel design, and 
embodies several new features. 
The stroke of the engine is 2 ft. and the diameter of cy- 
linders 20 in. and 50 in. respectively, and 100 revolutions 
per minute are easily attained with a discharge of 5000 
cubic feet'of air at apressureof101b. The blowing cylinder 
is but 2 in. longer than the stroke of the piston, which is 
made with six radial arms, of the same width as the 
piston face, and has a closed web centre 4 in. thick, and 
leaving six compartments in each side, 63 in. deep. A 
central groove is turned in the face of the piston, into 
which segments of hard wood, boiled in tallow, are in- 
serted grain on end, and kept in contact with the face of 
the cylinder by spiral springs. The long bearing surface 
of the piston (14 in.) is mainly depended on to prevent 
leakage, and small grooves similar to those used 
on solid water and steam pistons, are turned in 
its face for the same purpose. At each end of the 
stroke the piston passes the cylinder six inches 
and plunges into recesses formed in the cylinder 
head. These recesses are made by the six re- 
ceiving valve chests secured to the arms of the cylinder 
head and passing inward towards the cylinder. The 
arms of the piston falling into the recesses formed by the 
valve chests, expel the air from the cylinder and reduce 
the clearance space. 

The valve chests are gridironed on all sides with ports 
only gin. wide. A similar gridiron guard surrounds the 
valve chest, the ports of which do not, however, coincide 
with those of the chest; the space between the chest 
and the guard is §in., and a leather gridiron valve, the 
ports of which correspond with the guard, plays in this 
space, having a motion of vs in. maximum. The guards 
being on the piston side and the valves coinciding with 
the guard, a free pasasge of air is admitted into the 
cylinder on one stroke, the return stroke, however, forces 
the valve to the seat, which not coinciding closes the 
exit. The discharge valves are similarly constructed 
and enclosed in an annular space in the cylinder head, 
the air passing into this space. 

The piston rod of the blowing cylinder projects beyond 
the piston and runs in a bushing in the upper blowing 
head. The blowing piston being turned to fit the cy- 
linder yet not coming into contact with it, requires no 
lubricating. 

The steam cylinder is steam jacketted by carrying 
the steam chest around it. The packing of the steam 
piston fits into an annular space formed by the cylinder 
and a ring on the piston, the springs being placed 
behind this ring and acting on the packing rings 
through projecting pins. This arrangement prevents 





the rings ing forced into the springs. Large 


BLOWING ENGINE AT THE PHILADELPHIA EXHIBITION. 
CONSTRUCTED BY THE WEIMER MACHINE WORKS, LEBANON, PENN., U.S.A. 


Fig.3. 


bearings have been given the main shaft; they are 7 in. 
in diameter, with a length of 18 in.; the brass is cast in 
the form of a cylinder, bored and turned and cut in two 
longitudinally, one-half being used at each end of the 
shaft, in bearings bored out to receive it. 

The connecting rod bearings are also very large and 
are provided with tallow chambers of large dimensions 
cast to the lower half of the brass. 

The floor room occupied by the engine does not exceed 
8 ft. 10 ft. and height over all is 12 ft. The wheels are 
well balanced and the engine is remarkably steady when 
running at high speed. 


FOREIGN AND COLONIAL NOTES. 
South Australian Railways.—The South Australian 
Government has accepted a tender of Messrs. Bloomfield{and 
Chapman, for the construction of the earthworks of a line 
from Kadina to Port Wakefield. The amount of the con- 
tract is 54,1301. 


Water Supply of San Francisco.—The San Francisco 
Water Commissioners have been making a trip among the 
surrounding mountains in search for a water supply for 
that city. : 

Great Northern Telegraph Company.—The directors of 
this company propose to negotiate a new convention with 
the Russian Government, in order to double the company’s 
submarine cables bety iwostock, Hagasaki, and 
Shanghai. The company’s receipts thus for this year 
present an increase of about 20,0001., as com with the 
corresponding period of 1875, the increase being principally 
attributed to the correspondence exchanged between Euro 
and the extreme East vid Wladiwostock. To secure the 
attainment of the desired object, the Russian Government 
will advance 500,0001. to the company, it being provided 
that the advance shall be hereafter repaid with interest out 
of the receipts derived from the transmission of corre- 
spondence vid Wladiwostock, whenever those receipts exceed 
80,0007. per annum. It is also proposed to double the 
company’s cable between Russia and Sweden. 


Coal at Boston (U.S.)—The coal trade, so far as domestic 
qualities are concerned, has been in an unsettled condition 
at Boston. Sales of English cannel have been made at 
22 dols. to 23 dols. per ton. Nova Scotian coal has been 
quiet ; the few s imported had been previously con- 

for. In Cumberland coal nothing of any conse- 
quence has been passing. The demand for anthracite coal 
has been steady; consumers have been stocking up for 
winter at the reduced rates now current. 

A Belgian Pwmping Engine—The John Cockerill 
Company has erected a very powerful pumping engine in 
the u-Berleur Colliery. The colliery a depth of 
876 ft., but it is proposed in early future to carry this 
depth to 1500 ft. 

Steam on American Canals.—A prize of 100,000 dols. 
offered by the State of New York for the application of 
steam to canals has failed to bring out any proposals which 














| are regarded as practicable. 
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ON PUDDLING IN ORDINARY AND 
ROTARY FURNACES.* 
By Mrz. Henry Krex, of Workington. 
(Concluded from page 287.) ae 

Mz. Crampron’s furnace differs from all others in being 
heated by coal dust injected from the flue end. There is 
no brickwork inside, nor any opening into the combus- 
tion chamber; there being no such thing, the internal 
surface is all fettling. Furnaces like Danks’ and Spencer’s 
have to perform a sort of double duty ; there are no sides or 
roof of brick to receive the heat from the grate and trans- 
mit to the puddling basin, the fettling having to stand 
for the whales but Crampton’s has in addition to effect 
the combustion of the fuel, so that it has treble work to do. 

Now, with all due deference to those who hold a contrary 
opinion, the writer cannot — himself to believe that 

uddling with cold pigs can be done in such furnaces as 
Danks’ and Spencer’s with less than about double the 
amount of fettling used in the ordinary furnace. If the 
sides of the roof of an ordinary furnaee were made with 
fettling instead of firebrick, no practical man, he thinks, 
would expect it to work with less than about twice the 
quantity used at present. That the upper half of the 
puddling chamber is, as stated before, vastly hotter than 
the lower may be seen any day by looking into the furnace, 
particularly when the iron has come to nature. In Danks’ 
and Spencer’s furnaces there is a small amount of — 
built with firebrick, but none in ‘Crampton’s, and the 
writer is of opinion that during the time of his first 
examination of Mr. Crampton’s furnace at Woolwich, 
in November, 1873, which extended over eight turns, the 
quantity of fettling used was quite — in weight to the 
iron made, and he never expected, or led any of bis friends 
to expect, that cold grey pig iron would be worked with a 
less quantity than this. uch more than half the time 
occupied in working a puddled heat, during which the full 
temperature of the furnace is kept up, is spent in the melt- 
ing. All this time the fettling above the ;iron is getting 
hotter and hotter, and melting away- 

A good deal of information has been furnished by Mr. 
Crampton from time to time, and he has very liberally 
given permission to use any or all of it as the writer 
may think proper. Copious notes from personal observa- 
tion are alsoat command. None of the data, however, is, 
or professes to be, of a scientific or exact nature like that 
given by the American Commissioners. The consumption 
of fettling in the ordinary furnace at Woolwich is given by 
Mr. Price in the Institute Journal, vol. ii., 1875, as under 
5 ewt.; the Crampton furnace uses four to six times as 
much, and probably purifies the iron in the same proportion. 

In July last, the writer visited Woolwich, and the fur- 
nace was then working charges of only 4 cwt. As it seems 
to use about the same weight of fettling per hour, what- 
ever the weight of the charge, it may be i ined the con- 
sumption of fettling was enormous, probably not less than 
30 ewt. ton; at all events, the weight of cinder made 
appeared much in excess of the weight of iron. One heat 
was worked without losing a drop of cinder at the ring till 
the ball was made, when it was tapped off. A sample of this 
cinder was taken, and a sample also of the fettling used. 
Mr. Price had before kindly explained that some of the 
fettling was from the coil heating furnaces, and was not 
so good as that from the furnaces balling Woolwich turn- 
ings, and had shown the difference in their appearance. 
A proportionate amount of each, as it lay at the furnace 
ready for use, was selected. Both have n analysed by 
Mr. Downar as follows : 

Crampton’s Furnace 

Woolwich Fettling. Bottom Cinder, 

Woolwich. 
71.154 = Fe 55.342 72.216=Iron 56.168 
21.830 = Fe 15.281 12.980=Iron 9.086 
5.000 9.900 _ 
220 


Phosphoric acid .209 1.507 


98.248 Iron 70.623 96.823 Iron 65.254 


There is an increase in the percentage of phosphoric acid 
of 1.298, and of silica of 4.900 in the refuse cinder. The iron, 
which was all old broken shell, seemed remarkably good, 
and was mottled. The composition may be estimated at 
+85 of phosphorus, and 1 per cent. of silicon. Taking first 
Co pereres, we have : Cinder, 672 lb. x 1.298 per cent. 
= 8.723 lb. P,O,; shell, 448 Ib.x.85 per cent. P= 
3.808 lb., P=8.720 P,O,. So that there is amply sufficient 
cinder of the composition given above to carry off all the 
phosphorus. 

Then the silicon : Iron, 448 Ib. x1 per cent. Si=4.48 lb. 
Si, or 9.61b. silica; cinder, 672 1b.x4.9 per cent. silica= 
32.928 lb. silica—9.6 silica from the iron leaves 23-328 lb. 
The heat was worked with hot air, and the consumption of 
coal would not probably be over 600 Ib. The access of silica 
must be due to the ash of the coal, say 600 lb.—-23.328 
silica=3.886 per cent. of silica from the coal. This shows 
that the ash passes mainly into the cinder, as it includes 
nearly the whole amount found in the coai used at Wool- 
wich, and explains the want of success of the Crampton 
furnace in those cases where inferior coal and fettling has 
been tried. Mr. Crampton, in earlier attempts, found it 
impossible to get firebrick to stand the intense heat of the 
combustion chamber, ahd has been more successful with 
puddling than heating, because though the fettling melts 
om 4 much faster than the bricks, it can be renewed every 


It was fortunate for Mr. Danks that he secured the 
known natural fettling, and for Mr. Crampton that 
he got hold of perhaps the best artifical fettling in the 
world—the Woolwich scrap cinder. 
the trade will reap the benefit, for some difficulties have 


. read at the Leeds Meeting of the Iron and Steel 
in eeting of the Iron an 


Ferrous oxide 
Ferric oxide 
Silica 
Sulphur 














been overcome already that might have proved insurmount- 
able but for these fortunate circumstances, and though 
commercial success seems as yet hardly to be achieved by 
any known form of rotary furnace, it is still much nearer 
than it was, because of the experience gained past 
failures. The writer, however, submits that much of this 
experience would have been entirely needless had the thing 
been properly gone about. Full investigation was the first 
thing won It is as much needed now as when he re- 
commended and tried to bring it about nearly three years 

o. If the trade prefers to spend thousands of pounds in 
blundering rather than hundreds in investigation, it is 
neither to their credit nor _ The blundering itself is 
only a ver, roundabout and most cambrous mode of investi- 
gation. y should we repeat the mistakes of the past in 
these days of enlightenment and of combination? A noble 
attempt was made in the sending out of the American Com- 
mission. If the result of that inquiry was not altogether 
satisfactory we know why, and coald avoid the causes of 
failure in a future trial if a determination was formed to 
make one. : 

The puddling difficulty is only slumbering at present 
because trade is bad. It will inevitably crop up again when 
times mend. To make such researches now as are likely to 
be of the highest value in combatting it, whether in the 
rotary or in the ordinary furnace, would only be taking 
time by the forelock. 3 ; i 

Mr. Spencer has very kindly furnished a quantity of in- 
formation for this paper, including a number of analyses 
and some tests, which it is a pleasure to reproduce, because 
there is an air of probability about it Lo ig | that 8 
with experience, and experience is, after all, ‘‘the grand test 
of truth.” 

To begin with the analyses:—In No. 1, the ave per- 
centage of phosphorus in the puddled bar is .3161, but as 
the phosphorus in the finished rail stands at .4218=24.9 per 
cent. of that in the pig, it would perhaps be more correct to 
regard that as the average, because the various portions of 
the heat would be well blended by the rolling into bars, and 
piling in nine separate pieces, as shown. 

In No 2, the average phosphorus in the puddled bar is 
.209, being 14.87 per cent. oF that in the pig. The better 
puddling will be largely due to the less amount of silicon in 
the me The average phosphorus of both 1 and 2is, pig 
1.5160, puddled bar, taking the rail to represent the average 
composition of No. 1, is .3154=20.84 per cent. in the puddled 
bar, and 79.16 per cent. loss. 


No. 1. 

Report on the analyses of five samples of iron, taken on 
Tuesday, November 12th, 1872 being the result of a heat 
worked on that day in the converter. 

A the metal (Clarence No. 4, grey pig), as it ran from 

the cupola into the ladle. 

B puddled bar made from the first ball withdrawn. 

After reheating. 

Cc — bar, made from the fourth ball. After re- 

eating. 

D puddled bar from the last (5th) ball. After reheating. 
The balls, after shingling, were too cold to be rolled, an 
the samples could not be conveniently obtained at that stage. 

E rail made from the whole of the iron produced at the 
first heat :— 
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SECTION SHOWING HOW THE BARS WERE PILED FOR THE 
. RAIL. 

The 9 in. bars were 1} in. thick from the 5th and 3rd 

balls, and the angles were made from part of the 4th ball. 


Pig Iron. 
No. 4 Clarence. 1 4 5 last Rail 
A D E 


Per cent. Percent. 
absent absent 


Per cent, 
absent 


B 
Per cent. 
absent 


nae Per cent. 
Graphitic . 
ae } 1.8580 
Combined 
carbon : 
Silicon 
Sulphur -2345 
Phosphorus 1.6940 
Manganese 1251 


Iron by dif- nec 
a a 92.5624 99.2394 


-0500 under .1500 


absent 0532 
absent absent 
.0586 4218 
trace absent 


99.8914 99.3750 


1,4500 
2.0760 


.0968 under .1500 


0158 0484 
absent 


trace 


100.0000 100.0000 100.0000 100.0000 
The carbon of C and E was estimated by Eggertz colour 
test which does not show less than .15 per cent. 
(Signed) A. T. JEnKINs. 


No. 2. 

Report on the analysis of three samples of iron taken 
during a heat worked at the converter, on Wednesday, 
November 20, 1872. The pig charged was ‘‘ Middleton 
mottled.”’ 

1. Metal taken from the ladle before the converter was 


In the end, no doubt, | charged 


2. Puddled bar made from the second ball withdrawn, 
which was rolled off at once. 
. ., Seo bar made from the third ball, which was re- 
eated. 





1 2 
Per cent. Per cent. 
8350 absent 
2.2620 under .1500 
.6384 .0368 
-8416 absent 
-0960 


1.3382 
ove -1500 absent 
oe 93.9348 99.7172 


100.0000 100.0000 100. 
(Signed) A. T. JENKINs. 


Graphite carbon ose 
Combined carbo ‘ 
Silicon ... des 
Sulphur 

Phosphorus 


Iron by difference 





No. 3. 

Report on the examination (for sulphur and phosphorus) 
of a powder scraped from the damper placed at the top of 
the cinder furnace chimney on April 6, 1873: 

Per cent. 

58.535 

329 
4.771 
36.365 


, 100.000 
— to 2.08 per cent. P. 
) A. T. JENKINS. 


Insoluble in hydrochloric acid ... . 
Sulphuric acid S O; - re ese 
Phosphoric acid P; O, ne 

Not estimated... 


The P, O, 4.771 per cent. is 
(Sign 
No. 4. ‘ 
Results of experiments on specimens cut from flanged 
rails from Messrs Richardson and Sons, from iron puddled 
by patent puddling machine, tested by tensile strain. Length 
ee R. G. F. 9-4—73. 
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The irregularities in the puddled bars are very great, 
much the same as might be expected in an ordinary pud- 
dled heat, where the iron had never been opened out, but 
was stuck together in lumps anyhow by the puddler. Thus 
we find Bfrom the Clarence being the first puddled bar of 
the heat with .5736 of phosphorus, while D, the 5th and 
last, has only .0586, or about 90 per cent. less. Then 
again, with the Middleton, the second ball gives .096 of 
phosphorus, and the third .3222, and excess of about 336 
per cent. The writer has never met with any such extreme 
my in ordinary puddling, nor did they appear in 
the Danks Commissioners’ work. fa the first set of analyses 
made by Pattinson and Ainsworth the irregularities are not 
considerable, but at the time they were made, the furnace 
had a diagonal throw, which would work the iron back- 
wards lied from end to end, and thus mix it more 
thoroughly, but before the last samples were taken this . 
was done away with. These irregularities, however, do 
not seem very promising for homogeneous rails, though 
Mr. Spencer states that one made from his furnace in the 
presence of Mr. Richard Lester is now wearing out a third 
ordinary piled rail placed beside it. It would be interest- 
ing to learn in which of the three furnaces Mr. Spencer 
has had in use it was made, from what pig, and how the 
heat was worked. 

The sulphur seems to be gone altogether, and it may be 
remarked that the conditions of work are similar to such 
as the writer are in 1868 in some experiments upon 
hematite iron, which had the effect’of removing the sulphur 
to such an extent that the chemist, Dr. Tosh, of White- 
haven, was unable in several samples to detect the faintest 
traces of it by the most delicate tests he could employ. 

Another thing that may be remarked in reference to these 
analyses, as well as to those of Pattinson and Ainsworth, 
is that the re-heated samples ‘are invariably worse than 
the others in both silicon and phosphorus. The difference 
is very considerable in both cases, and it is rather corro- 
borated by the results of the Clarence heat, which was all 
re-heated, being inferior to the others where re-heating was 
not resorted to, 
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The rail tested (the results of which are given in No. 4) 
Mr. Spencer states was made entirely of ence 4 fo 
pig, and he believes the analyses and the tests refer to the 
same rail. The tests show a good iron, but the difference 
between the hard and soft specimens, 3.2 tons, does not 
indicate such hardness as might be anticipated from .422 
of phosphorus; but in the absence of sulphur and man- 
ganese, and in the presence of very little carbon and silicon, 
the effect of phosphorus may not be the same as under the 
opposite conditions. The en ag of the rail, 
as witnessed by Mr. Crampton an r. Price, are said to 
have been most excellent. : 

We now come to the fettling, of which analyses are given 
in Nos. 5 and 6. It is very low in iron, high in silica, 
phosphoric acid, and alumina; the peroxide also appears 
very high as compared with the protoxide which, coupl 
with the high alumina, may perhaps give an unusual 
amount of infusibility, but the writer is not competent 


to say: 

No 6 illustrates a point of very great interest—the evapo- 
ration of phosphorus. It is shown that the material in 
making into fettling cinder loses some 38 per cent. of its phos- 
phoric acid, and the two analyses of powder scraped from 
the damper on the top of the cinder furnace chimney con- 
tains some phosphoric acid, for which see Nos. 3 and 7. 
But there is along with the phosphorus a good deal of iron ; 
No. 7 has 1.72 per cent. of phosphorus against 26.25 per 
cent. of iron, or 1 lb. of phosphorus carries along with it 
154 lb. of iron. 


No. 5. 
Analysis of cinder for the converter, 12th November, 1872 : 
cewts. qrs. lbs. 


Produced from purple ore ... ow 2 8 16 
.. mill tap i i 2 0 
Cinder and hammer slag from pre- 
* yious heat ... oes ol bay | Ae 
per cent. 
Peroxide of iron 63.2398 
Protoxide of iron 11.9700 
Alumina ast ooo 6.4000 
Protoxide of manganese 0.9264 
Lime... ve et op 08108 
Magnesia... ne eee 0.6512 
Sulphur se a eee trace 
Phosphoric acid __... eee 4.1880 
Silica ... od ae © 12.2100 
100.3962 
Metallic iron 53.5773 


The following are given to show how much phosphoric 
acid may be admitted into the fettling : 


No. 6. 
Phosphoric acid in the mixtures for cinder and.in the 
cinder produced : 


1 2 3 
18-6—73. 20-6—73, 4-7—73 


P, O, in the mixture ... 5.967 6.697 6.997 
ha cinder 3.510 4.506 4.283 
Parts. 
Milltap ... ” 6 360 
Cinder and hammer slag ove 700 


Mill tap ... re “s ‘as i 500 
Converter cinder(without hammer slag) 1000 
Crushed pottery mine ... oe a 160 
3 
Milltap ... os “i ion ha 500 
Converter cinder(without hammer slag) 1000 
Crushed pottery mine ... we aoe 160 
The following is a full analysis of powder from damper 
of cinder furnace, November 25, 1874: 





No. 7. 
Per cent. 

Protoxide of iron ... a ... 83.75 
Protoxide of manganese ... 0.33 
Alumina m as se 8.91 
Lime trace 
Magnesia ... hs oe dds 0.74 
Sulphuric acid _... me és e 18.83 
Phosphoric acid .. ins 3.93 
Combined water ... 7 6.08 
Silica ” ooo ew» 15.38 
Carbon (soot) te 9.60 

97.55 
Metallic iron ... 26.25 
Sulphur ad ove oo ae 
Phosphorus... _ 1.72 


The fettling has 4.188 of phosphoric acid = 1.828 of 
phosphorus to 53.577 per cent. iron=3.412 of phosphorus 
to 100. of iron, so that the relative proportion of phosphorus 
to iron is nearly double in the damper powder. 

Mr. Spencer gives the quantity of fettling used for a 
year’s work as a little ner 74 cwt. to the ton of iron 
made, including scrap and the scale from the rolls, 
purple ore, pottery mine, &c. There is nothing im- 
probable in this amount, if such fettling stands ordinarily 
well, of which the writer has no experience ; it is 4 cwt. 
more than calculated as a standard for the ordinary fur- 
nace, but the quality is worse—so much worse that, in 
fact, it comes far below the standard ; but, on the other 

and, the means taken to make the best possible use of 
the eng oy such as cannot be equalled in the ordinary 
furnace. The fettling surface may be compared to the 
bottom of an ordinary , in which the area is about 
10 square feet, and the consumptior of fettling allotted to 
this portion of the furnace in treatin upon it was about 
one-tenth of the whole. As Spencer’s furnace, of 100 ft. 
of fet surface, was only calculated to work an ordi 
¢c pig iron, the result he gives is practically the same 





as that attained in the ordinary furnace—that is, as far as 

uantity of fettling is concerned; but Mr. Spencer’s has 
the advantage of increased surface, and of the fettling being 
in a 4 measure compelled to rise through the iron, 
and thus do full duty. In the ordinary furnace it does not 
—— possible to obtain any such results as to purification 
rs) = with the same amount of fettling of so poor a cha- 
racter. 


This paper has extended so far beyond the expected limits 
that the last division—the necessary researches and how to 
conduct them—can only be briefly alluded to. It was in- 
tended to include not only the puddling, but the properties 
of the iron puddled, the nature of pure iron and the modi- 
fications of it brought about by the presence of the various 
elements usually associated with it, and the thorough test- 


ed | ing of the iron in connexion with the analyses and mode of 


preparation, for it is believed that engineers sometimes 
cause employers extra expense and ironworkers extra labour, 
with the results of obtaining a really worse article. Some 
practices are also in vogue in iron works which are neither 
to the advantage of men nor masters. The vexed question 
of “‘ bleeding ”’ might be settled. It is a very good practice 
with some irons, and avery bad one with others. e pud- 
dler, not seeing or knowing of any reason for the difference, 
does not always submit to orders, and thereby causes his 
employer loss, a share of which ultimately falls on himself 
in many cases. 

Phosphorus does not appear to be an unmixed evil. Mr. 
Bell told us years ago that some rails on the North Eastern 
system which had stood much better than any others, were 
remarkable for their amount of phosphorus, and an 
American (see ENGINEERING, August 25th) givesan analysis 
of a rail over which an enormous tonnage had ed, high 
in both phosphorus and silicon, and sehveli ws in man- 
ganese, and with total iron considerably less than some of 
Mr. Spencer’s puddle bars. 

In conclusion, the writer begs to state that his best thanks 
are due—first to Mr. Snelus, whose explanations on 
chemical matters led to the studies embodied in this paper ; 
next, to Mr. W. A. Bradbury, of Workington, (now of 
Washington, Durham), who employed a good deal of his 
time during two college vacations in making various 
researches and calculations for which the writer had neither 
the time nor the requisite chemical knowledge ; and, lastly, 
to Mr. G. F. Downar, analytical chemist, of Workington, 
who has made many analyses and inquiries in a most care- 
ful and painstaking manner, as well as rendered other 
valuable assistance. 








METRIC UNITS. 

On Metric Units of Force, Energy, and Power, larger 

than those on the Centimetre-Gram-Second — 
By Professor James THomson, C.E., LL. 

Ar the outset I think well to remind the section that 
according to the excellent method of Gauss for establishing 
units of force, a unit of force is to be taken as being the force 
which if applied to a unit of mass for a unit of time, will 
impart to it a unit of velocity. Now inthe system adopted 
by the British Association Committee on Dynamical and 
Electrical Units (British Association Report, Part I., 1873, 
page 222), the centimetre, the gram, and the second were 
taken as the units of length, of mass, andof time, and the 
unit of force thence derived under the method of Gauss was 
called the dyne. That force is very small, quite too small 
for convenient use in all ordinary mechanical or engineering 
investigations. It is about equal to the gravity of a milli- 
gram mass, and that force is so small that it cannot be felt 
when applied to the hand. 

That system, designated as the centimetre-gram-second 
system, recommended by the Committee of the British 
Association, and described fully in a book by Dr. Everett, 
is well suited for many dynamical and electrical purposes, 
and it ought certainly to be maintained for use in all cases 
in which it is convenient. But the object of the present 
paper is to recommend the — also of two other 
systems which are in perfect harmony with it, and to 
propose names for the units of force under these two 
systems. 

In one of these the decimetre, the kilogram, and the 
second, are the units adopted for length, mass, and time ; 
and thus the system comes to be called the decimetre- 
kilogram-second system. 

In the other the metre, the tonne, and the second are 
adopted at the units of length, mass, and time ; and thus 
the system comes to be called the metre-tonne-second 
system. (It is here to be noticed that the tonne is the mass 
or quantity of matter contained in a cubic metre of water, 
and is very nearly the same as the Britishton.) It is to be 

rticularly observed that all the three systems here re- 

erred to are framed so as to accomplish the condition, very 

important for convenience, that the unit of mass adopted 
is the mass of a unit volume of water; and that, therefore, 
for every substance, the specific gravity and the density, or 
mass per unit of volume, are made to be numerically the 
same. 

In the decimetre-kilogram-second system the unit of 
force derived by the method of Gauss, is 10,000 dynes ; or 
is about equal to the gravity of 10grams. It is impossible, 
or almost so, to work practically with any such system 
without having a name for the unit of force. The unit of 
force in this system is such that a human hair is well suited 
for bearing it as a pull, and I propose to call it the crinal, 
from the Latin crinis and crinalis. 

In the metre-tonne-second system the unit of force, like- 
wise derived by the Gaussian method, is 10,000 crinals, or 
100,000,000 dynes, or about equal to the gravity of 2 cwt., 
or yoth of a ton. This force would be pan borne as a 
pull by a moderately sized rope; and I propose to call it 
the funal, from the Latin funis and funalis. 


* Paper read before the Mathematical and Physica) 
Science Section of the British Association, Glasgow meeting, 





Then we have one horse power of 33,000 foot-pounds per 
minute, about equal to 75,000 decimetre-cri per second ; 
and the horse power is also about equal to .75 of a metre- 
funal per second, or as we may name it } of a metre-funal 
per second, 

Also 1 metre -funal = 100,000 decimetre -crinals = 
10,000,000,000 centimetre-dynes or ergs. 

Also 1 horse power=7,500,000 centimetre-dynes per 
second, or=75X10* centimetre-dynes per second. 

This last number, for expressing a horse power, is.an ex- 

ingly unmanageable one; and one which gives strong 
indication that the centimetre and gram are too small to be 
suitable as fundamental units of length and mass for ordi- 
nary engineering purposes ; and that there is great need 
for the establishment of systems having larger units such 
as those which have been recommended in the present 
paper, and for which a convenient nomenclature has been 
offered. 

It is to be observed that the provision made by the British 
Association Committee in the report already referred to of 
a multiple of the dyne, such as-the m yne, or million 
of dynes, as a larger unit of force, does not accomplish all 
that is to be desired. Because various important formulas, 
or convenient methods of statement, will not hold good 
when any of the units are so derived. Thus, for instance, 
if the megadyne be the unit of force, the ordinary formulas 
for giving the centrifugal force, 


F=™™ and F=m w? f; 

will not hold good, and as another instance we may notice 
that the proposition that in respect to a jet of water, the 
re-action force on the vessel is equal numerically to the 
momentum generated per second will not hold good, and 
numberless other instances might readily be cited, but those 
given may suffice. 


NOTES FROM THE SOUTH-WEST. 

Coal Freights on the Taff Vale.—The directors of the 
Taff Vale Railway having taken into consideration the 
depressed state of the coal trade, have resolved to make a 

uction of 20 per cent. in the locomotive toll on coal for 
shipment at Cardiff and at Penarth. is reduction will 
come into operation as from October 1. 


Bristol Tramways.—On Saturday, the piece of line from 
the Old Market to Perry-road was opened for traffic, thus 
wren he through route from Stapleton-road to Redland. 
Saturday was a very unfavourable day for the opening, 
the weather being anything but tempting to people to take 
pleasure trips. Notwithstanding this, however, the large 
number of 7000 oy oe were carried on the new extension 
on Saturday. The section is one of the most intricate 
pieces of line the company is likely to meet with and 
at one point it is even more difficult than the ascent of 
Colston-street. The communes made by the energetic 
and business-like manager, Mr. Robinson, however, appear 
to be perfect, and not a single hitch occurred. There are 
seven cars re upon this piece of line, six regularly 
running and one held in reserve. The cars are rather shorter 
than the ones used on the Redland branch from the Draw- 
bridge, and are specially built to meet the difficulties of the 

. At Whitson-street the hill to be encountered is very 
sharp, and four horses are required, although the rest of 
the journey can be performed by two horses, with the assist- 
ance of trace horses at certain points. The cars are fitted 
with a powerful brake, so that they can be pulled up dead 
even when heavily laden. The staff of drivers has been 
selected from men familiar with tramway driving, some of 
the best men previously employed on other lines having 
been secured, and the conductors have been selected from 
a lengthy list of applicants. The horses have been pur- 
chased with an eye to the stiff work they will have to per- 
form. The company now has about 200 horses, and they 
average six years old. At night the cars from Redland to 
Old Market-street will burn red lights, and the cars from 
Redland to the Drawbridge will carry yellow lights. 


The Penguin.—The Valorous, 6, frigate, Captain L. F. 
Jones, has arrived in Plymouth Sound with the Penguin, 6, 
screw composite sloop. The Penguin has been built by 
Messrs. Napier and Son, of Glasgow, and is a sister ship to 
the Wild Swan, lately arrived at Devonport, also from the 
building yard of that firm. The Penguin is fitted with 
engines of 900 indicated horse power. Her length between 

ndiculars is 170 ft. ; extreme breadth, 36 ft. ; depth of 

bol , 16ft. 10in.; draught forward, 13 ft.; and aft 16 ft. 

She will carry 150 tons of coal, and her estimated speed is 

104 knots per hour. She will have a complement of 140 all 

told. Her armament will be two 7-in. 90 cwt. revolving 

ns, two 64-pounder revolving guns, and two 64-pounder 
roadside guns. 

South Wales Mineral Railway.—It was reported by the 
directors of the South Wales Mineral Railway to a general 
meeting of the shareholders in London that, notwithstand- 
ing the depressed state of trade in South Wales, and the 
fact that since the beginning of the year three collieries 
along the line had been completely closed, the Glyncorrwg 
Company had put enough traffic on the railway to pay the 
interest on the whole of the borrowed capital, and in addi- 
tion to reduce the suspense account to 2251, 


The Coal Market.—There was a report in Cardiff on 
Monday that the war rumours of tlie past few days have 
had the effect of considerably raising the price of coal. 
The report was incorrect, but it is a fact that the market 
is firmer than it has been for a long time, and it is certain 
that if there should be an alteration it would be in an 
upward direction. 











ITALIAN Rattwayrs.—The Coma and Chiasso Railway 
was inaugurated September 28. This line possesses a some- 
what special importance, as it unites the Milan and Coma 





line of the Lombardiun system to the St. Gothard line. The 
Chiasso station thus becomes an international terminus. 
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COMPOUND MARINE ENGINES : 


PHILADELPHIA EXHIBITION. 


CONSTRUCTED BY THE W. CRAMP AND SONS’ SHIP AND ENGINE BUILDING COMPANY. 
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We illustrate on this and the opposite page a pair of 
compound condensing marine engines, constructed by 
Messrs. William Cramp and Sons, of Philadelphia, and 
shown at the Centennial Exhibition, The cylinders are 
respectively 16 in. and 28 in. in diameter, and the 
stroke is 24 in. The general arrangement of the 
engine is shown clearly in the drawings. It is carried 
on two circular columns and two frames, in the lower 
part of which is placed the condenser; the air 
pump is worked off a pair of oscillating levers 
coupled to the low-pressure piston crosshead, and the 
connexion between the condenser and the exhaust 
of the low-pressure cylinder is seen in Fig. 2. The 
crosshead guides are bolted to the inner faces of the 
frames, and on each side of the crosshead projects a 
journal on which the ends of the oscillating levers are 
placed. The latter rest in bearings bolted to the frame. 
Both cylinders are steam-jacketted, and the connexions 
between them are shown in the drawings. In Fig. 3 will 
be seen the arrangement for starting and stopping the 
engine and regulating the admission of steam, and the 
means employed for reversing and varying the expansion. 
The former is effected by means of a lever with detent 
working around a graduated quadrant, and raising or 
lowering a set of levers connected with the throttle valve. 
The latter (an adaptation of Mr. J. McFarlane Gray’s 
steering gear arrangement) is also effected by a similar 
lever and detent, which moves the valve spindle of a 
small inclined starting cylinder, the piston rod of which 
is attached to a crosshead sliding on a rod bolted to the 
frame shown in Fig. 3. The connecting rod from this 
crosshead moves a bell-crank lever turning in bearings 
on a bracket bolted to the underside of the cylinder, and 
the extremity of one arm is coupled by means of a link 
to the expansion link. A link from the other arm of the 
bell-crank to the lever to which the valve spindle is at- 
tached, causes the valve always to remain in the position 
corresponding to that of the detent lever. The expansion 
link is shown in Fig. 3, but the coupling lever to the 
bell-crank is indicated only by dotted lines, while the 
positions of the eccentric rod ends are also indicated by 
dotted circles. The travel of the valve is regulated by 
the position of the link sliding in the block at the end of 
the valve spindle. 





BARKING TIMBER. 

Amone the various products of the forest, oak bark, 
employed for tanning purposes, is of prominent importance. 
France alone exports 50,000 tons of itevery year. The bark 
is stripped in the spring when the sap rises, and by the ordi- 
nary method this process involves considerable hand labour, 
and is attended with much waste, on account of the bark 
not being stripped from the smaller branches. M. Maitre 
some time ago proposed a method of barking trees, irre- 
spective of the season of the year; but these machines 
were heavy and difficult to transport, chiefly because high- 
pressure steam was employed, involving the use of suitable 
boiler furnaces, &c. Recent modificationsand improvements 























of this plan have been introduced by M. Nomaison; these 
have recently received the approval of the French Forestry 
Administration, and of the Society of Agriculture, and 
have been lately introduced for obtaining oak bark. 

M. Nomaison employs low-pressure superheated steam. 
It had been previously ascertained that by raising the 
liquids contained in the wood to a sufficient temperature, 
ebullition would take place between the bark and the 
trunk of the tree, expanding both, and that the difference 
of expansion would result ina separation of the former 
from the latter. 





The apparatus devised for this purpose consists of a 
vertical tubular boiler, with an internal firebox. A water 
chamber surrounds the uptake and thus heats the feed. 
The steam generated passes into a copper superheater, 
which it leaves with a temperature of 338 deg., enters the 
steaming vats at 266 deg., and finally escapes at a tem- 
perature of 212 deg. The timber to be stripped of its 
bark is placed in the cylindrical wooden vats, generally 
four in number, arranged symmetrically around the boiler, 
and the steam is admitted to the lower part of each of 
these chambers by a pipe from the superheater. The 
vats vary in size according to the timber dealt with, but 
are generally from 4 ft. to 16ft. long. The diameter, 
however, requires to be reduced as the length increases, 
so that the cubic capacity may remain about constant, 
not exceeding 17 or 18 cubic feet, at least in those ap- 
paratus already in use. They are mounted on frames 
slightly inclined, so as to allow of the condensed water, 
sap, &c., to drain off. When the steam is first introduced 
into the vat, it is largely absorbed by the wood, so that about 
two hours elapse before the bark begins to strip off. 
Afterwards, an hour and a half is sufficient for the opera-~ 
tion. The period, however, varies with the size of the 
timber, and the time that it has been felled, the operation 
being slower with large wood, that has been long cut. 
Four men can, in 20 minutes, strip the bark from the 





charge 6f one vat, and 10 minutes are required for 
emptying and recharging, so that in two hours the con- 
tents of four vats can be dealt with, and the men in charge 
are then ready to recommence the series, and the average 
quantity of bark obtained may be estimated at 14 tons per 
day, at the following cost : 


Wi ie ¢ 

ae is hes dee 
Ful. ore eee eee eee 8 8 
Transport of water (say) ... mn re 
Extras, interest on capital, &c. eee 5 0 
@1ll 5 





TEMPERED GLASS, 

Ws publish the following article upon tempered glass, 
written by M. Bourrée ; several weeks passed at the glass 
works of Choisy-le-Roi had enabled the writer to investigate 
the process of tempering glass upon the Bastie system. 
The success of the 0 tion, depending entirely upon 
extreme care, details which might seem of trifling import- 
ance are given, but these are necessary to convey a clear 
and usefa —— of the process. 

Tempering is the result obtained by heating a body, and 
suddenly cooling it. Glass is tempered by bringing it toa 
red heat, and then placing it in a bath of a given tempera- 
ture; that is to say, the glass after it has received its 
definite form, instead of being placed in an oven and 
gradually cooled after annealing, is, on the contrary, heated 
to redness and plunged into oil. The temper obtained is 
greater as the heat to which the glass is subjected is more 
intense and the cooling more rapid. The effects of the 
tempering are purely physical. The molecular construction 
of the glass is changed, it becomes less dense, and when 
broken no sharp —— so that when pressed by the 
hand the fragments produce no wound. This phenomenon 
becomes more striking as the cohesion between the particles 
is reduced. The nearer the glass approaches to a malleable 
or plastic state, the more easily are the particles displaced 
to group themselves according to a certain law. Glass not 
brought to a sufficiently malleable condition will be imper- 
fectly tempered, and below a certain temperature it can- 
not tempered at all, but if heated too much it becomes 
deformed. From these facts it follows that glass to be 
properly tem ought to be brought toa temperature 
approaching deformation, that is to say, approaching to a 
softened condition. The tempering is more pronounced as 
the cooling is made more rapid; but glass tempered in a 
bath at too low a temperature breaks. The reaction bei 
too violent, the molecules are too violently disturbed, an 
equilibrium is destroyed. Within certain limits the tem- 
perature of the bath should bear a relation to that of the 
glass. One is led thus to ascertain the minimum tem- 
perature of the bath in which the glass heated nearly to 
softness, is capable of being tempered. This will be found 
by experiment, and varies, 1, with the composition of the 
glass ; 2, with the form, thickness, and dimensions of the 
piece; and, 3, with the temperature of the glass. 

The temperature of the bath ought to vary, according to 
the composition of the glass fused, and passing into different 
states of malleability at various 4 ene aay Repeated 
experiments on this point have yet to be made ; it should be 
determined @ priori what is the temperature and the nature 
of the bath best suited fora glass, the composition of which 
is exactly known. 

Experiments have been made with fine Baccarat crystal 
composed of 300 parts of sand, 100 of potash and soda, 
and 50 of minium. ‘This mixture tempers extremely well, 
and all crystal glass may be tenant A in pure grease at 
temperatures varying between 140 deg. and 280 deg. Fahr. 
Common glass can be tempered ina bath of mingled oil and 
grease of temperatures varying between 300 deg. and 
600 deg., the reason of this increase being that this glass 
melts less easily. ‘Ihe proportions in which the lime and 
soda enter into the composition of the glass have thusa 
marked effect on the required temperatures of the bath. 

The temperature of the glass varies with the forms and 
thicknesses of the pieces, so that objects formed from the 
contents of the same one according to their form, thickness, 
and dimensions, ought to be heated more or less before 
tempering ; the temperature of the bath should therefore be 
modified within certain limits ; thick pieces requiring con- 
siderable reheating have thus to be placed in a hotter bath. 
Thus at Choisy-le-Roi, lamp glasses, chimneys, &c., are 
tempered in a bath of 140 deg. ; drinking glasses, goblets, 
&c., according to form and thickness, are in baths of 
140, 150, or 160 deg. ; caraffes, saucers, &c., in baths from 
170 deg. to 250 deg. ‘ 

The composition of the bath exercises a marked influence. 
All liquids are not suitable for —— ; thus in water glass 
almost invariably breaks. Perfectly pure grease and oil give 
the best results. A bath of pure grease is employed for the 
finer crystals in preference to oil. In tempering glas 
which requires a temperature of from 300 deg. to 600 xf 
grease alone cannot be employed on account of ebulli- 
tion, and a mixture of three-fourths of linseed oil and one- 
fourth of grease is employed. glycerine, or certain 
mixtures of and glycerine, which do not come toa 
state of ebullition untilthey approach nearly 600 deg., can 
be advantageously employed. A grease bath not homo- 
geneous, or containing impurities or small quantities of 
water, is unfit for tempering. For this reason fresh oil 
should never be employed until it has been kept at a 
temperature of about 300 deg. for four or five days. After 
this it can be used for an indefinite period, indeed it 
improves with age. Ina factory it is necessary to have 
one large reservoir of heated oil to supply the different 
baths. 

A condition indispensable to the success of the operation 
is that the glass should be uniformly heated over the whole 
of its surface. If this is not attended to it will break in the 
bath, the temper produced not being uniform, the equili- 
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brium of the particles is destroyed. Drinking 

similar obj are never uniformly heated on the 
hands of the maker, the part last finished is 27 the 
hottest, on account of its having been reheated. In this 
condition tempering is not possible, and besides the object 
is not sufficiently hot to be placed in the bath. It must 
therefore be placed in the oven, and uniformly heated ; on 
drawing it out the workman assures himself that this is the 
case. fe portions of the surface appear redder than others, 
he touches them gently with a piece of moistened paper, or 
blows upon them to reduce the heat, and then he replaces 
the object in the oven for several seconds before tempering. 
The length cf time during which the object should remain 
in the oven has to be ju by the workman. A skilled 
man will temper pieces much hotter than one less expert, 
under whose hand the object would lose its form and become 
valueless. It is obvious that the heat in the oven should be 
quite uniform, and important that all draughts should be 
excluded from the factory, lest they should strike the glass 
and produce a partial and i cooling. 

Careful management of the melting furnace is of the 
utmost importance, a perfect homogeneity of the glass 
being essential for success. Glass which has remained too 
long a time in the crucible at a high temperature becomes 
partially devitrified, and in this condition it breaks in 
the bath. For this reason the work ought to be carried out 
quickly and without interraption when it is desired to 
utilise the whole of the contents of the crucible. 

Striated glass generally fails in tempering. The boiling 

se is contained in cylindrical sheet-iron vats, placed on 
Se ground as close as possible to the oven. They are 
294 in. high and 234 in. in diameter. For the convenience 
of the workman their height above the ground corresponds 
with that of the mouth of the oven. The capacity of these 
vats is limited in order that they may be easily transported ; 
they are large enough however to temper pieces of average 
size for two or three hours consecutively. By laying down 
a system of rails below the ground level, the vats may be 
made larger and mored about with ter ease. In each 
vat is placed a basket 194 in. high and 214 in. diameter made 
of coarse wire netting stiffened with iron bands. The glass 
objects are placed in the basket to be tempered. The piece 
being uniformly reheated, the workman draws it from the 
oven, plunges it rapidly into the bath, then detaches it from 
the by means of a blow from a small malilet, and lets 
it fall to the bottom of the basket. This part of the opera- 
tion demands great care and attention on the part of the 
workman, and numerous precautions have to be taken to 
prevent deformation at the moment of immersion. These 
precautions vary with the form of the piece, and require 
special experience. 

In tempering clumsy glasses and heavy pieces, a shect- 
iron vessel with a movable bottom is fixed on the side of the 
vat and immersed from 12in. to l4in. in the liquid. It is 
intended to receive pieces, the form or ap = of which 
would by too abrupt a fall break the objects already in the 
vat. Tempering glass caraffes and other objects with a 
neck is attended with a difficulty, since it is necessary to 
admit the tempering liquid at once into the interior. "This 
is effected by means of a siphon. The neck of the caraffe 
is placed on the short leg of the siphon which rises about 
2in. above the surface of the bath. The air escapes by the 
tube and the oil and qrence take its place, and at the same 
moment the piece is allowed to fall to the bottom of the 
basket. A pump for drawing the air from the bottle may 
be adapted to the siphon so that objects with very con- 
jcagtell quie may be tempered. 

It is necessary to allow the tempered pieces to cool 
slowly in the bath before removing them. ‘To this end the 
vats placed on three-wheeled trucks are removed from their 

lace before the ovens when full, and placed in a chamber 
Kopt at a temperature corresponding to the melting point 
of the grease. At the end of four or five hours the baskets 
are taken from the vats, and the glasses are ranged on a 
series of trays, which are placed in a stove kept at a tem- 

erature of 158 deg. ; at the end of two honrs the oil ad- 
Coa to the sides of the glass has run off. They are 
then removed and placed in baskets of coarse iron netting. 
These baskets are plunged into three different baths; the 
first contains a solution of caustic soda and is heated to 
140 deg., the second contains water at 112 deg., and the 
third, water at a normal temperatare. After the third 
washing the glasses are thoroughly rinsed, dried, and sent 
to yee on It — | be = ere that tempered is as 
easily engraved as ordi ass. 

When oil is used 4 of grease, the pieces are allowed 
a longer time to cool before taking them from the bath. 
The operation of cleaning is more costly, and turpentine 
has to be used for this purpose. The work of tempering 
in glass works, require for each furnace with three hearths, 
working continuously, two workmen for tempering, two 
workmen for removing the vats, and three cleaners. The 
plant required is four vats for each hearth, i.¢., 12 vats 
each containing 35 to 40 gallons of grease ; three sheet- 
iron vats for cleaning, and a number of trays and baskets 
for carrying the glass. A vat with its accessories costs 
from 41. to 51., and the grease costs 48s. per cwt. For each 
furnace with three hearths (comprising six erucibles and 
four men), the cost of tempering runs per month of 26 days 
about as follows : 

Six workmen for tempering at 61. per 
month ... ode od wie ool 
Two workmen for handling the vats at 
5l. per month ... ove at ees 
Three cleaners at 4/. 10s. per month ... 
Loss of grease in evaporation and 
working ... ee ‘ee wn sbi 
Fuel for the cleaning stove, for tem- 
pering vats, and for the cleaning re- 
servoirs ... eee ee eee one 
Soda for cleaning... ove 
Maintenance, interest, and 


lasses and 
—~l 





The loss occasioned by breaking and deformation is 
after a little practice, insignificant. According to these 
data, and knowing exactly the number of pieces of a given 
form that can be made per day, it will be easy to ascertain 
the cost of tempering each article. Allowing 10 per cent. 
for breaking and deformation, the prices be approxi- 
mately as follows :— 

For drinking glasses of all kinds... 

For lamp glasses ... ta ‘ie 

a lamp globes... ahi 

e foregoing paper was pu 

Anciens Elves de 1 Beole Centrale. 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Glasgow Pig Iron Market.—The market was to some 
extent affected by the disquieting news from the Continent 
last Thursday, and although a large amcunt of business 
was done in warrants, yet the prices obtained were lower 
than those which ruled on the preceding day. During the 
forenoon from 57s. 3d. to 57s. lid. cash was accepted, re- 
covering to 57s. 3d. cash paid in the afternoon, when the 
market closed with buyers at that price and at 57s. 4}d. one 
month open. On Frida, there was a further recovery, and 
the price reached to within 14d. per ton of the top price paid 
during the week. Business opened at 57s. 14d. cash, but 
improved to 57s. 3d. cash, and 57s. 44d. one month, and 
closed in the forenoon with buyers at the highest figure. In 
the afternoon 57s. 44d. cash and 57s. 6d. one month ruled, 
and the market closed with sellers seeking 57s. 6d. cash, 
and 57s. 74 one month, and buyers 14d. per ton less. The 
improvement on the week was 73d. per ton over the closing 
price of the preceding week. The market was very strong 
on Monday forenoon, with a good business done in warrants 
at 57s. 9d. to 57s. 10}d. cash, also at 58s. fourteen days open, 
closing with buyers still offering the highest prices, sellers 
asking 14d. per ton more. Business was done in the after- 
noon at 58s. fourteen days fixed and 58s. 14d. one month 
open, with sellers at those prices, buyers 57s. 10}d. cash. 

essrs. Merry and Cuninghame announced a reduction of 
1s. per ton all round on their Carnbroe and Glengarnock 
brands. There was considerable fluctuation in prices yester- 
day forenoon. Opening with 57s. 9d. cash paid for war- 
rants, the price receded to 57s. 4$d., improving to 57s. 10}d. 
one month paid, closing sellers at the latter price, and at 
57s. 9d. onus buyers 14d. per ton less. Business was done 
in the afternoon at 57s. 9d. one month fixed, buyers 57s. 7d. 
cash, sellers 57s. 8d. The market opened firmly this forenoon, 
with 57s. 9d. cash and 57s. 10}d. one month open paid for war- 
rants, but receded to 57s. 6d. cash, closing with buyers at the 
latter price, and at 57s. 9d. one month, sellers asking 
57s.7} cash and 57s. 10jd. one month. There was a firmer 
tone in the afternoon, buyers 57s. 74d. cash, sellers 57s. 9d. 
Last week’s shipments amounted to 12,911 tons as against 
10,870 tons in the corresponding week of 1875. A large 
= of iron was again sent into the warrant stores last 
week, the total stock with Messrs. Connall and Co. last 
Friday night being 89,844 tons, showing an increase for the 
week of 2511 tons. There is no alteration to note in the 
number of blast furnaces in operation, the total still being 
118 as against 116 at the corresponding time last year. 


Contract for Steam Hopper Barges.—Notwithstanding 
that they already possess the largest steam dredging fleet 
in the world, the Clyde Navigation Trustees have just placed 
an order for a very important addition to their dredging 
fleet, consisting of no fewer than four steam hopper barges, 
thus bringing the number up to eighteen. There were 
twelve engineering and shipbuilding firms, all on the Clyde, 
from whom offers were obtained ; but eventually the con- 
tract was secured by Messrs. Rait and Lindsay, Cranston- 
hill Foundry, Elliot-street, the successors to Messrs. 
Murdoch and Aitken, who had attained a world-wide repu- 
tation for the construction of such plant. The contract 
price is about 30,000/., or fully 75001. for each vessel. 
these are the first hopper barges that have been built for 
the Clyde Trust provided with compound engines, but 
otherwise they differ very slightly from the four vessels the 
contract for which was let to Mr. David Rowan in Novem- 
ber, 1870. The chief differences are in the length and 
breadth—the former — increased 5 ft. and the latter 
1ft. It is specially worthy of notice that the contract 
price of the hopper barges just ordered is nearly 21001. 
more than that of the vessels ordered six years ago, which 
is evidently due to the adoption of compound engines, and 
to the fact that workmen’s wages are now higher than they 
were at that time. Designed by Mr. Deas, the vessels are 
to be 150 ft. long, 26 ft. in breadth, and 12 ft. deep; the 
hopper in each case being 50 ft. long, 19 ft. 6 in. broad at 
top, and 8 ft. 9 in. at bottom, and capable of carrying 500 
tons of dredged material. The high-pressure cylinder is to 
be 22 in. in diameter, and the low-pressure cylinder 38 in. 
in diameter, the length of stroke in each case being 27 in. 
Messrs. Rait and Lindsay will supply all the machinery, and 
the hulls will be built ty Messrs. Murdoch and Murray, 
Port-Glasgow. 

Mechanical Power on Tramways.—The directors of the 
Vale of Clyde Tramways Company are making trials of 
various tramway motors on their Govan lines, with the 
view of practically testing the different machines before 
deciding upon adopting any of them. The engine patented 
by Messrs. Seveywentioe and Son, of London, made several 
trips on Monday, and was ran y between Govan an 
Linthouse, making an occasional trip to Paisley-road Toll. 
Messrs. Merryweather’s engines have been used for some 
months in Paris, and it is stated that they have given great 
satisfaction. The engine of Messrs. H. Hughes and Co., 
of Loughborough, which has been successfully tried on the 
Edinburgh and Portobello tramways, will be run at Govan 
on Friday and on Saturday forenoon and afternoon. Mr. 
Scott-Moncrieff’s pneumatic car, which has been frequently 


d | in a paper read before the American Society 





tried both in Glasgow and in Govan, will also make some 
trips on the Govan line during the week. 

Extension of Leven Harbour.—Mr. John Stirling, of 
Kippendavie, chairman of the North British Railway Com- 
pany, recently visited Leven, in Fifeshire, and closely in- 
spected the harbour, and the of the new dock, &c. 
It is now confidently affirmed that the new dock scheme 
will shortly be commenced. Already the sum of 18,0001. 
has been subscribed, and active measures are being em- 
oe by the promoters of the scheme to raise more money. 
tis reported that the North British Railway Company 
will subscribe 50001. towards this important undertaking. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Clevelamd Iron Market.—Yesterday the attendance 
on ’Change at Middlesbrough was above the average. There 
was a much brisker inquiry for different kinds of iron, and 
the market closed at least 1s. 6d. firmer than it did last 
week. The general quotations for No. 3 Cleveland pig 
iron was 46s. 6d., but some makers declined to do business 
at less than 47s. per ton. The sudden rise in prices some- 
what checked transactions, but a fair amount of business 
wasdone. The chief cause of the advance in quotations is 
the fact that the total production of pig iron in Cleveland 
is considerably smaller than it was owing to the blowing 
out of poe a blast furnaces. Makers feel very confident 
that they will be able not only to maintain the present rates 
but to raise the prices a little higher. 


The Finished Iron Trade.—Depression still characterises 
the finished iron trade. It is, however, some consolation 
to know that there has been rather more inquiry in the 
different branches during the past few days. Plates are 
in better request. Several of the mills in the North of 
England have still little or nothing to do, and a very 
heavy demand will have to spring up before all the works 
can be put into full operation. 


The Affairs of Messrs. Charlton.—Another meeting of 
the creditors of Messrs. Charlton and Co., ironmasters 
and coalowners, was held at Darlington on Monday. 
Certain proposals were made and discussed. Finally the 
meeting was adjourned for a fortnight. 


Mr. Isaac Lowthian Bell, M.P., on the Iron Trade.— 
Speaking at a meeting held at Hartlepool on Tuesday night, 
Mr. Isaac Lowthian Bell, M.P., the chief owner of the Port 
Clarence Iron Works, Middlesbrough, gave a reswmé of his 
recent experiences in America. He entered extensively into 
detail as to the vast mineral resources of the districts of Lake 
Superior and Missouri, which possessed ore nearly twice as 
rich in iron as that of Cleveland, and was pom of pro- 
ducing an output of 50,000 tons a day. But, seeing the 
enormous distance which the manufactured iron had to be 
conveyed before it reached the place of shipment, we 
possessed a material advantage in this respect. A few 
years ago we exported over a million tons of iron to 
America, but that trade had almost ceased, and the ques- 
tion was, could we ever regain it? Of this he saw little 
peo having in view the great natural resources of the 
collieries and iron mines of the United States. In the 
present condition of things he held this opinion apart from 
the artificial restrictions imposed by the American Legis- 
lature, and in spite of the unwillingness to load back with 
pig iron the grain ships sent to this country. He referred 
to the competitive effects produced by the sudden rise in 
the value of iron in 1870, but the day of reckoning came 
there perhaps more severely than on the banks of the Tees. 
Referring to the men employed in the superintendence of 
this industry in America, te believed that in education to 
their work and knowledge of its principles they were our 
equals, and that American ironmasters endeavoured to 
improve the discoveries they received from us. He depre- 
cated the golden pictures of superiority enjoyed by workmen 
in America held out by emigration agents. Alluding to 
Belgian competition, he held that for a nation whose annual 
coal output would scarcely supply our iron works four 
months to be able to compete with us was manifestly absurd. 
He regarded the present iron trade reaction as the result of 
former excitement, and that the difficulties they now 
encountered were not augmented by changes in the require- 
ments of the consumer ; and he had no doubt that out of 
the present distress great good would arise by the introduc- 
tion of mechanical puddling. He looked for increased pro- 
duction and improvement in quality in our competiton with 
the world. The intelligence and enterprise of the masters 
must be supplemented by the willing assistance of the men, 
for the improvements of locomotion levelled down many 
advantages we once - Hand and head must, 
therefore, unite in the struggle; and if it were effectually 
done it would cause a combination of economic production 
with excellence of product which would leave no fear for 
the result. But failing this, that cloud which now obscured 
our commercial horizon might so thicken around us as to 
exclude all future sunshine of prosperity. 

The Coal and Coke Trades.—There is no change in the 
coal and coke trades. Many collieries during the past 
twelve months have proved a very bad investment for their 
owners. 








Wuarves At New Yorx.—Mr. J. D. Van Buren, C.E., 
of Civil En- 
gineers, on the water front of New York, gives the life of an 
ordinary wooden wharf at 10 to 15 years. 5 ag use of pre- 
served wood, the duration of a wharf may be im to 
30 or 35 years ; but Mr. Van Buren does not consider that 
a wharf supported on iron screw piles or iron cylinders 
filled with concrete would last more than 50 . The 
duration of a wharf built of stone he estimates at 1000 


years. 
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NOTICE TO AMERICAN SUBSORIBERS. 

We beg to announce that we have appointed Messrs. Miller and 
Smith, 43, Exchange Place, New York, the sole agents for 
ENGINEERING in the United States, and all subscriptions for the 
United States will in future be payable to them. essrs. Miller 
and Smith are also prepared to receive advertisements for 
ENGINEERING, and will afford full information as to terms, &., 
on application. 








THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr. JouN BoGart, the 
Secretary of the Society of Civil Engineers at the Cen- 
tennial Exhibition, will, until the close of that Ex- 
hibition, act as the representative of ENGINEERING, and 
communications relating to editorial matters may be 
addressed to him either at the Society of Civil Engi- 
neers’ rooms at the Main Building of the Exhibition, or 
at1100, Girard-street, Philadelphia. 
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THE THAMES. 

Froma recently issued report of the Thames Con- 
servancy, it appeais that the condition of the river 
has by no means improved during the past year. 
The Conservators express their regret that when the 
upper district was transferred to them, sufficient 
funds were not provided to remedy, without delay, 
the generally ‘‘ ruinous” condition of the works. 
They state that, had the necessary means been at 
their disposal, the whole of the locks and weirs be- 
tween Staines and Cricklade could have been so 
effectually put in order as to have reduced to the 
lowest possible amount the charges for their mainte- 
nance and repair. On the question of the diversion 
of the sewage from the river, they give a statement 
showing what has been done up to the end of 1875, 
above the intakes of the Water Companies, which 
had been already reported to Parliament. It appears 
that, after all the excuses that have been made on 
the part of places above the western limits of the 
metropolis, the sewage of the various towns situ- 
ated upon the banks of the river, with the ex- 
ception of Teddington, has not yet been diverted 
from the Thames, The report then refers to the 
ney instituted by Colonel Cox under the direc- 
tion of the Local Government Board, and at the in- 
stance of the local authorities, as to the best means 
of eng | with the sewage of the districts in the 
Thames Valley below the intakes of the southern 
water a. The conservators ress the 
hope that the authorities may get such advice from 
= aoe as may help them out of their diffi- 








Regarding these difficulties, the Conservators have 
granted extension of time to some of the local 
authorities for the diversion of the sewage, reserv- 
ing to themselves, however, the right of putting the 
Act of 1867 into force, which gives them com- 
pulsory and penal powers. 

Taking the report in its sequence, it appears that 
from Southend, near Yankleet Creek, to Chelsea, a 
large amount of work has been done, including 
dredging, raising sunken vessels (31), laying. new 
moorings, erecting steamboat pier, &c. e g- 
ing between Teddington (where the tidal stream 
ends) and Richmond, has been so far effected as to 
leave sufficient depth for ordinary navigation, the 
banksand the towing paths having also beenimproved. 
Similar improvements have also been made in other 
— of the Thames, within the jurisdiction of the 

onservancy Board. But it appears that the floods 
during 1875 were highly destructive of many of 
the works on the river, causing a large expenditure 
beyond the annual average. 

It is somewhat remarkable, that while the Board 
complain of want of funds, they have a debtor and 
creditor account of 95,345/., leaving a balance of 
21,836/. on December 31st, 1875, to carry forward 
to the present year. In making an analysis of the 
expenditure for 1875, we find that what may be 
called official salaries, or clerkship work, amount to 
over 5000. Salaries to workmen and others make 
up alarge amount. But, taking the statement al- 
ready made, that the Conservancy were short of 
funds, we are somewhat surprised to find that they 
were able to, “‘ By cash, purchase 16,161/. 11s. 9d. 
Reduced Three per Cents., value 15,000/.” besides 
carrying forward, to the credit of 1876, a sum of 
21,835/. 9s. 3d. In respect to the Capital account, 
the Conservancy Board debit themselves with 
105,600/. of cash borrowed, against which is a credit 
of 57,162/. invested in Consols, 

The preceding accounts simply refer to the lower 
navigation. In regard to the upper navigation 
accounts, it appears that out of a total of receipts 
and expenditure, a sum of 6,950/. is left to the 
credit of 1876 in a nominal sum (including the ba- 
lance) of 26,862/. Without entering into details of 
the accounts which are given in the Parliamentary 
paper (370, July 16), it is evident that the Con- 
servancy Board have had ample funds to effect 
much more than their brief report states to have 
been done. 

We have thus simply given a rapid technical 
review of the state of the Thames, but in a 
sanitary point of view matters are of more im- 
portance. Taking the Thames from its source to 
the intakes of the southern metropolitan water 
companies, we may quote the words of the late 
Chancellor of the Exchequer (Mr. Lowe) to this 
effect: ‘‘Take the supply of water, nothing could 
be worse. It was like compelling his neighbour to 
drink his sewage.” We may safely estimate that the 
sewage of over one million persons enters the 
Thames above Hampton, which is the pumping sta- 
tion of the southern water companies, This in- 
cludes at present Oxford, Abingdon, negro &e. 
Despite all that has been said about the oxidising 
influence of a running stream, it is evident from 
the report of the Water Examiner (Major Bolton), 
that in regard to the southern water supply, living 
organisms, both vegetable and animal, are almost 
constantly present, a fact which leads to the infer- 
ence that germs of disease are also to be found. 

Taking the Thames in its course through London, 
there seems to have been during the present year a 
marked improvement, arising perhaps from causes 
of a somewhat exceptional nature, e abominable 
smell that used to be found between London Bridge 
and Woolwich has been much lessened. The 
deposit of mud on the wharf banks seems in many 
places to have decreased, due — to a better 
‘¢scour” that has resulted from the inclement 
weather of early spring, and the subsequent floods. 
The opening of the western pumping station has 
doubtless had some influence in preventing the pollu- 
tion of the river, but still there remains a constant 
to-and-fro current of finely divided mud between 
Westminster Bridge and Greenwich. This travels 
up and down with the tide, and despite all the pro- 
phuies of the advocates of pisiculture, we are afraid 
that many years will elapse before salmon and 
trout will become as plentiful as they were in the 
“~~ referred to by Stowe. 

ith respect to the influx of sewage and manu- 
facturing refuse into the Thames, it is simply neces- 
sary to refer to the almost weekly — of the 
police courts. Some of these cases have already 








been noticed in our columns, but these are only 
small indications of the actual amount of pollution 
that exists on the banks of the river from the intro- 
duction of this manufacturing refuse. Although 
manufactures are not a special characteristic of the 
metropolis, they form a large element of river 
pollution, and in all cases the Thames from Rich- 
mond to Woolwich is the recipient of their refuse, 
The effect of a tidal stream within those limits is 
that of oxidising such matter, and thus to a certain 
extent of rendering it innocuous, but the acci- 
dental remedy does not equally act. Wherever the 
stream is impeded in its course a deposit of finely 
divided mud is left, and this is scarcely ever removed 
by the tide. The Thames Conservators in their re- 
port refer to this in regard to the metropolitan 
sewage. ‘They state that the annual survey made 
by their officers at the Barking and Crossness sewage 
outfalls, in the month of May and June, 1875, 
showed an increase of the mud deposit from the 
discharge of the sewage at those points, and pre- 
cisely the same deposits occur where the scour of 
the tide, especially at the entrance of wharves, does 
not provide a remedy. 

The various methods of dealing with the sewage 
now sent into the Thames above the Metropolitan 
Board’s limits will doubtless affect the future of the 
river. As Colonel Cox has suggested the use of 
filtration and precipitation schemes, at least so far 
as Hampton, there will possibly be no + diminu- 
tion of the volume of water, as the effluent of such 
processes, will most probably be sent into the river, 
On the other hand, if irrigation were adopted, a 
large volume of water would be diverted from the 
Thames, and consequently the present ‘ scour’ 
would be lessened. 

Into the dispute which has long existed between 
the ‘Thames Conservators and the Metropolitan 
Board of Works, in regard to the silting up of the 
river at the Barking and Crossness outfalls, we 
decline to enter. It does not require, however, much 
knowledge to perceive that despite all previous 
settlement in receiving tanks, the outflowing sewage 
must carry with it a large quantity of solid matter, 
both of a mineral and organic nature. Consequentl 
it must be expected that in the course of years, wit 
an annually increasing population, the Thames will, 
from such cases, become the subject of increasing 
impurity. While not advocating the visionary 
Maplin Sands scheme, we still must state that a lower 
outfall than at present exists should be kept in view 
a the Metropolitan Board as a matter of future 

ecision, 


RAILWAY ACCIDENTS FOR THE YEAR 
1875. 

THE general report which Captain Tyler presents 
to the Board of Trade upon accidents which have 
occurred on the railways of the United Kingdom 
during the year 1875 is on the whole satisfactory. 
The decrease in the number of investigated accidents 
as compared with 1874 is not great, but there is 
less loss of life, and the proportion of killed to 
journeys taken shows a sane improvement, The 
following Table shows the proportion of passengers 
killed from causes beyond their own control, to pas- 
sengers’ journeys, for periods from 1847 : 

















suse | ogg | Babs 
at b F | Beles 
, | pects 35 goset 
E | EEfts FE ae 
173,158,772 
1847 36 408, 
1848 {oran average} OF 43,289,603 1 in 4,782,188 
1849 of 9 per ann. per one. 
1857 64 aed 
149 934 581 ¢ | 1 in 8,708,411 
1858 {or an average | 139,334,581 powey 
1866 91 1,1 7,646,573 
or an average oran aver. 0! . , 
et ! of 22.775 | 294,411,643 i 1 in 12,941,170 
1869, per ann. per ann. : , 
1870 142 1,089,912,475 
or an ave! or anaver. 0 . 
| ! of sre} | 997,478,244 (| in 11,196,570 
1873 ann. ‘ r ann. , 
1874 86 477,840,411 |1 in 5,556,284 
1875 17 507,000,000 {1 in 29,823,500 








* Exclusive of journeys by season-ticket holders. 
The ¢otal number of persons killed on all the rail- 
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ways bas been 1290, and the number of injured 5755. 
Of these 134 of the killed, and 1806 of the injured 
were passengers. ‘The remainder is made up of 
Officers and servants of the railway Killed. Injured. 
: companies or of contractors .- 765 3618 


resp rs, ’ and miscel- 
laneous... ves ie . 9391 331 

Of the passengers, as stated in the Table above, 
17 were killed and }212 injured from causes beyond 
their own control. 

The number of passengers’ journeys ia arrived at by 
computation, the actual number not having been as- 
certained at the date of the issue of the report. The 
estimate, 507,000,000, is no doubt sufficiently accu- 
rate. Accepting it, we find that the proportion of 
passengers killed and me ye Srom ali causes is, for 
the past year in round numbers, 1 in 3,783,600 
killed, ne in 280,800 injured. In 1874 the pro- 
portions were ] in 2,274,881 killed, and 1 in 242,302 
injured, ‘The number of passengers injured from 
causes beyond theie own control was in 1575, 1 in 
418,300; in 1874, 1 in 296,243; and the average 
proportion for the four years 1870 to 1873, inclu- 
sive, was 1 in 338,423. 

Excluding 3, under the miscellaneous class, which 
refer to 3 persons killed (‘in one case whilst steal- 
ing whisky, and in the other two cases mainly from 
their own want of caution”), 161* accidents have 
formed subject for inquiry, as against 168 for 1874. 
These cnlioote which have been investigated and 
which involve a loss of life to passengers from 
causes beyond their own control, are 8 in number. 
‘The most serious was that at Kildwick on the 
Midland, by which 7 passengers were killed ; that 
at Seotsgap on the North British, by which 3 pas- 
sengers were killed; and that at Bathampton on 
the Great Western, by which 2 passengers were 
killed. In each of the remaining five accidents 
only one passenger lost his life. Of these 161 
accidents, 100, or 62 per cent., were cases of 
collision under different classes in addition to 
thoze which occurred on inclines or in connexion 
with facing points; 14, or 9 per cent., were from 
engines or vehicles meeting with or leaving the 
rails in connexion with defects of, or obstructions 
on, the permanent way; 13, or 8 pe cent., were 
from boiler explosions, or failures of axles or tyres, 
or from other defects of rolling stock; and 8, or 
nearly 5 per cent., were on inclinvs, A statement, 
too cumbrous for insertion in a notice of this de- 
scription, showing the proportion in which the 
various companies concerned in these accidents have 
contributed to accidents of a similar character for 
the years 1872, 1873, 1874, and 1875 with the re- 
lative passenger journeys, receipts, and mileage for 
the past year is given. Most noticeable amongst 
these are the Caledonian, the figures against which 
stand in the order of the years named as 20, 26, 9, 
and 3; the Lancashire and Yorkshire 31, 18, 20, 
and 20; the London and North-Western 35, 40, 32, 
and 25; the Manchester, Sheffield, and Lincoln 10, 
8, 7, and 4; the Midland 8, 15, 9, and 16; and the 
North-Eastern 36, 26, 15, and 15. 

The report contains a brief description of every 
investigated accident during the year, each in its 
class, with its causes, conditions, and the remedies 
required for its prevention. Fourteen cases are 
classed as principally arising from odstructions or 
defects in connexion with the permanent way or works ; 
23 passengers and 8 servants of companies were 
injured, and one company’s servant killed. In 10 
cases there was defective maintenance, and in 3 
cases defective construction of permanent way or 
works, and in one case defective construction of roll- 
ing stock. In 4 cases there were insufficient or 
inadequately enforced regulations; in 3 cases negli- 
gence or mistakes of officers ; and in 5 cases exces- 
sive speed having regard to the permanent way and 
rolling stock. ‘The most noticeable feature in this 
class is the absence of such accidents, as a rule, on 
the main lines, which clearly demonstrates their 
preventable character. ‘There was not a single acci- 
dent in this class on the system of ‘the London and 
North-Western, nor on that of the Great Northern. 
On the North British, near Carlisle, occurred the 
only failure of a bridge, which took place under the 
weight of a goods train. ‘The cast-iron girders 
of this bridge, which carried a goods line over the 
Wigtown-road, were half as strong as they ought 
to have been, and one of them failed from a serious 
defect in its bottom flange.” ‘There were two cases 
of express trains leaving the rails, one on the North- 


* Exclusive also of the accident on the London, Chat- 
ham, and Dover Railway at Swanley, the inquiry into 
which did not take place until May of this year. 





Eastern Railway, and the other on the South Devon. 
In the former case the engine was running at too 
high a speed round a sharp curve, with a defective 
permanent way. In the latter case the wheel of 
the van next the engine mounted a defective rail, 
whilst the train was travelling at a speed of 40 miles 
an hour. ‘There were also, of this class, not investi- 
gated by, but reported to the Board of ‘Trade, 78 
cases of passenger and 58 cases of goods trains, or 
portions of them, leaving the rails; 282 cases of 
trains coming into collision with obstructions, in- 
cluding cattle, and 79 cases of trains running 
through gates at level crossings ; as well as 16 cases 
of slips in cuttings or embankments, and 476 cases 
of broken rails. 

The class devoted to failures principally i the 
rolling stock, comprises 13 investigated accidents : 
92 passengers and 13 companies’ employés were 
injured, and 3 passengers and 3 servants killed. 
There were 3 cases of explosions of locomotive 
boilers, 4 failures of draw-bars or couplings, and 3 
cases of failures of wheel tyres. Two of the ex- 

losions of locomotive boilers occurred on the 
North-Eastern Railway. One of the engines had 
run 694,418 miles. ‘The boiler plates were defective 
and showed deep pitting. The mileage of the other 
engine is not given, but it had worked since 1857. 
The third case of boiler explosion occurred on the 
Manchester, Sheffield, and Lincoln. A longitudinal 
strip or belt, 4 in. wide and 4 in. thick, had cracked 
along its centre for 10 ft. 10 in. in length. Of the 
three accidents arising out of the failure of tyres, 
one was of iron, and the other two of steel. ‘They 
were all affixed to the wheels by bolts, a system 
which Captain Tyler remarks he has for some fif- 
teen years sufficiently denounced. The total casual- 
ties under this class reported to the Board of Trade, 
comprise 478 axle failures, 660 tyre failures, 112 
cases of wheel failure, 29 cases of coupling failure, 
20 cases of failure of parts of locomotive boilers, 
and 6 of brake apparatus. 

Of accidents to or from trains entering stations at 
too great speed, there were but two calling for investi- 
gation. ‘These were the occasion of injury to 15 
gga and two railway servants. No one was 
illed. One case is attributable to negligence on 
the part of the driver, and want of sufficient brake 
power, and the other to a relaxed system of block 
working. 

Collisions are classed under four heads: 10 investi- 
gated cases between engines and trains following one 
another on running lines, resulted in injury to 67 
passengers and 9 companies’ servants. In no less 
than 9 cases out of the 10, block working was not 
in force, ‘* but was required for preventing such 
accidents.”” In the tenth case the line was professedly 
worked on a block system, but the signalman had 
habitually neglected strictly to carry out its regula- 
tions. In every case there was negligence or mis- 
take on the part of officers or servants. Five of these 
10 collisions occurred on the London and North- 
Western, and 2 on the Lancashire and Yorkshire. 

Of collisions at junctions there are 14 cases. One 
servant of a company was killed, and 107 passengers 
and 7 servants of companies were injured. Five 
cases are due to want of block telegraph working, 
4 to defective signal or point arrangements, or want 
of locking apparatus, e rest are due to want of 
accommodation, or establishment, insufficient regu- 
lations, foggy weather, and brake power. The Great 
Northern, South-Western, Brighton, Chatham and 
Dover, Sheffield, Metropolitan, and North London 
Companies, with heavy traftic through numerous junc- 
tions, do not moun in this class. Eleven companies 
are included in the list of casualties ; the London and 
North-Western take 3, the Great Western 2. Inevery 
case there was again negligence or mistake on the 
part of officers or servants. 

We cordially endorse Captain Tyler’s remarks 
under this class, and hope to have the opportunity 
anon of saying something further upon the subject. 
‘There will,” he says, ‘‘ be more or less of risk at 
junctions, but this risk will be materially diminished, 
as the various means of precaution so constantly 
recommended come to be generally adopted. Con- 
tinuous brakes, under the control of the engine- 
drivers, to give them better command of their 
trains ; improved signal and point apparatus, with 
interlocking safety points, and locking bars and 
bolts at facing points, to afford complete con- 
trol of the traffic to the signalmen, and to prevent 
them from making mistakes ; junction block work- 
ing, to prevent conflicting trains from approaching 
a junction at the same time; the provision of proper 





accommodation in lines and sidings, and the careful 





selection and training of good men, under strict 
discipline, will all tend to diminish the number of 
such collisions. 

Collisions within fixed signals at stations and sidings 
furnish a list of no less than 67 investigated cases, oc. 
casioning the death of 10 passengers and 2 servants 
of companies, and injury to 582 passengers and 56 
servants of companies. There were 64 cases of 
negligence or mistake, 27 cases of defective system 
for securing intervals between trains, or in other 
words want of block telegraph working ; 23 cases 
of defective arrangements of signals or points, or 
want of locking apparatus, or safety points; 17 
cases of insufficient or inadequately enforced regula- 
tions ; 14 cases of insufficient accommodation in lines 
or sidings; 8 cases of inadequate brake power; 6 
cases of foggy weather; and 5 cases of insufficient 
establishment ; 23 companies were concerned in the 
67 accidents ; 37 out of the 67 occurred on the sys- 
tems of three companies, viz., 12 on the London and 
North-Western, 1] on the Lancashire and York- 
shire, and 7 on the Midland. The remedies required 
are those which have been frequently enumerated : 
—Extra lines or sidings, better arrangements for 
goods and mineral traflic, so as to avoid shunting 
them on passenger lines— frequently when passenger 
trains are due—greater caution on the part of the 
engine driver ; a clearer understanding of the duties 
and a better application of the block system ; and 
the employment of continuous brakes and improved 
arrangement of signals being the main points. 

OF collisions on single lines, or between trains meet- 
ing in opposite directions, we have 7 cases. ‘The death 
of one servant and injury of 40 passengers and 9 
servants of companies are reported: 2 cases were 
attributable to mistakes in train staff working, and 2 
to mistakes in telegraph working on single lines of 
railway. The following remark under this class of 
accidents comes very opportunely at the present 
moment with the recent occurrence on the Somerset 
and Dorset line before us, ‘In order to secure 
safety in single-line working, it is necessary not 
merely to employ a carefully devised system, but 
more especially to maintain strict discipline, and to 
enforce minute attention to the detailed regulations 
under which it is carried into practice.” 

At level crossings but one collision occurred, This 
occasioned the death of 1 passenger and injury to 4 
others, and to 2 companies’ servants. The signal 
arrangements which had remained unaltered for 
eighteen years, required improvement. There was 
want of caution on the part of an engine-driver, but 
the system of working was defective. 

Under accidents at facing points there are 25 in- 
vestigated cases: 3 passengers and one company’s 
servant were killed, and 82 passengers and 19 ser- 
vants injured. This class is the second in importance 
as regards numbers, and is the only one showing a 
material increase over the numbers of the previous 
year. In 16 cases there was negligence or mistake ; 
in 19 cases there were defective signal or point ar- 
rangements, or want of locking apparatus or of lock- 
ing bars or bolts; and in 6 cases there was defective 
maintenance. 

On inclines 8 accidents have been investigated : 
31 passengers and 6 servants of companies were 
injured, and 3 servants of companies killed. In 7 
of the 8 cases there was negligence or mistake of 
servants of companies; in 4 cases defective signal 
or oer arrangements, or want of safety points or 
of locking; in 3 want of accommodation ; in 2 in- 
sufficient regulations or want of discipline; in 2 
others a want of brake-power. 

Summarised, the 16] investigated accidents for 
1875 stand in juxtaposition with those for the 
three preceding years as tabulated on the following 


e. 

PT he report concludes that these figures are not 
satisfactory, either as to actual results, or by com- 
parison with former years. The highest figure, 126, 
represents, as usual, the number of cases in which 
negligence or mistakes of officers or servants entered 
into these 161 train accidents, and the next four 
figures in retrogression, 53, 43, 37, and 23 represent 
means by which that negligence may be prevented, 
viz., by better arrangements of signals, or points, 
or interlocking; by a better system of securing 
intervals between trains; by improvement of regula- 
tions or discipline ; and by an adequate provision of 
lines and sidings for conducting the traffic. With 
regard to the 10 cases of insuflicient brake power, 
it is pointed out that this item is, in reality, a more 
important one than appears from the number, 
‘* because there are always numerous other instances 
in which collisions m‘g't be prevented, or their 
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serious consequences might be averted if engine- 
drivers had in their own hands the power of readily 
stopping their trains, instead of being obliged to 
trust partly to the guards, who too often hear 
nothing of their brake whistles, and of being un- 
able, when they do hear them, to bring their trains 
to a stand within reasonable distance.” 


Summary of Railway Accidents. 





Number of Cases. 





Cause. 


1872. | 1873. | 1874. | 1875. 





Fracture or loosening of 
couplings ... ee ait 
Defective maintenance of roll- 
ing stock as ae 
Defective maintenance of road 
or works os am ee 
Defective construction of roll- 
ing stock oot We 
Defective construction of roads 
or works sas mi we 
Insufficient or defective accom- 
modation for the require- 
ments of traffic Sad ioe 
Insufficient establishment, long 
hours, or inexperienced ser- 
vants ... ose ai <e 
Insufficient brake power j 
Defective arrangements of sig- 
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nals or points, want of, or 
defective locking apparatus, 
or want of safety points or 
locking bars or bolts <a 
Insufficient or inadequatel, 
enforced regulations iat 
Defective system for securing 
intervals between trains, or 
want of telegraphic com- 
munication or block system 
Negligence, want of care, or 
mistakes of officers or ser- 
vants ... bts ia sad 
Excessive speed, having regard 
to engine, road, or other cir- 
cumstances ... eve Sad 
Foggy or stormy weather, or 
snowstorms ... isa és 
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Of the 161 investigated cases referred to, no less 
than 75 occurred on the lines of four companies, viz , 
25 on the London and North-Western, 19 on the 
Lancashire and Yorkshire, 16 on the Midland, and 15 
on the North-Eastern Railways. 

In considering the accidents to passengers, it is 
pointed out that no less than 62 came by their death, 
and 421 met with injury by falling, either between 
trains and platforms, or in joining or alighting from 
trains. The employment of continuous footboards, 
and improved arrangements for adapting the 
carriages and platforms to one another, is again 
strongly urged. Risk to many branches of the 
service would be materially lessened if, instead of 
6 ft., a distance of 10 ft. or 12 ft. were preserved be- 
tween running lines and sidings parallel to them. 
Where four lines of rails run parallel to one another 
increased space might, with advantage, be main- 
tained between the two pairs of lines. Improved 
couplings, to passenger and goods vehicles, so con- 
structed that it would not be necessary for the men 
to get between the carriages and wagons for the 
purpose of attaching and detaching them; and im- 
provements in the application and economy of 
brake-power, to supersede the present lever brakes 
on trains in motion, would also materially con- 
tribute to the safety of the men employed. As 
regards couplings, the efforts of Mr. Brocklebank, 
whose apparatus has recently been tried experi- 
mentally on the Great Northern Railway, are spoken 
of as worthy of attention. 

A description of the failures of axles and tyres on 
the lines of the various companies, compiled for the 
first time, is given in the appendix. Having regard 
to the very large numbers recorded against some 
companies, and the very small numbers recorded 
against others of equal or greater importance, there 
seems some reason to question if all the companies 
have been ejually careful in reporting such failures, 
Of broken axles the Great Eastern return 31], the 
Great Northern !7, Great Western 131, London and 
North-Western 38, London and South-Western 11, 
London, Lrighton, and South Coast 12. Of broken 
tyres 8$ ocurred on the Bristol and Exeter line, 455 
on the Great Western, and 32 on the North British. 
The appendix gives many particulars with reference 
to each class, which will prove valuable and inte- 
resting. Thus, of the 35 cases of broken tyres, 
reported by the Great Eastern Company, 16 are 
attributable to wagons belonging to private owners. 





The tyres, which were rivetted, were broken trans- 
versely, and with one exception remained onthe wheel. 
Of the 455 on the Great Western, 340 were under 
wagons, the property of private owners; 35 fast- 
ened by rivets, broke transversely, and remained 
attached to the wheel, 272 fastened by rivets, broke 
longitudinally and remained fixed to the wheel, one 
wagon had under it a tyre, which left the wheel in 
consequence of the rivets giving way; and 1] wa- 
gons, also belonging to private pecs were found 
with tyres, fastened by rivets which were loose. 

The results of the past two years are more satis- 
factory, on the whole, than those of the two years 
preceding them. With an increased traffic, there 
has been a diminution in the number of accidents as 
compared with 1872 and 1873. The least satis- 
factory classes are collisions between trains meetin 
in ov directions, collisions at junctions, an 
accidents at facing points. 





THE POSTAL TELEGRAPH SYSTEM. 

From facts which have lately been published by the 
Select Committee on our telegraph system it appears 
that the department has managed its business in a 
manner that does not reflect credit on itseconomy. It 
is true that at first the estimates were made ina 
hurried manner, but in each year, up to the present 
time, the expenditure has been enormous compared 
with the receipts. The engineering department is 
that to which attention is ang ed by the 
Committee, and it is described by them as both 
costly and complicated. Itis the duty of this de- 
partment to maintain existing and form new and ex- 
tended lines, and also to keep up the efficiency of the 
electrical apparatus, and other matériel. That these 
duties are heavy will be seen when it is stated that 
there are 63,000 miles of road wires, 45,000 of rail- 
way wires, and 12,000 instruments to superintend. 
But the Committee are of opinion that the existing 
staff of officials is needlessly large and expensive, 
costing something like 110,000/, annually. The sub- 
division of authority is such that the number of 
head officials is out of all proportion to that of the 
subordinates ; in fact the relative number of the two 
classes of superintendents and workers is nearly 
the same. Circumlocution and red-tapism seem to be 
the rule of this department. The engineering staff 
is evidently over-staffed, as admitted by one of the 
authorities, but this is excused by the fact that many 
of the officials were transferred together with the tele- 
graphs from the oldcompanies, and it was thought just 
as well to accept their services as to pension them, At 
the instigation of the Postmaster-General an inves- 
tigation has already been made for the purpose of 
ascertaining how a reduction of the staff can be 
judiciously and permanently effected, and several 
suggestions have been made for thus lowering the 
present annual charges. But in many respects the 
Select Committee and the postal authorities are at 
variance in their views, and we believe at present 
nothing definite has been decided on. Taking the 
report as a whole, it is evident that a radical re- 
form should be introduced in the whole system. 
More energy, more economy, and a larger amount 
of scientific and practical knowledge seem urgently 
required before thorough efficiency and judicious 
economy become the characteristics of the depart- 
ment, The Committee urge that greater facilities 
and lower charges would probably afford greater 
profit in working the system with the public. 





NOTES ON TORPEDOES.—No. XI. 
SIGNALLING AND Firmna APPARATUS, 


AmonG the most useful of the instruments em- 
ployed in connexion with submarine mining for the 
purpose of facilitating its application to coast and 
harbour defence that have originated at the Chatham 
School, the shutter signalling and firing apparatus 
stands pre-eminent for efliciency and usefulness, 
And yet on its first introduction there would appear 
to have been no foreshadowing of its ultimate im- 
portance, or else officials, burning with somewhat 
justifiable pride, were eager to exhibit to the world 
the evidence of their careful consideration of a sub- 
ject which then, as now, attracted no inconsider- 
able portion of public attention. Be this as it may, 
it is certain that all foreign authorities and officials, 
and indeed all visitors, irrespective of class or 
nationality, were with praiseworthy alacrity duly in- 
itiated into the mysteries of the new arrangement, 
and after its specialities had been industriously pro- 
mulgated among all whom it concerned to know, the 
authorities appear to have awakened suddenly to a 





just sense of its utility, and the reform that its 
advent was destined to mark in the era of submarine 
mining, since inquiries were all at once instituted 
which terminated in the receipt of orders from head- 
quarters to guard the now precious instrument from 
inquisitive observation. ‘laking into consideration 
the whole of the circumstances attending its first 
introduction, there was something really ludicrous 
in the zeal and vigilance displayed on the rati- 
fication of these new advisers, in covering up 
and watching over the apparatus on the approach 
of strangers; they even supposed in their innocence 
that their secret was safely guarded from the outside 
world, until they were rudely awakened to the actual 
state of affairs by an electrical instrument manu- 
facturer offering to supply them, at a reduced cost, 
witha fac-simile of the instrument which they had been 
so jealously guarding, when it may be assumed they 
could no longer shut their eyes to the fact, that, un- 
fortunately, they had locked the stable door only 
after the steed had been stolen. 

The peculiar object sought to be effected by the 
introduction of the signalling and firing apparatus, 
was the providing of an automatic relay, for throwing 
the firing battery into the circuit at the right 
moment, and to indicate the number, and con- 
sequently the ition of an exploded charge, and 
so clearly to indicate to the defender, the breach 
occasioned in the line of obstruction, It also serves, 
by recording the contact of friendly ships, to show 
that the vessels enclosing the apparatus still retain 
their buoyancy. 

Many important improvements have been made 
in the apparatus since the period of its first intro- 
duction ; indeed, in point of fact, the efficient in- 
strument in present use possesses but little in 
common with the contrivance that gave it birth. 
Until a comparatively recent date it was necessary, 
after the instruments were connected up for service, 
to retain the signalling battery continually in 
circuit’; the circuit-closers attached to the submerged 
charges being so arranged that a passing vessel by 
concussion would break the connexion with the 
signalling battery, and so release the armature of 
an electro-magnet introduced into the circuit at the 
shutter signalling apparatus of which it is the prime 
mover. The release of this armature resulted in the 
freeing of two small pendulous weights, the one 
ringing a bell to indicate the concussion to the 
operators in charge of the station, and the other, 
which was virtually a self-acting switch, served to 
disconnect the signalling battery, and throw the 
firing battery into circuit, thus effecting the explo- 
sion of the connected charge. ‘The necessity of 
retaining the signalling battery continually in circuit 
was an obvious disadvantage, on account of the 
difficulty of keeping up a current of uniform 
strength, while the employment of two levers or 
switches for the purpose of signalling to the 
operator, and transferring the electrical currents, 
marked it as much inferior to the present simple 
arrangement, 

The apparatus consists of seven indices enclosed 
in a polished wood case having a glass front, through 
which their adjustments may be readily observed. 
The number of indices being proportional to the 
number of insulated conductors contained in a 
single electric cable, the single core cables to which 
the charges are connected, branch from the extremity 
of this multiple cable, forming what are usually 
termed groups, each of which comprise seven dis- 
tinct charges. The line of obstruction formed with 
this species of torpedo consists of a series of these 
groups, varying in accordance with the extent of 
the roadstead to be defended; it therefore follows 
that one signalling apparatus, consisting of seven 
indices as mentioned above, will be required to 
complete each group, the conductors projecting 
from the shore end of the multiple cable being con- 
nected to the several terminals of the instrument ; 
full instructions for arranging these connexions will 
be given in a future chapter. 

The mechanism comprising each index is affixed 
to an ebonite disc 3} in, square, secured to the face 
of an electro-magnet, the poles of which project 
slightly through it, and terminate in two angular 
pieces of soft iron ; balanced on‘a pivot between the 
vertical sides of the soft iron extremities is an ar- 
mature, also of soft iron ; the armature when at rest 
is held back from the poles of the magnet by means 
of a weak an spring, for the adjustment of which 
a small mill-headed screw is provided. Adjusting 
screws are also employed for the purpose of regu- 
lating the distance intervening between the armature 
and the positive and negative pole of the et. 
A short distance from the lower end of the ebonite 
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discs is secured an ebonite bar running the entire 
length of the wood case ; to this bar are attached the 
contact springs communicating with the firing 
battery. In order to bring the firing battery into 
circuit at the right moment a small pendulous lever 
or switch is provided, turning freely on a pivot near 
its centre; to one extremity of the lever is affixed 
two small tongues corresponding to two small 
tongues on the end of the armature, the other ter- 
minating in a circular brass disc. To adjust the 
instrument the weighted end of the lever is raised 
until the metallic tongues on the opposite extremity 
make contact with the corresponding tongues on 
the armature, when it remains poised so long as the 
armature is held rigid, which is effected by the weak 
spring before alluded to, until the closing of the 
signalling battery circuit sends a voltaic current 
through the helical coils of the electro-magnet, 
occasioning a momentary deflection of the armature, 

and thus freeing the weighted lever or switch, 
which in falling strikes a bell, and makes contact 
with the metal spring affixed to the ebonite bar, 
thereby bringing the firing battery into the circuit. 

The apparatus will be more readily understood on 
reference to the figures shown by the engraving. 
Fig. 40, on page 306, is a front elevation of the 
apparatus, showing the terminals and position oc- 
cupied by the indices, though one only of the seven 
is given complete, Fig. 4] is a plan of ditto, and 
Fig. 42 a cross section. A single indicator is shown 
full size at Fig. 43, and Figs, 44 and 45 are details 
of same. 

Figs. 40, 41, and 42 are, as already observed, three 
different views of the entire apparatus, if we except 
the six indices necessary to complete the series, A 
is the polished wood case, the front of which is con- 
structed to turn on hinges, and is provided with 
glass panels in order that any defect in the indi- 
cating mechanism may be readily observed and ad- 
justed, and also that the number of any exploded 
charge may be at once noted. Bis a square plate of 
thin ebonite secured to the extremities of the poles 
of an electro-magnet, and carrying the automatic 
mechanism ; C C are the positive and negative poles 
of the electro-magnet; D is the soft iron armature 
moving freely on a pivot sustained by the bearing E ; 
F F two regulating screws for governing the pro- 
pinquity of the armature relative to the poles of the 
magnet ; G is a weak spiral or helical spring, em- 
ployed for the purpose of imparting the requisite 
rapidity to the armature while at rest; H is a con- 
ducting spring along which the current flows from 
the signalling battery, the lower extremity of this 
spring presses lightly on a small platinised tongue 
projection, on the pinion of the switch J, turning 
on a pivot in the bearing 1; K is a contact spring in 
direct metallic connexion with the firing battery ; L 
the ebonite bar to which the springs are attached ; 
and M a bell arranged to bestruck by the falling ot 
the switch J into contact with the contact spring. 
O, O, O are brass terminals to which are affixed the 
several insulated cores projecting from the shore- 
end extremity of the multiple cable; N, N, N are 
a second series of terminals having separate me- 
tallic connexion with the sights of the telescopic 
observing and firing arc, so that both systems of 
firing may be in operation at one and the same time ; 
P, P, P, are brass plugs with ebonite heads employed 
to connect the separate indicators with the signalling 
and firing batteries ; this is effected by plugging the 
small space insulating the brass plates M R from 
the central plate S, which is in metallic connexion 
with the coils of the electro-magnet, perfect insula- 
tion being insured to the metal plates by mounting 
them on ebonite, as shown by U, To the terminals 
M R are attached respectively the conte poles of 
the signalling and firing batteries ; and V V are the 
coils of the electro-magnet, constructed in the usual 
manner, namely, by coiling a great quantity of fine 
copper wire, wrapped with silk, round suitable 
bobbins fitted to the soft iron cores of the magnet, 
care being taken that the convolutions of the spiral 
on each leg shall follow the same direction. 

It will be noticed on reference to cur illustration 
that a wooden guard is employed, to protect the 
separate insulated tongues of the firing terminal R 
from accidental contact with any metallic substance, 
which ,: bridging the small space intervening be- 
tween the metal tongues would fulfil the part 
allotted to the plug P, viz., throw the whole of the 
firing springs into circuit; it therefore necessarily 
follows, that should any of the switches or relays 
J have fallen into contact with these springs, the 
explosion of the annexed charges would be inevit- 


station under the supposition that the line had been 
rendered safe, was to come in contact with any of 
the circuit-closers connected with this particular 
apparatus, the result would be still more dis- 
astrous. ree * 

Fig. 43 is an enlarged view of a single indicator, 
from which the electrical arrangement will be readily 
understood. Let us suppose MS and X R to have 
been plugged with two of the brass plugs P, the 
current will then flow from the copper pole of the 
signalling battery (the zinc pole having been put 
to earth) by the insulated wire 1 through the coils 
of the electro-magnet to the spring H, by the bear- 
ing I, to the insulated wire 2, to the terminal O, 
and so through the cable to the circuit-closer ; it is 
therefore obvious, that on the concussion of a pass- 
ing ship disturbing the apparatus sufficiently to 
abridge the small space separating the contact points 
of the circuit-closer, the electrical current will pass 
to earth, thus completing the circuit and thereby 
cause a momentary deflection of the armature, re- 
leasing the switch J, which by reason of the mo- 
mentum afforded by the circular disc falls into con- 
tact with the spring K, striking at the same time 








the bell M, and breaking contact with the spring 
H, by reason of the platinum projection affixed 
to the pinion of the switch J assuming a vertical 
in place of a horizontal position. The signalling 
battery is thus cut out of the circuit, and the 
firing battery switched in, the voltaic current 
flowing from the pes gs pole of the battery 
(zine to earth) by R and X to the spring K, along 
the lever of the switch J to the bearing I, insulated 
wire 2 and terminal O, along the cable through the 
electrical fuzes of the annexed charge to earth, thus 
exploding the mine. 

Fig. 45 is aside elevation of the switch J, showing 
the position of the platinum tongue (Z) previously 
alluded to. 

Captain C, A. McEvoy employs a shutter appa- 
ratus in connexion with his circuit-closers, as an auto- 
matic means of shunting the firing battery into the 
circuit at the required moment ; the apparatus which 
has been designed with a special view to cheapness 
and simplicity consists of a series of indices or relays 








enclosed in a rectangular wooden box, the only ex- 
ternal index being the revolving of a coloured disc 
behind small circular openings in the front of the 
box, the number of these openings corresponding to 
the number of the relays enclosed. When the ap- 
paratus is adjusted, which is accomplished by the 
aid of a small key, thus avoiding any necessity for 
exposing the internal mechanism, a white disc ap- 
pears at each of the small openings in the front 
of the box, but on the completion of the signalling 
circuit a voltaic current is sent through the helical 
coils of an electro-magnet, causing the momentary 
attraction of a softiron armature, and thus releasing 
the switching arrangement, which actuated by a 
suitable spring, closes the firing circuit and explodes 
the charge ; a red disc succeeding the white at the 
circular opening indicates the fact of the explosion 
to the officials in charge. 

In this apparatus no bell or acoustic telegraph 
of any kind is employed to call the attention of the 
operator, nor are any arrangements provided for 
the simultaneous use of the observing telescopic and 
firing are. The experiments, however, that were 
made duringa recent visit gave highly satis- 
factory results ; in no case did the instrument fail 
when applied, nor did a single instance occur of the 
considerable jarring, to which they were subjected, 
liberating the switch of the firing battery; this is 
an important feature of merit, as when placed in a 
fort mounting heavy guns, the jar occasioned to 
the apparatus by the discharge of the ordnance 
would be very considerable. 








TURKISH RAILWAYS. 
Tue last two great wars on the Continent have sufficiently 
demonstrated the great value of railways for operations in 
the field. On that account it will be interesting to note the 
railway resources of the Balkan Peninsula, which may at once 
be said to be greatly deficient in this respect. Thereare no 
lines of railroad at the seat of war and in its immediate 
neighbourhood, and thus the removal of troops from one 
scene of operations to another,depends entirely on the march- 
ing powers of the troops engaged, which, as we know, up 
to the Crimean War always regulated their movements. 
Turkey for the first time now uses the few railways at her dis- 
posal for transporting her forces from distant provirces. 
Since the extent and importance of those several lines are 
not generally understood, it may not be out of place to 
enumerate the few railway communications at the disposal 
of the Turkish commanders. There are five railway routes 








able; or if a friendly vessel crossing the torpedo 





in European Turkey, all independent of each other, and 





having no junctions with foreign railway systems, with the 
exception, perhaps, of the line from Varna to Rustchuk, 
joining here the Roumanian system of railways. The most 
eastern and shortest of Turkish lines leads from Kustendje, 
on the Black Sea, to Tchernavoda, on the Danube; the 
second from Varna, on the Black Sea, past Shumla over 
Rasgrad to Rustchuk, on the Danube, where it joins the 
Roumanian railways. The third and longest line, the 
Roumelian Railway, leads from Constantinople over 
Adrianople and Philippopoli to Sarembey, there branching 
off along the Maritza to Dede-Aghatch, on the Zgean Sea, 
and is intended to be extended beyond Sofia. The fourth 
line, which, besides the last-named, has lately been most 
used for the transport of troops, starts from Salonica, and 
ends at present at Mitrovitza, but is destined to form the 
connecting link with Hungary and Austria, and thus to 
become the most convenient and direct line of communica- 
tion of the East with the West. The most simple network 
of railways will only be completed when the Roumelian 
Railway is joined to the Salonica-Mitrovitza line, and the 
latter to the Austro-Hungarian railway systems. Only then 
will this line, which will afford uninterrupted communica- 
tion between Paris and Vienna and Constantinople, become 
of importance. The reason why this undertaking has not 
yet seen its completion is found in the miserable quarrels 
of the Turkish Government with Baron Hirsch, the railway 
contractor. The line of junction most easily to be con- 
structed would lead through Servia, while Turkey wishes 
to see the railway continued through her territory, namely, 
the Herzegovina and Bosnia, although those countries must 
offer the greatest difficulties to railway construction on 
account of their extremely mountainous nature and sparse 
population. The Turkish Government has constructed 
already a short line in Bosnia, the fifth in our list, leadiag 
from Doberlin over Novi and Priedor to Banyaluka, destined 
to form an intermediate link between the Roumelian and 
Austro-Hungarian railways. Servia does not possess a 
single line of railway ; and only one Hungarian line, that 
from Temesvar to Bazias, has its terminus on the opposite 
bank of the Danube ; Belgrade itself being still dependent 
on stage-coach and river communications. The construction 
of Servian railways was, however, almost as good as secured, 
and had not the war intervened, would have commenced in 
a few months. Roumania has an extensive system of rail- 
ways, nowhere, however, on account of the intervening 
Carpathian Mountains, joining the Hungarian railroads, 
Greece has at present only one short line, the railway from 
Athens to the Pirswus ; and it need hardly be mentioned that 
Montenegro has no railways, and probably never will possess 
any. 


THE MANCHESTER STEAM USERS’ 
ASSOCIATION. 

Tae last ordinary monthly meeting of the executive 
committee of this Association was held at the offices, 
9, Mount-street, Albert-square, Manchester, on Friday, 
September 29, Mr. Hugh Mason, President, in the chair, 
when Mr. L. E. Fletcher, chief engineer, presented his 
report, of which the following is an abstract : 

rom the 24th of June to the 22nd of September inclusive, 
918 visits of inspection were made, and 1944 boilers 
examined, 1113 externally, 16 internally, 16 in the flues, 
and 789 entirely, while in addition 17 boilers were tested 
by hydraulic pressure. One of these hydraulic tests was 
applied to a boiler already in use, to ascertain its fitness 
for the pressures at which it was worked, while in the 
other 16 cases the boilers were new ones, and were tested 
not only by hydraulic pressure but also specially examined, 
both as regards their construction and complement of 
fittings, before leaving the maker’s yard. uring the 
above period the following defects have been met with: 
Furnaces out of shape, 11—2 dangerous; fractures, 14; 
blistered plates, 14—2 dangerous; internal corrosion, 36 ; 
external ditto, 31—3 dangerous; internal grooving, 23; 
external ditto, 1; water gauges out of order, 2; blow-out 
apparatus ditto, 3; safety valves ditto, 10—1 dangerous ; 
pressure gauges ditto, 23—1 dangerous; boilers without 
glass water gauges, 4—3 dangerous; without safety 
valves, 3—dangerous; without pressure gauges, 3—2 
rous ; without blow-out apparatus, 2; without feed 
back pressure valves, 24—5 dangerous; cases of over 
ressure, 4—3 dangerous; cases of deficiency of water, 1. 
otal, 209 defects—25 dangerous. 

The report added that seven explosions had occurred 
during the above period, by which 55 persons had been killed 
and 49 others injured. The scene of the catastrophe had been 
visited in every case by one of the Association’s officers, and 
the results reported. Not one of the explosions referred to 
arose from boilers under the charge of the Association. 
Full and detailed particulars were given of the explosion 
that occurred on board Her Majesty’s ship Thunderer, the 
remarks on this subject being accompanied with photographs 
and drawings, showing the vessel and general arrangement 
of the engines and boilers, as well as the detailed construc- 
tion of the boiler that burst; also showing the manner in 
which it failed, and the rents that had been developed. 
There were also laid before the committee specimen pieces 
of plate and specimen stays, cut from the actual boiler, 
showing the distress to which it had been subjected by 
excessive pressure before it gave way, and also witnessing 
to the fury of the explosion. Mr. Fletcher attributed the 
explosion to the inefficiency of the safety valve ents, 
and recommended that every boiler in Her Maj s Navy, 
whether worked at a high ressure or a low, should 
fitted with a “sentinel ’ ety valve. Inasmuch as the 
stokeholes on board ship are always confined spaces, 
the main safety valves cannot be allowed to blow into 
them, as the cloud of steam would blind and scald the men. 
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Therefore the valves have to be enclosed in a box and the 
overflow steam carried off through a waste pipe led up on 
deck. The difficulties on vessels of the Thunderer class 
are aggravated by the fact that the stokeholes are 
entirely below water line, and no ray of sunlight ever 
enters, while the end of the discharge pipe at which the over- 
flow of steam escapes is removed to a considerable distance 
from the stokeholes, and is common to a number of boilers, 
so that the firemen cannot see whether the valves blow or 
not. The ‘‘ sentinel’ safety valves would be open, and, 
being of small diameter, and loaded to 5 Ib. in excess of the 
ordinary working pressure, so as only to blow in case of 
emergency, when the ordinary pressure was exceeded, 
might be allowed to discharge directly into the stokehole, 
so as to give warning should excessive pressure occur, while 
they could be tested by hand at any time, so that it would 
at once be seen whether they were free or not. The main 
difference between the ordinary safety valve and the sentinel 
safety valve is that the ordinary valve is locked up ina cast- 
iron box and thus concealed, while the sentinel valve is 
open to view, and can at any moment be tested with a 
touch, thus affording ocular demonstration, by blowing off 
or not, whether it is free or whether itis stuck fast. Thus 
it would be in the power of the stokers to protect them- 
selves. 

By the consent of the Admiralty an experimental chamber, 
made at the dockyard, Portsmouth, during the recent in- 
vestigation as to the cause of the explosion on board the 
Thunderer has been deposited in the museum of the Associa- 
tion. This chamber was made for the purpose of being 
submitted to a series of hydraulic bursting tests to as- 
certain the strength of flat stayed surfaces, and is now ex- 
hibited by the Association in the hope that it will prove of 
service to boiler constructors. This museum, which the 
recent removal of the Association to larger premises has 
enabled it to institute, will considerably increase the service 
the Association is able to render to boiler owners and boiler 
makers. It already contains several most instructive 
specimens, calculated to throw light on the cause, and assist 
in the prevention of steam boiler explosions. 








“THE UTILISATION OF BLAST 
FURNACE SLAG.” 
To THE EDITOR OF ENGINEERING. 

Srr,—The paper on the above subject by Mr. Bashley 
Britten merits special attention, if only for its adventurous 
spirit, and as a bold scheme for the appropriation of the 
unpicturesque mountains of rubbish with which our iron 
centres are miserably infested. The idea is not by any 
means novel—it is almost as old as smelting—but all at- 
tempts to utilise slag for glass making have egregiously 
failed. 

It has long been patent to the world that the elements of 
useful glass are contained in the so-called *‘ slag, but not 
in such adjusted proportions as to make a workable glass 
direct, and it is upon the possibility and practicability to 
adjust these proportions that the question of its commercial 
fitness rests. 

The largest of our glass industries, and the one the wares 
of which are nearest in composition to the “‘ blast furnace 
refuse”’ is the common “ black bottle,” and the chief seat 
of its production is contiguous to the Cleveland district, 
and where utilisation would be a double boon to the people 
by enlarging the sphere of a well-paid manufacture, and 
the prospective removal of a dismal eye-sore. 

The only expensive constituent in the composition of 
common “ bottle glass’’ is lime—it is the only element of 
cost to be saved—even granting an unqualified success in 
the use of the “‘slag.’? But the limes of the Cleveland, 
North Yorkshire, and South Durham district, and such as 
are used in the smelting furnaces of Cleveland, are unsui 
for the production of a strong transparent workable glass, 
and the ‘‘ bottle works” situated in their centre import 
their limes from a river 30 miles north of the Tees. 

So far as the refuse of the Cleveland furnaces is con- 
cerned, I believe it is utterly unfitted for the production 
of common glass bottles, owing to the character of the lime 
it contains, and though it is not impossible with the aid of 
expensive alkalis to counteract the radical defect, yet it puts 
the cost of the glass altogether beyond commercial limits. 

But, supposing even this susceptible of some remedy, 
there comes the practical difficulty. The slag is deficient of 
the silicious element, which it is proposed to make up by 
the introduction of raw sand. Did Mr. Britten ever try 
the fixing of raw sand in fluid glass? He has counted as 
one source of economy the saving of fuel. I verily believe, 
and not speaking without some knowledge of the subject, 
that if he put 5 or 6 ewt. of raw sand into some 15 cwt. of 
liquid cinder in any pot or bath he would fail to fine it in a 
week, even with a consumption of fuel unheard of in glass- 
making. I have often heard of weakening a strong batch 
by the infusion of lime, but never strengthening a weak one 
by sand. The melting and fining of sand when cha 
along with the other “ingredients of the cauldron”’ is 
assured; but to deprive it of the reaction of its associate 
agents, it is simply impossible, and it runs into stones and 
knots, the presence of which renders the glass unsaleable, 
but with such an addition as 50 per cent. added subsequent 
to the fluidity of the metal I believe perfect fusion _practi- 
cally impossible. If ever it is to be used it must be by cool- 
ing the slag, careful selection, grinding, sifting, heating up 
to a red heat, with its additional sand and its fluxes also 
added, and even then it will far exceed in cost the veritable 
charges incurred in the production of bottle glass by the 
ordinary means. I will venture to give the cost of this 
= glass in the immediate vicinity of the slag-laden 

rict. 

I know the estimated cost of black bottles is within a 
fraction of 11d. per dozen. The labour that is inevitable, 
whether the glass be from slag or otherwise, is 8}d. per 
dozen, — of the “‘in-work,’’ the “ out-work,”’ the 
yard, and so forth ; this leayes the somewhat narrow margin 











of 23d. per dozen for material, the most expensive of which 
is lime; this will cost about $d. per dozen, the sand d 
from the bed of the river got for the trouble of loading an 
carrying costs 4d. per dozen. The alumina is the dried 
common red clay, or the refuse of brick ae. this with 
an equal quantity of slack (a silicious mud) also from the 
river , and common salt for flux, costs another 3d. 

r dozen, and with 1d. for coals, this leaves 4d. per dozen 

or other trifling contingencies. 

It will be seen from this that with the exception of lime 
and salt, the materials are as much a refuse as the “ slag”’ 
itself, and Iam sure could be secured in abundance and 
carried at a cheaper rate, even if slag were usable. The 
chief sources of economy urged by Mr, Britten are the non- 
purchase of lime, and the lessened consumption of coal. 
Well, the entire cost of fuel is not large, the consumption 
being about 1 ton per 100 dozen of bottles, and one-third of 
this is used in working the glass into wares, and I am sure 
the saving anticipated in pounds is purely visionary. But 
in my opinion nothing could compensate for the introduc- 
tion of the element of uncertainty into a manufacture, the 
success of which depends upon the regularity and rapidity 
of its produce, and which offers the least scope for failures. 
The inconstant character ot slag would, I believe, render it 
difficult to get two taps precisely alike,” and workable 
glass cannot be made in such fashion. It is one thing to 
make glass, it is quite another to work it. And it is quite 
possible to get a clear transparent seemingly fine glass 
that will not bear the contact of the workman’s irons. 

I wish Mr. Britten every success in his venture, and 
sincerely hope he rd be successful in his production of 
‘* rough plate’’ and other wares that undergo less mechani 
action and nice manipulation than the making of ‘‘ bottles.’’ 
But Iam not prepared to see any very remarkable diminu- 
tion of our “‘slag’’ mounds by the means he has proposed. 

I am, Sir, your obedient servant, 
CYCLoPs. 








RAILWAY WORKING AND GOVERNMENT 
INSPECTION. 
To THE EpIToR OF ENGINEERING. 

Srr,—In your paper of September 29 there is an article on 
Railway Working and Government Inspection. I will with 
your permission make a few remarks on that subject. 

In consequence of the accident to the Flying Dutchman 
Captain Tyler was requested to inspect the line between 
Bristoland Exeter ; he has walked over all theline and isnow, 
I believe, inspecting the Somersetand Dorset in the same way. 
Now, if his reports on the permanent way of either of 
these two lines is sent to the directors of these companies, 
with suggestions as to where the permanent way ought to 
be putainto a better condition, and how the traffic might be 
worked with a greater regard to the safety of the public, 
I think as the law is at present the Board of Trade haveno 
power to compel the railway companies to adopt the sug- 
gestions that their inspecting officer may make. 

Now I venture to suggest that the Board of Trade shall 
have power (given them by Act of Parliament) to go before 
the Railway Commissioners, for an order ee them 
to adopt the suggestions of the Board of Trade inspector. 
I shall suggest that when the Railway Commissioners 
heard such cases, that they should be assisted by one or 
two engineers appointed by the council of the Institution 
of Civil Engineers. If this had not been done should we 
not find continuous brakes on all trains that went at the 
rate of thirty miles an hour? 

I am yours truly, 
JUVENIS. 


REILLY’S WATER CASING FOR BOILERS. 
To THE EpirorR OF ENGINEERING. 
Srr,—May I again trouble you for a small space in your 
ae issue in reply to Mr. Baldwin’s letter given in your 
? 


As Mr. Baldwin disputes my statement that there were 
**branch pipes leading to different parts of the works 
having valves or taps to close the communication,” I shall 
endeayour to explain clearly the arrangement of the pipes, 
as Mr. Baldwin has failed to do so, commencing at the 
large tank from which the su ply of water was obtained. 
This was situated about 10 tt igher than the donk 
pump, and was connected with the small .vessel in whic 
the water was measured by a pipe with a valve to admit it 
as required. When this vessel was full the inlet valve was 





closed and the outlet leading to the donkey pump opened. 
The pipe from this pump to the water casing was about 
24 ft. long by 1} in. in , het eter, having nearly two-thirds 


of its length underground. From this pipe was a branch 
also 1} in. in diameter with a valve regulated by a handle 
in the ordinary manner. This branch pipe likewise 
underground beyond the valve, but neither Mr. Reilly, nor 
the manager, nor Mr. Ashton, nor the ineman could 


rged | inform me where itled to. On the first day, the trial had 


been going on about an hour and twenty minutes before I 
observed that this valve was partially open, and on my 
drawing Mr. Reilly’s attention to it, he ordered the pipe 
to be cut. This was done and the end of the pipe pl 
up to stop the flow of water which apparently came from 
the supply tank first mentioned. It was obviously impos- 
sible to ascertain how much water had thus escaped during 
this hour and twenty minutes, but supposing that the whole 
of the water had entered the boiler and been evaporated, 
the result would not have been 10.541b. of water per pound 
of coal, instead of 13.5 lb. as shown by a previous test. It 
is necessary further to mention that there was not a 
direct communication between the water casing and the 
boiler, but the water was forced out of the casing into the 
boiler by means of 16 Ib. to 201b. steam pressure through 
another range of pipes and another donkey pump, these 
ipes also being underground excepting for the oe 
neces the floor and the boiler and pump. Attached to the 
feed pipe between this pump and boiler was another 


sed | Australia and Europe. 


branch pipe, 1} in. in diameter, passing along the side of the 
boiler to some part of the works, and, lastly, there was a pipe 
about # in. in diameter fixed on the top ths seule lending 


in another direction. With the above facts before them, 
I leave me readers to ju for themselves whether or 
not the tests as detailed by . Baldwin can be considered 


satisfactory. 
Iam, Sir, yours respectfully, 
: Nicnonas Evans. 
Boiler Insurance Company, Limited, 67, King-street, 
chester. 








ACCIDENTS IN PRUSSIAN AND ENGLISH 
MINES. 


_ SINcE 1869, all accidents in mines involving loss of life 
in Prussia have. to be entered by the mining authorities on 
ag forms, which are sent in at the end of the year to 
the Statistical Office at Berlin. Here the materials are 
worked into a summary, containing the respective occupa- 
tions of those killed, Gassi the accidents according to 
their severity, and grouping them in acco’ ce with their 
causes. The summaries for 1874 and 1875 show that in the 
former year, 589, and in 1875, 578 persons lost their lives in 
Prussian mines, of which 572 and 573 respectively were 
overtaken by death while actually at work. Of the latter 
number the following were killed in— 
1874. 1875. 


Coal mines ane aan ons 

Brown-coal mines 36 42 
Ore mines ove ack ose oo «= 82 
Other mineral-producing occupations 16 11 


To judge correctly the importance of those figures it is 
necessary to know the number of persons employed in each 
branch, which 2° the present time are known only for 
the year 1874. that year, the average number employed 
in coal mines was 161 ; in brown-coal mines, 18,645 ; in 
ore mines, 58,822 ; and in other mineral-producing branches, 
872 persons. Thus the number of killed in 1874, per 
thousand, was 2.99 in coal mines, 1.93 in brown mines, 
0.61 in ore mines, and 1.83 in other mineral-producing 
occupations. 

It is not uninteresting to compare the fi of the loss 
of life in Prussian mines with that in lish mines, on 
which the reports of the inspectors of mines give yearly 
full information. Unfortunately, the comparison between 
the English and Prussian reports is only of a very restricted 
nature. In the English reports, the grouping observed is 
not the same as in the Prussian statistics ; coal, ironstone, 
clay, and coal-slate mines, in accordance with the Coal 
Mines Regulation Act, being combined in one group ; the 
other group, of still greater importance, and comprising, 
besides iron, | and tin mining, being subject to the 
Metalliferous Mines Regulation Act. In the 4501 mines 
affected by the first-named Act, 1056 persons lost their 
lives in 1874 and 1244 in 1875, while in the mines re 
by the Metalliferous Mines Act, 108 ons were killed in 
1874, and 119 in 1875. The number of persons — in 
coal, ironstone, clay, and coal-slate mines was y in 
1874, and 535,845 in 1875, and in the remaining mines 
56,361 in 1874, and 58,073 in 1875. Of 1000 persons em- 
ry in the first group of mining operations, therefore, 

.96 were killed in 1874, and 2.32 in 1875, while in the 
sag group 1.83 in 1874, and 2.05 in 1875, lost their 
ives. 

In the English mines under the operation of the Coal 
Mines Regulation Act, 140,713,832 tons were raised in 1874 
and 147,700,313 tons in 1875, so that there was one person 
killed in 1874 to every 183,251 tons (2,665,020 Prussian 
ewt.) of coals raised, and in 1875 to every 118,780 tons 
2,374,600 cwt.). In Prussia, however, one person was 
killed for every 1,319,780 cwt. raised, of the value of 
34,8561. from coal mines; 4,842,583 cwt., of the value of 
43,7051., fronr brown-coal mines 3 1,952,086 ewt., of the 
value of 81,572/., from ore mines ; and 285,766 cwt., of the 
value of 6245l., in other mineral-producing pursuits. 





Russtan MetauturGy.—The production of iron in 
Russia, is now estimated at 320,000 tons annually, 





Frencu Rartways.—It appears that in twelve months 
ending June 30, 1876, there were 4414 miles of new railway 
opened in France. e aggregate extent of iine in opera- 
= in Erance at the close of June, 1876, was 12,5693 


AusTRALIAN TELEGRAPHY.—The Victorian cabinet has 
had under consideration a written statement submitted by 
Captain Audley Coote to the Victorian Postmaster-General 
respecting the duplication of cable communication between 
Captain Coote, who represents the 
Indo-Australian Telegraph Company and Messrs. Siemens 
Brothers, submits six distinct pro is, three of which are 
from Queensland, and three from Western Australia. The 

eensland proposals yy we a second cable are: 1. 
rom ig mame vid Batavia, i gee mk . tgp 
serim urrachee, requiring a su oO! \ 
annum, 2. From Normantown, vid hl and we 
baya to Singapore, Tenasserim, and Kurrachee, subsid 
55,0001. per anuum. 3. From Normantown, vid Timor rom 
Sourabaya to Singapore, Penang, Tenasserim, and Kur- 
rachee, subsidy 55,0001. per annum. By the line from Singa- 
re to Tenasserim direct communication with India, China, 
ngland, and American would be obtained by an entirel, 
distinct route. The Western Australian proposals are : 4 
By cable from Exmouth Gulf, North-west Cape (W.A.) to 
Benjoewangie, thence vid Batavia, Singapore, Tenasserim, 
and Kurrachee, subsidy 30,0001. per annum 2. From 
Exmouth Gulf to Anjer or Batavia, thence to Singapore, 





Tenasserim, and Kurrachee, subsidy 35,0001. annua, 
3. By cable from Perth to Ceylon, thence to Kurrachee, 
terminal station of the Indo-European lines in India, subsidy 
55,000 per annum, 
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AMERICAN PLANING MACHINES. 
To THe Eprror or ENGINEERING. 

S1n,—Referring to your articles in ENGINEERING, see 

s 3 and 23 om —— American practice in 
a. laning machines, we say: 

14 That ire dozen years past we Eve been making our 
larger machines, say, those that pane 3} ft. square -—s 
those that plane 10 ft. square, either to lie across the ne 
shafting of the shop, or by the use of bevel wheels, to lie 
parallel to it; we take a An for them either way at the 
same prices. 






































2. Regarding the spring of cross-shafts of planers, we 
beg to enclose a sketch showing our rack wheels, and from 
it you can see that the spring is entirely avoided by the 
long hub bearing; the shaft on which the rack wheel re- 
volves is secured to the bedplate, and has in it an oil 
cellar to lubricate the wheel, which is in reality an idler. 

3. We use an angle of 45 deg. on the side of our V's, 
so as to better resist the sidewise pressure of very heavy 
cuts on powerfully geared planers. 

4. Our experience is entirely in favour of very high belt 
speed on the driving pulleys. 

aun yours, 


. AND A. Betts. 
Wilmington, Del., August 18, 1876. 


SIGNALLING AT SEA* 
By Str WILLIAM THOMSON. 

Str WILLIAM THomson said that, in a lecture which he 
recently gave before the Glasgow Science Lectures Asso- 
ciation, he led attention to the want of an improved 
method of communicating from ship to ship atsea. The 
system of flag signalling was very complete, and in many 
respects very satisfactory, therefore his remarks would be 

enerally applicable to fog signals, and he believed it might 
Bo found so convenient as to be preferable even to flags in 
daylight. He, however, only that his system should 
have atrial. It was simply this—to signal according to 
the Morse telegraphic code by means of two sounds of 
slightly different pitch. For the long signals he would take 
a grave note, and for theshort signalaless grave note, 
or what he might call an acute and a grave note for the dot 
and the dash. Sir William Thomson then gave several 
signals to show the efficacy of the plan he proposed, and he 
maintained that the shortness of the time required to make 
such signals was far less than could be attained by the 

honetic method. Long before the signal flag could be 
Poisted, the order would be given and read by every ship, 
and repeated by the different ships in order, back to the 
admi How very valuable such a system of naval 
signalling would be was illustrated by the recent accident 
in Besika Bay, where, when the order was given to port six 
points, two of the ships either did not understand the signal, 
or through some unexplained cause altered the course to 
starboard, and thus came across the bows of another ship of 
the fleet. As non-professional men he did not believe that 
his auditors could see how the officers of that ship could be 
blamed, for as two of them misunderstood the signal, that 
showed that there was cither something wrong with the 
signal itself or with the system. He was gind to know 
that naval men admitted that there was a want of improve- 
ment, and that they were ready and thankful to adopt any 
su tions that might tend to lead to an improvement. 
Indeed, such he knew was the spirit of the Admiralty in 
the matter. 
strong desire to improve in this matter on the other side of 
the Atlantic. He had occasion, in the course of his duties 
as judge in the Philadelphia Exhibition, to examine steam 
syrens to be used for fog signals. Professor Henry, the 
chief of the Lighthouse Department of the United States, 
was present, and on the lecturer making known to him the 
suggestion he had made and published, Professor Henry 
admitted it was new to him, but he immediately perceived 
that it would lead to some benefit to the public service. He 
therefore telegraphed to the maker of the syrens, and on 
his arrival gave him instructions to make an instrument so 
as to give the new system a chance ; and he (Sir William) had 
just received a letter stating that the instrument was nearly 
ready for trial. All the experiments that had been made 
conspired to prove that the syren was mueh superior to 
any other instrument hitherto invented ,or the purpose of 
signalling by sound at sea; and its sound, carried under 
certain circumstances further than the sound of a gun, 
could be more thoroughly trusted, and was less expensive. 
The syren had the great advan of making with perfect 
sureness, one or other of two different accurately-specified 
notes; but for the kind of signals he now proposed no 
minute accuracy was n ; simply that two sounds 
made in succession were not liable to be confounded one 
with the other. That was all that was necessary. Sir 
William further remarked that in the system of long and 
short blasts there wasa danger, through circumstances 

* Abstract of paper communicated to the Mechanical 
Section of the British Association, Glasgow meeting. 





He was also glad to say that there was a very | @ 
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over which no one could have any control, as the sound 
was liable to be prolonged, and one sound drawled out into 
another. On the other hand no such confusion could exist 
with the grave and acute signals. To accomplish that all 
that was uired was, that there should be two steam 
whistles, Po with a different note ; and if that were tried 
he ventured to say that it would be adopted. Sir William 
Thomson afterwards referred to the American steam 
syren, remarking that though it was a thoroughly effective 
instrument, it had two defects, which could be very easily 
removed. The first of these was, that the pitch gradually 
fell in the course of a long blast, through the steam being 
partially exhausted. Now, whether the engine went slower 
when the steam pressure was diminished or not, the shaft 
carrying the dise of the syren should not be slower. That, 
however, could be easily arranged without any appreciable 
addition to the expense of the instrument. Another serious 
defect was that, owing to having no end bearings, it 
required a great deal too much power to drive it. The 

iso-carrying shaft oughtjto be so mounted that a very small 
expenditure of energy would suffice to keep it in motion. 
The lecturer suggested that a third disc should be placed 
on the shaft of the syren, and thatjthat third disc should be 
the note of the ship. When there were four ships in a squa- 
dron, the four notes of the common chord might be assi 
to the four ships, and a om blast of that note would tell 
every ear in the fleet which ship was signalled. Even a 
squadron consisting of eight ships would not be too much to 
use the signal, and the men would in a moment know from 
the pitch of the sound what ship was si ed. 

¢ Chairman asked Sir William Thomson whether he 

would not have a large interval between the notes, such as 
an octave. 

Sir William Thomson said he preferred the interval of a 
major tone at the most. When the two notes followed each 
other with rapid succession, there never could be the 
slightest hesitation in distinguishing between the notes. 
Indeed, it would be much easier than if the notes had been 
an octave or a fifth. 

Mr. J. R. Wigham, Dublin, said he felt thankful to 
Sir William Thomson for the practical way in which he 
had brought forward this proposal. He devoted con- 
siderable attention to that matter, and he had made ex- 

iments in connexion with the Commissioners on Irish 
ights, and he would s tto Sir William that, in the 
further investigation of that subject, he should take into 
consideration whether t was no in certain con- 
ditions of the atmosphere when the notes which he — 
to use were inaudible. In the experiments which the Com- 
missioners on Irish Lights had , when they had adhered 





to one note, they were more satisfactory than when they 
attempted at a considerable distance to use the two. His 
remarks had reference to long ranges, but he understood 
that Sir William Thomson’s proposal had special reference 
to signals from ships in comparatively near neighbourhood 
to each other ; and for purposes of that kind, nothing was 
more delightful to a person interested in such things than 
the plan he had adopted. Mr. Wigham mentioned that 
one of the foremen in the Trinity House, under the charge 
of Mr. Douglas, had made an improvement on the syrens, 
in which there was a cylinder in which perforations were 
made, and inside of this one another cylinder revolved and 
regulated the admission of steam or compressed air, and 
which made the speed of the syren very equal. With re- 
gard to the use of the syren on ship, he had supplied 
one to the Admiralty, and the system upon which it was 
constru was to have an easy means of rotation. The 
wheel system was found to be even too much for the naval 
authorities, and they desired to have a means of sounding 
the warnings quickly. 

Sir William Thomson expressed his gratification at the 
remarks of Mr. Wigham ; and in answer to his question, if 
he thought at what distance the two notes would be audible, 
said he believed that experiment would prove that the two 
notes could be distinguished as far off as the ear could hear. 
He remarked that the noise made by the steam whistle and 
the syren was i 3; and, moreover, a very long 
sound was not so easily heard as the difference between 
silence and a short note. A short blast every ten seconds 
would be far more effectual as a fog signal than a long 
blast every twenty seconds and a short time of silence. 

e Chairman expressed his concurrence with Sir Wil- 
lism Thomson as to the difference between the two notes, 
as he considered that a single note of difference would be 
more audible than two notes of an octave difference. 


Tue Untrep Srates Navy.—A naval appropriation bill 
passed in the last session of the United States Congress 
provides for a reduction of 1000 men in the enlisted force of 
the navy, the number being now fixed at 7500, instead of 
8500 as hitherto. In order to carry out this reduction, it 
is proposed to put some of the larger vessels out of commis- 
sion, and to supply their places with smaller ones. The 

change in pursuance of this policy will be in the —_ 
of the European station, the Franklin having been o: 
home. Her place will be supplied by the Trenton, one of a 
new class of sloops now being prepared for sea at New York. 
The Franklin carries 39 guns, while the Trenton only 


carries 11 . The eight new sloops recently built are 
all cugeltel ett compound engines. 
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THE MISSISSIPPI RIVER IMPROVEMENTS.* 


By E. L. CorTHett, Chief Assistant Engineer, South 
Pass Jetty Works. 
Iw the discussion of this subject, it may be of interest to 
state that just one year ago, work was commenced on 
the South Pass jetties. The contractor, James Andrews, 


of Alleghany City, Pa., arrived the day before with a stern- 
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the success of the enterprise, it is not 
you with a discussion of theories, but I 
after a brief explanation of the work to be 
what facts I have. 





average flood tide, you can judge from the facts to be 


salt Za doubted by some whother the material compos 

‘ i ent 
solidity lowguhaceens of the requlsive weight und strength 
to resist the servitudes of storm waves, and river currents. 
The f Table will give a better idea of the character 
jetty tion than any 


description. 
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wheel steamboat, a pile driver, anda few workmen. They 
landed among the reeds, and broke down the tall grass 
along the banks to find a place for their anchor in the soft 
mud. There was no house, but the lighthouse, within 
several miles, and with swarms of mosquitoes and sand-flies 
and the oppressive heat, the commencement of the work 
was anything but auspicious. On June 15th, the first 
pile was driven for the wharf at Land’s End, and the work 
of preparation and of actual construction went forward 


i roe ; 
t is my privilege to give you the results that have been 


reached in the twelve months intervening between that da; 
and this. I am glad to find, by personal conversation wit 
members, that there is a very great interest in this work, 


and as the generally exp wish is for facts,J will con- 
fine myself to them entirely, and leave the question with 
you, as to whether they are favourable or otherwise to the 
ultimate success of the jetties. Having been the engineer 
in charge, my peculiar work has 9 ate into contact 
with facts and actual conditions, and t —_. of 
the work, with the consequent arduous and office 
duties, have given me but little time to analyse or theorise 
asi = hb aoly. enies my notice. 

_ Considering the fact that this uestion of jetty construc- 
tion, as applied to the mouth of the Mississippi, has been 





* Read bef . . = : 
- an’ we American Society of Civil Engineers, 














The Mississippi river, when within about 12 miles of the 
Gulf, separates into three rivers or passes, and thus forms 
the Delta. The three passes are A’ Loutre, South, and South- 
West. The South pass is the smallest of the three, though 


the central one. The volume of water carried to the 
through it, is but 12 per cent. of the whole volume of the 
river. South-West pass carries about 58 per cent., and pass 
A’Loutre, with the smaller passes flowing out of it, carries 
the remainder. 

A "= pd ane ie aa of each of | three 
passes, the depth of water on each varying gen in pro- 
| portion to the volume carried to the Gulf over it. This bar 
is composed entirely of sedimentary matter brought down 
by the river. The water issuing from the , no longer 
confined by banks, spreads out on either si The velocity 
diminishes, the sediment drops, the bar forms. The central 
thread of the current being the strongest, and the water 
being the deepest there, the ny | 1s preserved and the 
sediment ied out much further in the shoal water 
over the submerged new banks of the pass. The outer 
crest of the bar is thus thrown out 2} miles from the land’s 
end at the South pass, and 5 miles at the South-West pass. 
The depth on the bar at the former pass is 7} feet at mean 
low tide, and at the latter pass, 15 feet. The principle to be 
applied to deepen the channel through the bar was a con- 
centration of the volume by means of pa 1 jetties or 
a. Whether its application will be 
the required -depth, viz, from 20 to 








TABLE I.—Sho Character of Foundation of Jetties 
yeti, Merge of Pile Driving. 
. Distances in Table are 
le; piles 10 in. at small end and 


Piles from 8 ft. to 20 ft. a 
from Land’s End, east si 




















14 in. at large end. 
se lagis_| Bb 
ri 2 a 
Location of Piles. 2 
BR | Fs |< <§ 
ty e00 fie to 5,800 tt 20 Pail coed Toy 
m 4, s Lien 
eee OD kioo me 3000 | 15.5 |44.0| 16,7 
o» Ooi ” , » .| 3000 | 18.6 (98.0) 17.4 
” 11,900 3, 12,1003, :..| 3000 | 19.0 |45.0| 28.2 
West Jetty: 
Whole length of same ... 3000 | 19.5 |79.7| 19.5 





Analysis of number of blows for different depths on west 
jetty ; approximate— 
Number of blows La 5 ft. driven, 4, or ¥ in. per blow 


” ” ” ” 


” J ” 20 ” 2.7 ” 
” ”” 35.7 ’ 1.3 ” 
Average distance driven at last blow £in 


It will be seen from Table I. that at about 9300 ft. on the - 
east jetty, the material is much harder than elsewhere, 
the detailed record of the pile driving on the west jetty 
shows the same material to exist there, at the same distance. 
he channel on the line of this hard material resisted much 
lo than that of any other locality the excavating power 


Of The following Table ill trates th i i 
e follow ‘able illustra’ ep ve 
towards the outer bar. The contours rm ok to Nee omy. | 
average flood tide as established by Major C. B. Comstock, 
who is ins r of the work for the United States Govern- 
ment. The distances in all the Tables are from a common 
zero point at Land’s End at the commencement of the east 
jetty, from a tri tion station named East Point 
established by Mr. Marindan, of the United States Coast 
Survey, whose charts, from a survey terminating in 
pw 1875, are the basis on which our location was made, 
and which we still use for com tive pu e 

No record of the 22 ft. and 24 ft. contours was made 
prior to March 29, 1876. 




















TaBLez II.—Record of Distances in Feet through the Bar 
between the Contour Lines.* 
{ 
Which May} Dec. | Jan. | Feb, _ —_ April, May cal 
Contour.!1875| 1875. | 1876, | 1876. | 1876. | 1876, | 1876, |1876) 1876, 
ft. | 
12 4805 2635 | 750 0 0 0 0; of o 
15 |5925 4400 | 4175 | 2175 | 450] 50 0 0 
18 |7000 5692 | 4480 | 8960 | 2575 | 1180 | 750| 175} 0 
20 19635 6215 | 5425 | 4490 | 3255 | 2955 | 2200 | 720| 75 
22 | 1. | soe | coe | ove | oe | 6270 | 8996 |1952] 1850 
4 : ws 7600 | 6976 8120) 2750 























These distances embrace all portions of the bar that rise 
above the contours between the 35 ft. depth at Land’s End 
and the d water outside the bar. The progressive 
sore be ee Sect 9 Gace 
wi e@ progress ly @ ear! 
dates. The surveys from which this and Tables foll 
a Nap - made = the a ae peer | — 
with no spared surveys accura’ 
othe deopent oy has bebe affented tay the operation of th 
on e 

river current a by the tides, although the latter in this 
— of the Gulf are diurnal and feeble, having an 

ion of 22 in. only, between mean low water and mean 
high water, yet at the season of highest and lowest tides 
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— and following Tables included results up to July 31, 
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power of the current is considerably ang- 


. and IV. show ive depths in the 

water. Te Wil be sokicel by an peamination 
there are i ities in the 

of whieh explain, shamectves. 

known 


is 
i rhe ay sah tee = 
on the previous page) wi 
ining the 2 of enlarging the 
the attempts of the concen- 
— yeume be —— ix channel — iar and a 
mes modic, a perate attempt to deepen the 
Seonet would result in a channel too deep for the necessities 
of the case ons wae ing place soon after, the 
depth would become less. It may be taken as a general 
fact that an unusual and e i deepening would 
result in a widening and a subsequent shoaling, and that 
a of the channel would indicate a euiee. 
= ‘The peculiar condition of the work also tend to produce 
ities ; for instance, when the dam conn the 
upper end of the west } with the shore was built, there 
was a head of water produced against it, extending to the 
east jetty, but diminishing as it approached the latter. 
This condition produced quickly a deep channel below the 
line of the dam, and the channel above the dam had a 
tendency to shoal —-: caused by the reduction of 
velocity which the head of water had produced. 
The deep channel immediately below the line of the dam 
“caused a aoe shoaling at a point about 500 ft. below 
the dam, as the velocity for the first 300 ft. was|too great 
be tained. A comparison of the bottom velocities 
above and below the dam, as ascertained immediately after 
its closure, will further illustrate the su The dam is 
located 4000 ft, from East Point, nearly at right 
les to the jetty lines, . Above 4000 ft. the velocity was 
2.2 ft. per second ; from 4000 ft. to 4500ft., 2.86 per second, 
and from 4500 ft, to 5000 ft. 2.31 per second. 


TasxE III.—Depths (comparative) in Line of Deepest 
Water, in Feet. 
we 


1875|1875 
31.8 37.0 |87. 

21,0/28,3 | 28. 

21.8 22.8 
18.8 22.5 
18.0/20.0 
18,022, 

18.0/23,3 
17.9 23.0 
16.0)19,8 
14,3188 
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A Width in Feet of Channel at a 
wey Established Cross Sections and 
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i the river and the amount of 
suspension, the cifference in the ma- 
@ bar at various places, the state of the 
1 and foree of the winds, the storms and 
resulting seas that rolled in against the current, the con- 
ditions of the works a and at the head of 
pecially—all conspi 
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construction has shown that the volume of water 

inne from tho pass will eventually recover the section it 

ly above. 
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ane Aisth in the columns denotes lees than 20 ft. deptirat 


date where it occurs. 





to | January 31, 1876 





TaBix V.—Comparative Areas of Section of South Pass. 





Location or SEcTION 


Plan of Reference. 


Apen Date of Survey. 








One mile below Head of Pass ... 


"Mean high water... 
of U.S. Coast Survey ... 


U.S. Coast Survey, May, 1875. 
Jetty éngineers, August 2, 1876. 





Mean high water 


3600 ft. above Bayou Grande ... 
of U. 


. Coast Survey .. 


U. 8. Coast 


, May, 1875. 
Jetty engineers, 


y 17, 1876. 





South Pass Light House : 
0 


Ave’ flood tide ... 
. 8. engineers 


U.S. Coast Survey, May 


5. 
Jetty engineers, July 30, 1876. 





5500 beyond Land’s End and between 
the jetties; present depth, maxi- 
mum 27 ft. ... rm nee he 





Average flood tide ... 
of U. S. engineers 


Jetty engineers, July 30, 1876, 











90 per cent. of its volume turned into the pass. It is 
reasonable to age that the section between Grand Bayou, 
and the sea end of the jetties will e until it is as 
la: as that above Grand Bayou, or an ultimate 
section of 25,000 square feet, it now being 15,000 square 
feet. (Reference is made to Table V. above). It is 
also reasonable to expect that the section between the 
jetties will finally be larger than the section above Grand 

jayou, as a larger volume will necessarily flow be- 
tween the jetties during the ebb of the tides than flows 
through the pass abov Grand Bayou, as the —- of the 
tide is greater and the slope steeper near the gulf than it is 
8 miles above. 

But the facts relative to final sections and volumes and 
velocities during the formative state of the channel through 
the bar and the reformative state of the pass between Grand 
Bayou and the mouth cannot be obtained at present. All 
the old natural conditions of the pass from its head to the 
Gulf, and far beyond the sea ends of the jetties have been 
disturbed by the construction of the latter and by the 
auxiliary works, ~ ey those at the head of the pass 
which are intended to deepen the shoal at that point. 
When the whole work is finished and the normal condition 
of the pass restored by time, there will be very many in- 
teresting and valuable facts which no doubt will be given 

ou. 
P A very important question and one that cannot be de- 
finitely determined by facts until the completion of the 
jetties, is that of an accelerated bar advance due to the 
construction of the jetties. All that we can state now, 
bearing on this question is, that although there has been a 

ushing ou of the a oe of the outer slope of the 
= due to three or more porary causes ; first, the im- 
possibility of constructing the whole line of jetties instan- 
taneously ; second, the amount of material excavated 


and carried out to sea; third, the closing of Grand Bayou 


and a new load of sediment given the water in addition to 
its already heavy burden; and fourth, the non-completion 
of sea on of the jetties to a point Sa gee by the Ad- 
visory Board of Engineers, who assisted Captain Eads in 
determining the plans for construction ; yet careful surveys 
and calculations show a deepening instead of a shoaling 
immediately in front of the sea ends of the jetties. The 
water prism extending seaward from the old crest of the 
bar, and covering an area of 52 acres, has in from 
2,000,000 cubic yards to 2,200,000 cubic yards, or, in other 
words, the ave: deepening over the whole area investi- 

ted is 2} ft. survey on which the calculations were 
Cool was made May 29th last. A survey by radial lines 
of soundings, extending five miles out from the jetties, made 
in May by Mr. H. L. Marindan of the United States Coast 
Survey, shows by comparison with the chart of the survey 
of May, 1875, made by him, that there has been an average 


deepening of the whole area ee : 
the cane of the bar removed during the first year of 
the work, without reference to amount moved in the channel 
as required by law, or, in other words, the total excavation, 
pe 3,000,000 cubic yards. The following Table shows 
the volume of the bar moved in reference to a channel 20 ft. 
— 200 ft. wide at that depth. 
¢ results are obtained by placing on the cross sections 
drawn on profile paper, a normal section as we find it in 
the pass above the jetties. This section has a centre depth 
of 2 ft. below the 20 ft. line and side slopes of 1 ft. vertical 
to 20 ft. horizontal. This normal section is made on tracing 
paper, oe pee over the cross sections and the area is 
hus obtained for the calculation, as to the volume to be 
moved to make a channel of the normal section as de- 

scribed. 


TaBLE VI.—Volwme in Cubic Yards of the Bar removed 
in Reference to a 20.ft. Channel. 





Volume to be 
Moved. 


1,037,635 
622,680 
524,909 
506,643 
499,715 
305,547 
256,655 48,882 
163,619 93, 

22,627 140, 


13,997 8, 
4,985 8, 


Date of Survey. _ Volume Moved. 





May, 1875... a 
December 25, 1875 ... 
January 27,1876... 


414,955 
97,771 
February 17, 1876 ... 13908 
March 4, 1876 = 195,168 
March 25, 1876 
April 25, 1876 
y 29, 1876 
June 30, 1876 
July 31, 1876 











A part of the material has fallen over the submerged 





jetties during their construction, or has been driven in by 
the waves from beyond the sea ends of the jetties and 
lodged on their sea slopes. 1,000,000 cubic yards, at least, 
have piled themselves up — the sea side of the jetties, 
an enduring and solid bulwark against the storms. The 
vemeibder tas gone far to the westward no doubt carried 
there by the prevailing westward coastwise current. 

The so called “littoral current,” is a current generall 
existing and has a westward course. Whether it is caus 
principally by the seme north-east winds or by a more 
constant and stronger influence, is somewhat doubtful. 
We have strong evidence from an examination of the general 
formation of the coast of Louisiana and Texas, from the 
eastward bend of the lower river towards that direction, by 
the excess of accumulation of sediment and consequent 
shore formation westward, from the general opinion of long- 
shoremen and pilots and from our own observations, that 
there is a distinct and constant and deep moving westward 
littoral or coastwise current, strong enough to remove far 
from the mouth of our new channel the sediment carried out 
by the river, and which will postpone for a century or two 
the reformation of the bar. 

In regard to action of Gulf storms upon the work, I will 
state that during a severe storm on March 5th, which con- 
tinued several days, a few mattresses on the sea end of the 
west jetty were destroyed, but the work had not been 
consolidated nor sufficently covered ‘with stone. The plan 
of final construction provides for jetty heads of enormous 
base, easy slopes, and a oneine ¢ heavy stone. From the 
experience had, we have no doubt of the ultimate stability 
of all of the work, both in reference to the Gulf storms 
and the river currents. 

The facts given and the Tables and accom ing sections 
are the result of careful surveys and faithful office work. 
Extended and often repeated surveys have been needed to 
inform us of the progress of the works and the results they 
are a accomplishing, and often so rapidly that our 
surveys could not keep pace with them. 

The paper under discussion gives us the central fact, 
which oy the success of the jetties, that the dee 
water of the pass follows close behind the bar in its seawa' 
march. Examine the Tables presented and you will see that 
this fact is clearly and forcibly illustrated. It may be said, 
truthfully, that twelve months of work and its accom- 
panying results have proved every theory advanced and 
every prophecy made in that paper. It and this account— 
one presented at the commencement, the other, one year 
after the beginning of the work—are substantially the same, 
the latter being simply illustrative of the other. 

Note.—There was 21 ft. of water through South Pass bar 
August 15, 1876. 


PROPOSITIONS ON THE DIRECT MOTION 
OF STEAM VESSELS.* 
By Resert MAnsEL. 
ON POWER DEVELOPMENT. 

THE object of this paper is to illustrate the application of 
certain ae to the experimental trials of steam 
vessels. These propositions are advanced as steps towards 
the ee of a practical theory, and the subject is 
approached, by presenting the data obtained from actual 
experiment, in a form to indicate the mathematical expres- 
sion of the law by which the particular data seems to be 
governei. The propositions are the statement of these ex- 

r laws, in this way exhibited and tested within the 
its of experience. 
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corresponding piston pressures, defined as:—P the mean 
diagram pressure, in pounds on the square inch, on the high 
pressure piston, added tor times p, the like pressure on 
the low pressure piston, The variable data thus obtained, 

in one ex ent, are :—Speed of the vessel, piston pres- 
sure, we of revolutions : denote these by V (P + rp) 
and N respectively. 

From experimental trials of a given vessel (to fix ideas, 
say, at four different speeds), these data being obtained, are 
treated as follows :—Draw a horizontal straight line O a, as 
axis, and from O as origin, with a convenient scale mark 
off abscissas 1, 2, 3, 4, representing the speeds of the vessel : 
through these ‘draw vertical lines extending on each side of 
the axis 

On the vertical lines above the avis, mark off as ordinates 
the values of the logarithms of the piston pressures ; a 
straight line, A B 5 oe ed the piston pressure line), will pass 
through these 

Proposition I. "Smairtetentas Law of the Presswres.— 
A steam vessel being tried at various{speeds, these being 
taken as abscissas, the logarithms of the piston pressures, 
taken as 0 tes, range in a straight line. 

On; the vertical lines, below the avis, mark off as ordi- 
nates the values of the jogarithms of the number of revolu- 
tions, pe minute, of the propeller ; (2) from the lower end 
of each of these ordinates measure upwards a point at the 
distance corresponding to the logarithm of the speed of the 
vessel ; a straight liner CD (called the revolution ratio line) 
will pass through these last found points. 

Proposition II. Experimental Law of the Revolutions.— 
A steam vessel being tried at various speeds, these being 
taken as abscissas, the logarithms of the number of revolu- 
tions of the propeller, anon as ordinates, define a curve line 

aeeans. the property. 9a ordinate is made up of the 
omer hm of the corresponding abscissa, added to the 
= of a definite straight line. 

The ordinates of the piston pressure and revolution lines, 
taken together, represent the To 
of power which, in one minute, under the same circumstances 
of piston pressure and revolutions, would be developed by a 
unit ¢ , having the area of its high ase piston, and 
its stroke, one square inch and one-half foot respectively. 

Now, . d? x 2s being the number of times this unit 
ome is contained in the engine of the vessel, if the loga- 
rithm of this quantity be supposed added to the u per end 
of an ordinate of the piston pressure line, and we then sub- 
tract the logarithm of 33,000, the divisor of the _ so 
tional horse power unit, the remainder, denoted by log. 
measured from the revolution line, would be the fogartn 
of the gross indicated horse - dg developed by the 
engine at the correspondin of vessel. ence, 
<— 8 ht line E F (called the pa power line), drawn 

i. the piston pressure line at the ordinate distance 


5 is the subject matter of— 





ny 
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Proposition IIT. Experimental Law of the Power.— 
A steam vessel being tried at various » these being 
taken as abcissas, if, on the opposite sides of. the axis, the 
logarithms of the piston pressure and number of revolutions 
are laid off as ordinates, respectively, an ordinate from the 
revolution curve, to a straight line drawn parallel to the 
piston pressure line, at a distance depending on the dimen- 
sions of the high pressure cylinder, represents the logarithm 
of the gross power developed ; and (2) in value, is equal to 
the logarithm of the correspon speed, added to the sum 
of the ordinates of ,the two straight of Propositions I. 
and II., together with the constant quantity log. aa 

Analytical Statement.—A straight line being completely 
defined by the value of the tangent of the angle of its in- 
clination to the axis and the ordinate at the origin: these 
quantities for the straight lines of Propositions I. and IL., 
being denoted by a, 8, log. f, and log. no, respectively. 
— as equations, -opositions I., I., and III. take the 
orm 
Proposition I.—Log. (P+r p)=a V +log. f. 

—Log. N=log. V+ 8 V+log. n, 
Ii. —Log. a log. V+(«@+) Vlog. fNo+ 
Ra 


0) ——— 
108: 5010 

These explicit values of three most important elements 
are thus, for any assumed value of V, stated in terms of 
two unknown angular functions, « and B, and the two 
lines, log. f and log. no. 

The next i inquiry is as to the significance of the two 
latter quantities. In a set of experiments on the same 
vessel, under similar conditions, f is a constant deduction 
from the end pressures, and, compared with them, re- 


%? 
” 


— a rtion taken up in friction of and working 
is quantity seems to bein entire — 

with “* ‘Lave of the Constancy of Moving Friction.’ 

In the mnothod proposed, the determination of Fo value, so 


~~ as it influences the line A B, is as simple as could well 
be imagined ; the true value of this quantity in an inquiry 
as to the friction of the engines will, in most cases, be 
something quite different ; the explanation of which seems 
to be as follows. Masses of air put in motion by the upper 
works of the vessel, or masses checked in motion 
by those upper works, introduce into the question an 
amount of power op to, or auxiliary to, that developed 
Lt engine, of which the diagram gives no account, and 
ich pve oh rn only be determined by careful eo ap ees under 
ea ee a ere cress of Reng ys 
uence entire lem, on the quanti the 
S is marked se pre : a 
to the revolution curve and the 
revelation sutio Kas t frving to the revolati any point, the 
distance from the axis to the ratioline being the tales of log. 
7? this represents the number of revolutions, per minute, 


for each mile of s a ee At the origin this 
number n., multiplied by H, would be exactly the propor- 


garithm of the foot-pounds xz 


tion of one mile per hour described in one nieuie 
101.8ft., no motion existed in the water in which 
propeller acted. Now, Poncelet has shown, in the 
dred wot motion of the vessel le current 
of displaced water wend t is also well 
known, the direct fricti drag on the surface genera 
eyed current flowing in the direction of the motion of 
the ship principally in the line of the wake. It depends 
spon the nature and position of the ya pallor the 
Snupoediion of these currents upon th + soe 
pes to, but if we represent this ratio of retrograde 
action of the propeller to the unit of the vessel’s advance 


by the letter c, we have the relation ”o (a) 


This quantity c (called the current coefficient) will be seen 
to haveasingular importance in this investigation, and, fortu- 
nately, it can be ma me with much simplicity. On the 

» from the lower end {of nj, measure downwards, 
the value of log. H, from the lowest, point of which measure 

















the origin O is me omy - ¢. e 
we usually find c ha me fi rey oe a 
consequently, falls beboer the origin’; with twin screws it sills 
near the origin ; of Sie wheel vessels, the floats 
being immérsed in t current, c is less than 
unity, and log. c falls, above the origin. 
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Indicating the position of log. c on the diagram, the entire 
figure thus drawn, consisting of the axis, the various straight 
lines, and revolution curve, constitute together what ma 
be called the | mh napant oi goer diagram of the given vesel 
giving, as it clear and practically accurate rep’ 
sentation of the prominent elements of the dovelaned 
power. 

ON POWER EXPENDITURE. 

We have now ie consider the question of power expendi- 
ture, founding and limiting upon the princi feof mechanics, 
which asserts : weed is ves definite and induetructtbie exis- 
benees pele nen fo of change in accordance with more or less 

ws of equivalence, but admitting of no notion 
Sther of creation or extinction, by human or any 
agency. 

In a steam vessel under consideration, the gross indicated | 44. 
horse power E, developed by its compound engine, in terms 
of the constituent = and combining both diagrams, 
can be expressed th 


a sin » MPs) 


After deducting the wae absorbed in moving friction, the 


residue deno’ ite 
aor N@+r ef. 


ow this latter power E, is expended in fluid te 

ty the hull and by the oa The Laces on 
the hull we denote by Ep , ci te “es 
effective power : its relation my the whole a Ty is in the 
ratio of the speed of the vessel to the retrograde speed of 
the propeller.. In —. we write 

: E, ::1013V:NHc# 

Resolving this for E. », on substituting for E, the foregoing | re 
value we have, 


y= 





_ § dts ase c 
Ev = {ao oH (P+rp AD}; 3 or (a) above. 
oe d*s- 
oy to (P+rp- fv}. os 


In the next place, referring to a development diagram, 
and defining effective pressure to mean the quantity 
(P+rp—f), no explanation seems necessary, beyond the 
statement of— 

Proposition IV. Experimental Law of the Effective 
Pressure.—A steam vessel being by at various 
these being taken as abscissas, if from the revo tion 
curve we measure w the logarithms 0 of the effective 

ressures, these range in a straight 
. statement of this line, GH (called the 
effective ‘line), denoting the t of its angle of 
inclination, and the ordinate at the origin by ¥ and log. 1, 
? is— 


* of a applying this s seianiale, 


of omitting c, the current 
this analogy—a most insufficient view ‘of 





the mistake is invariably 
coefficient, in the term 
the matter.— 


tes | nate distance, le. ( 


upward the value of log. 101.3; the gprs of this a from. 


—<—$_=_$_$_=_$_==——————— 
Proposition IV.—Log. (P+ rp—f)=log. V + (@+Y) 
V +log. *. Parallel to the straight line GH of Pro- 
position IV, if a straight line, JK, be drawn at the ordi- 
fi ha int, th i 
3010 at any poin' e entire 
ordinate to this lize, from’ the revolution curve, denoted 
by log. B, is proportional to the resistances to ti the motion 
the vessel ; the line J Kvis hence named the. res 
line. To prove this we have only-.to.add..to ate 
of this line the value of log: V, ‘the-entire ordinate, fromthe 
revolution line for this new point, is — log. am > 
@ +r p~—J) V, which has ‘been shown to be value of 
og. Ev : other points determined in the-same-way.give the 
setae of the curve L M, which is co: the puatiel 
representation of’ the ¢ logarithms of ective 
placed in ion to the straight Ting 
E F, representing the Ptogatithas of the gross power. 
} by 


_ If wedenote the quantity u log. i? +log. ox soi of 





juen' 


the symbol lo; we ma: 
tog. R= =log. V ene 
By log. V to eac pad 
. Ee = 21 +Y) WW-+ log- Mo. 
Which inthe exponenti Aes 
o =m, V2 1B +7) V v (B) 
e diagram, will 


uantity log. ire referring to th 
Gog os to represent the distance between the lower 

- m and the resistence-line.on the ordinate 
through the origin, and is determined’ as follows : 
measure from the origin, vertically, twice the value of 
0 c, from the end of which lay off the value of log. 


, the distance of the end of this line from. the lower 


ne ‘of 


21,010 010° 

end of +» is equal to, and similarly placed, to the 
distance of the resistance line from the effective 

line, The resistance line being determined, the 


the lower end of log. n, is known, and is equal to ‘he 
value of log. mo. 
iscussion of the “ Admiralty” meemael ei uae first 
successful efforts at steamshii ving led to 
the consideration and attemp Saintions "of -the -re- 
lation between the power expended and the results ob- 


, it seems probable an application 3 the mechanical 
inciples long previously em ra had ag Smeaton, in 
e ental inquiries, may the well-known 


formula, sometimes termed the eadmeelio Formula,’’ and 
written under some such form— 
3 V'=E. 

V and E having the same meaning as heretofore, M repre- 
sents the immerged midship area in square feet, and C a co- 
efficient, whose explicit e, when the other elements are 
known, is taken as the comparative measure of efficiency, 
under varying conditions, in the same vessel, and also in 
different vessels. 

Serious yay have been urged against this formula : 
it is true, the coefficients obtained in many cases do not 
seem consistent, and what is more perplexing, i in 
ments on the same vessel, where fewer conflicting clements 
exist, the coefficients vary, often in an e 
degree. This being understood, in the a ee mad ¢ problem 
of speed prediction acer pe values, derived from experi- 
ence, have to be assi nstead of a direct application of 

principles. otwithstanding, this old formula is 
founded upon a measure of truth, which warrants its being 
defended against more pretentious theories which haye been 
advanced to meet the difficulties ee Nineteen 
ears ago, writing from this point of view, 1 argued against 
the i ema ees A of czpecting correct results from a formula 
saepety “‘eheg aecle mahal cies thlaythe pee 
accuracy esirable ec is, the 
course was correction for ignored and sulavopednetiied 
elements ; quite the opposite of the usual one, of launching 
into a sea of vague speculation in search of something 
rofo 
: Referring to the Admiralty equation, briefly, I assert : 
the ship and constants are .represented in this y the first 


term a of the first member, and this member has no 


significance other than the effective work done on the hull, 
It ought not, therefcre, to be equated to E the gross 
ee power, unless we add two terms, denoting the 
a and propeller expenditure, say, wy and ws 
y: 
If we wish to make the quantity © V* stand alone, we 


must perform an equivalent teutiion on the second member, 
which means cu down the rent power E to the effec- 


tive power Ev, we have, either 
Mes wy +s = E; or, 5 V°= Ee. 
Tokivg the latter case, on referring to the two values of 


Ee, which have been demonstrated ; putting one 
from (E ) for the first member, and the one Y trom (A) for the 
second. The Admiralty equation then takes the form 


moV210 B+NV . { Pt mo wrrp—fv. } 


21,010 c? 
This equation will be seen to be the mere expression of 
the sone | 


arrived at, first, by actual: 


experiment ; 
secondly, by the a — of known pion nae tin principle ples, 
2 agreem 
ne pene statement of 
of the same vessel 


Bese: Free Par tied ugh Spparently 


which are thus s fo, be 

Pg ve a a sped. tral 
successive 

wate the same circum 
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DENILIQUIN AND Moana RaILwaY.—This Victorian 
line has just been opened for traffic. The line which connects 
a a town 45 miles on the New South Wales side | 
of the Murray, with the Victorian Railway system, was 





about half a mile beyond the station, and crosses 
the Murray by a temporary bridge, which is to be be used until 
what is known as the Main Murray, Bridge (now in proces 
of construction) has been completed 


antes’ for 135,000l., including rolling stock, or about | Railway, 


26001. per. mile. The Victorian gauge of 5 ft. 3 in., has 
been adopted in preference to the New South Wales gauge 
of 4 ft. 8} in. The line branches off from the Echuca 

















or 15, IO) 


ENGINEERING. 





str 








THE EXHIBITION OF SCIENTIFIC 
APPARATUS. 
Puysics (Sounpb). 


Tuts section of general physics is not, on the 
whole, so well represented as the twin subjects of 
light and heat; nor would it be fair to expect 
equality either in the number or variety of exhibited 
instruments. Sound is comparatively a subject of 
recent growth ; its laws and principles are the dis- 
coveries of our own times, its highest authorities 
are men of our own generation. Moreover, its 
sphere is less extensive and its applications less 
varied. 

The sources of sound are illustrated by sets of 
tuning-forks, organ-pipes, and vowel-forks, con- 
tributed by Dr. Guthrie. Another set of apparatus, 
contributed by Professor W. F. Barrett, of the 
Royal College of Science for Ireland, elucidates the 
principles of singing flames. It includes a series 
of glass tubes provided with a paper slider, by 
means of which the vibrating column of air may be 
lengthened or shortened, and thus the pitch ad- 
justed. This branch is further illustrated by Dr. 
Rijke’s apparatus, consisting of a metal tube into 
the lower part of which fitsa piece of ordinary wire- 
gauze. hen a jet of gas is placed under the tube, 
and caused to burn above the gauze, the latter be- 
comes heated, and when red-hot the tube emits a 
sound, The intensity of this sound may be changed 
from a low murmur to an unendurable roar by 
merely varying the position of the gas-jet. 

It is well known that Professor Barrett was 
among the earliest and most successful in studying 
the nature and multiplying the uses of sensitive 
flames. His labours in this fieldare represented by 
a good set of diagrams and apparatus for the pur- 
pose of exhibiting to a class the leading principles 
of the reflection and refraction of sound-waves. 
The most important items of the collection are a 
pillar to supply a steady flow of gas, various forms 
of steatite burners, and a gas-holder arranged to 
give amore uniform pressure than can be usually 
obtained from street mains. 

Sensitive flames have also been used by the 
Director of the Physical Laboratory of the Uni- 
versity of Groningen in an apparatus for showing 
the effect produced by the interference of two 
sound-waves. The apparatus mainly consists of 
two movable cross-tubes tapering at one end. The 
narrower ends fit into a second fixed tube which 
tapers at its opposite extremity. Before this narrow 
end are placed a strong and a small flame which may 
be seen by reflection in a rotating mirror, Whena 
sound-wave is sent through the tube, the strong 
flame begins to roar whilst the small one is thrown 
into a state of rapid vibration. The open ends of 
the movable tubes may be placed in front of the 
mouths of two unisonant organs or just over two 
segments of a vibrating plate. When one pipe 
only is sounded, the flames are agitated; but when 
both are simultaneously sounded, the flames are 
quiescent, thus showing the interference of the two 
sonorous waves, The same is further shown when 
the two openings are placed over two segments of 
a vibrating plate; if these are in the same phase 
of vibration, the flame is agitated; if in opposite 
phases, they are at rest. 

The vibration of plates naturally suggests 
Chladni’s figures. Permanent figures have been 
obtained by methods analogous to those employed 
for fixing the magnetic “lines of force.” When 
the nodal lines are clearly delineated, gummed 
paper is pressed down upon the plate, and a 
permanent record of the figures is obtained. A 
series of these very beautiful figures is exhibited by 
Dr. Guthrie. 

Of resonators there is a good collection by Dr. 
Guthrie and another by G. Sthubring, of Erfurt. 
The resonators of the latter are constructed in card- 
board, and are six in number, corresponding to the 
notes ¢’ (256 vibrations), e' (320), g' (387), c'' 
(512), e'' (640), and g’/ (768). In this same section, 

ord Rayleigh exhibits a resonator fitted with ap- 
pliances for varying the pitch so as to make it re- 
spond to the successive notes of a harmonic scale. 
This apparatus has the further advantage of pro- 
ducing the overtones with great distinctness when 
the note is sounded on a piano or harmonium and 
the resonator suitably fingered. 

The subject of measurement is represented by 
such well-known apparatus as Savart’s toothed 
wheels, the sonometer, revolving drum, and the 
siren. Among the instruments that may elicit 
Special interest may be mentioned the metronome 





invented by Dr. Wollaston, the double-siren, as 
used by Helmholtz in his investigations, Regnault’s 
chronograph, and Le Roux’s apparatus for de- 
termining the velocity of sound. Peshited the most 
interesting apparatus illustrative of velocity is that 
used by Dr. Colladon in his famous experiments of 
1826 and 1841. These were madein the lake of Geneva 
for the purpose of ascertaining the speed of sound 
transmission through water. Two boats were 
moored at a distance of _ miles from each other. 
The observer in one boat lowered a bell, weighing 
140 lb. into the lake. The hammer was moved by 
an external lever, which at the same instant that it 
struck the bell ignited a charge of gunpowder. The 
observer in the other boat was provided with a lon 

trumpet-shaped tube, immersed in the lake, an 

having its lower extremity covered by a membrane 








which excluded the , but took up the sonorous 
vibration. Knowi exact distance between the | chroma 
two stations and terval between seeing the 

flash and hearing the 


nd, if was an easy operation 
of transmission, . tn 1826, 


hea i ms Se jadé at a depth of 13.487 metres 
44, ft.) ; in 1841. éxperiment was repeated at a 
pth of 35 metres (E14 ft.). ‘The temperature of 


the water was 8 deg. Cent., and the. velocity was 
found to be 1435, metres (4707 ft.) per second. 
Dr. dall’s researches on sound are represei 


tas n ; é » on 






, ches on § 
by asingle apparatus made by 





Spiller. ‘This apparatus seems to have been. the out- 
growth of a beced takttiey into the trans- 
parency of the amoepere. . The: 
elucidated is, that in'a ene 

the intensity of sound is 
cessive reflections of the waves from é 
particle. Thea tus consists of'a 

chamber, furnished at its under surface with’ tix 
small apertures through which gases of various 
densities may be admitted. The chamber is first 
filled with air, and a sound of a high pitch is passed 
through it, and caused to agitate a sensitive flame 
placed at the opposité extremity. Air saturated 
with various vapourss'now urged through the six 
apertures, thus prodacing a very heterogeneous. 
mosphere Within ‘thé'chamber. When the oh 
note is again sounded the sensitive flame is quies- 
cent; on the removal of the vapours, it is again 
agitated, thus clearly showing the extinetion ‘of 
sound by repeated reflection. 

Soun sieemiend ge Regen! Arno — fosatbe 
purpose of registering the expansion of gases, An 
apparatus adapted for these experiments has been de- 
vised by Dr: Guthrie. It éonsists of er tube 
inclosing one prong of a tutin “in such” a 
manner as to exclude air, The:twbe is farther pro- 
vided with a capillary exit-tube in which stands a 
column of water. When ‘the free: prong is briskly 
bowed, the level of ‘the water falls by:an amount 
corresponding to the dilation of the air, In seyeral 
experiments this coefficient was found "to ‘be one- 
fourth of an inch. ‘ahi al hiiay 

The vibrations of strings, and the: best’ means of 
exhibiting the resulting phenoména to audiences, 
have received much attention from. M, Melde, of 
Marburg; and among his several exhibits we a | 
mention for their peculiar interest his tuning- 
apparatus for producing so-called stationary’ waves 
ona thread, and his wave apparatus for showing 
the production of Chladni’s figures. 

This same subject was also carefullystudied, chiefly 
from a theoretical point of view, by the late John 
Henry Griesbach, and his valuable investigations are 
represented by a numerous collection’ of instruments 
used and devised by him in his researches. The more 
important of ,these are a monochoré, by which the 
vibrations of a string:gjpth of aninchin length may 
be ascertained; ana tus consisting of notched 
wheels of different eters, which produce the 
notes of the common chord when s prepared 
pieces of cardboard are brought into contact with 
the rotating teeth; a’ set flue pipes, some of 
which yield a sound too high to be heard singly, but 
which when sounded ‘together produce a resultant 
tone distinctly audible; and, lastly,.a large set of 
coloured di illustrating lectures on sound. 

But it was notenough to succeed:in producing 
vibrations and combining them together, something 
more remained.to be done in giving them greater 
durationif notabsolute permanency. Among the most 
successful in treating this, question is undoubtedly 
M, Lissajous, whose op method, which is some- 
what meagrely represe has gained for him 
well-deserved fame, Pi s beautiful ‘‘ harmony 


and discord” apparatus, which is usually surrounded 
by a number of admirers, was another successful 





ted | small 
and Symzece want of centralisation more felt, and in 
no department ht this invaluable feature 


step towards a complete solution of this problem. 
mq a mee es — been finally removed by 

. Tisley, whose pen ‘apparatus—a very nice 
piece’ of I gennity- traces cards curves of ex- 
quisite beauty correspondia f° any desired com- 
bination of rectangular vibrations. 

Among other instruments belonging to this and 
the kindred subject of interference may be mentioned 
Wheatstone’s Enleidophotie ‘and Quincke’s inter- 
ference tube. Ro ip 

In the musical department, ‘the connoisseur will 
find much to awaken his ittterest, Among the most 
curious of this class of exhibits may be mentioned 
an enharmonic harmoniumy‘having a compass of 4} 
octaves, harmonium on Mi *Eili#’s system for pro- 
ducing correct intonation ‘in many keys, a Savart’s 
violin, models of ancient nh pipes, a model of 
an ancient hydraulic organ, chromatic harmonium, 
tie piano, &e. 





EDUCATION ae THE CENTENNIAL 


EXHIBITION. 
THe educational 


at the Centennial are 
numerous and crowded with exhibits. Unfortu- 


nany of them are relegated to very modest 
and irre galleries, whilst others are collected in 
ll bu dings seattered apace over the grounds. 


have been mere easily satisfactorily secured. 
. A rapid at the ensemble suffices to show 
the taneity with which the various states re- 
c to the call of ‘Mr. John Eaton, Chief 
of the Bureau of Education, inviting them to con- 
tribute their share to the success of the Centennial. 
“states only n or declined the invita- 
on, and it is s and even disappointing that 
the State of New York, the champion of public in- 
atruction, should be among this number. ‘The chief 
citiesand leading educational centres are, for the most 
part, worthily represénted; but even here we find 
another exception that we should not have antici- 
The city of Philadelphia is noticeable onl 
mce from this educational congress, It 
‘Fust to add that this self-banishment has not 
arisen from any ill-advised feeling, but rather from 
an desire that visitors should extend 
their Lac gers to her various districts and inspect 
the schools themselves. In the abstract, this may 
be generous and praiseworthy; but we fear that 
ily “an infinitesimal fraction of those who find 
their way to the galleries will muster sufficient 
pedestrian courage to visit the many educational 
institutions of the ‘‘ city of brotherly love.” 

The great bulk of the exhibits has been”con- 
tributed by public schools; but higher grade 
schools, academies, colleges, and even universities 
have entered into the spirit that created the Exhi- 
bition and sent collections that may give some 
notion of their modus operandi, their organisation, 
the character of their work, &c. We do not attach 
a preponderating importance to individual specimens 
in any branch of instruction, These may be the 
result-of repeated failure and prolonged labour’ as 
much as of native talent or real expertness. Some. 
times too the teacher is unable to résist the tempta- 
tion of putting a finishing stroke, although we may say 
thatin most of the work that we ventured to examine 
somewhat minutely, we remarked an entire absence 
of the professional element. We value these ex- 
hibits as a class because they are a fair index to the 
actual status of education. They show the drift of 
public instruction ; and by examining the texts gene- 
rally used and the methods most in favour, we may 
form a relative idea of the depth and comprehensive- 
ness of the instruction given throughout the different 
sections of the country. 

The various state groups have, as a matter of 
course, many features in common. However, in point 
of ae miane pr a a comes, a tole 
foro ng. ; , we found nothing better 
than the State of Massachusetts. The whole history 
of public-school life may here be traced from the 
infantine — amusements through the 
varied exercises of the primary and grammar schools 
to their culmination in the severer tests of the high 
school. All this is summed up in the 289 volumes 
of scholars’ work that are profusely scattered 
throughout these rooms, The texts in daily use 
may be taken up and examined, and an idea of the 
physical knowledge imparted may be obtained from 
thecase containing a sample of the philosophical appa- 
ratus furnished to each of the fifty grammar schools 





of the state, This knowledge must necessarily be 
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[Ocr. 13, 1876. 





After finishing the courses required of all, the student 
is supposed to be ready for the following curriculum: 


Hours per 
Week. 


a Second Year. 
Anal ry ove eee 


Descriptive geometry ss 
Shical and plan drawing 
lectures) ies ide 


T 

Rhetoric and English literature, or descrip- 
tive astronomy ove ase ove aa 

English literature, or physical geography ... 


eee 


EODD 626} me bom Oo CO CO 


Third Year. 
Survey and location of roads ... 
Seeaties sy Ser we ~ Pl 

ater supply, drainage, &c. ... 
Field ice... » eve 


Stereotom. oes es eve 
Bridge and roof construction ... 
Calculus ... * int a 
Applied mechanics 

Physical laboratory... ese 
Outlines of zoology, or history 

General geology, or political economy 
Fourth Year. 


of structures ... 
of materials ... 


Stabili 
Stren 


Structures of stones 


ae wood , 
Topograph (Geld practice) 
0 e. ce 

Poyebal bydrography ove 
Structure drawing dis 
Building materials 
Water power and water 
Metallurgy of iron j 
Applied physics ... a oan 
German ... the eas ove see ove 
Philosophy of science ... mre ons a 

This is an extensive syllabus, perhaps too ex- 
tensive for the limited time ; however, if efficiently 
carried out, it cannot fail in forming a race of ac- 
complished civil engineers. 

The Worcester Free Institute seems akin in its 
purport and scope to the Boston Institute of Tech- 
nology. Its exhibits are somewhat promiscuous, in- 
cluding 50 specimens of models used in drawing, 
18 engineering drawings, 100 specimens of w 
and metal work, besides a volume of test problems 
in descriptive geometry, and 22 volumes of examina- 
tion papers, and theses worked by the class of 1876. 
We also found in this collection three other exhibits 
which considerably increased our opinion of the In- 
stitute, and we were glad of this particularly as we 
were not very favourably impressed by the order 
and general disposition of the whole, ‘These were 
one of Professor Willis'’s apparatus for vm peal 

g 


AAAAA DODO DO CO COCO PR OAAAR 


eee 


wheels 


Conner aao 


the fundamental principles of mechanics, a s 
lathe to measure gears, and a beautiful worki 
model of link and valve motion. 

It is said that Massachusetts people are not in- 
different to their reputation as cultivators of litera- 
ture. We suppose this to mean that they are not 
prosaic when an opportunity offers of indulging in 
sounding periods about their great poets, historians, 
and philosophers; and it was not only pardonable 
but very praiseworthy for them to gratify the curious 

of the Centennial visitor with an album of their 
fiving celebrities. For our part we were pleased to 
see again the photographs of such writers as Long- 
fellow, Emerson, Bryant, Bancroft, Dana, Asa Gray, 
&e. The current literature of the state is represented 
by 11 bound volumes, containing 354 publications, 
and the Boston library by 17 volumes relating its 
origin, development, and administration. These 17 
tomes represent 300,000, a collection said to be the 
largest for reference and circulation in the United 
States, 

We cannot conclude our remarks about this state 
without referring to the unique collection of pastel 
drawings by L. ‘Trouvelot. an are thirty-four in 
number, and illustrate some of the most interesting 
subjectsin astronomy ; they have all been made from 
observations taken within the last ten years at his 
Physical Observatory, Cambridge (U.S.). Among 
the finest we may mention a group of sun spots in 
full activity taken in June, 1875; the meteors of 
November, 1868 ; the eruptive force of solar promi- 
nences, 1874; the craters of the moon, 1876; the 
aurora —— of —- Ier9 5 - sun and its 
gaseous envelope, the greatnebula of Orion, Coggia’s 
comet as observed in July, 1874. This beautiful 
collection is offered for sale. 

The details that we have given concerning the 
exhibits of Massachusetts will exempt us from 
similar minutis about the other states. A family 





likeness runs h them all, Still our work 
would be incomplete, and therefore unsatisfactory, 
did we not endeavour to single out from the 
plethora of remaining exhibits those which may be 
of some interest either by their novelty or by their 
intrinsic qualities. 

The educational department of the State of Penn- 
sylvania is located within a tasty structure situated 
on the outskirts of the Art Gallery. On entering 
this building the first object that fixed our attention 
was a large educational map of the state. Each 
county contains its own statistics. Thus for 
Washington county we found its population to be 
48,413, number of school districts 45, of schools 
293, of pupils 12,662, of male teachers 146, of 
female 163; the average length of school term 
5.82 months, and the value of the property 305,000 
dols. ‘The decennial development is shown in another 
map, from which we make the following abstract : 

1865. 1875. 


10,469 12,547 17,092 

és pup ... 589,024 629,587 890,073 
Of more interest perhaps to the general visitor is 
a small uncouth-looking alcove, which bears the 
date 1776, and contains a number of articles 
claiming to be relics of bygone scholasticism, 
viz., three wooden tables, elegant pieces of class 
furniture in their day; an oaken bucket, two quills, 
and an old strap, which may not maaey be con- 
sidered a time-honoured thrashing machine, 

The higher education of the State of Pennsylvania 
is intrusted to six universities, and 33 colleges with 
349 professors and 6357 students. Only afew of 
these institutions have sent contributions to the 
Centennial, and of these the most conspicuous are 
the University of Pennsylvania, the Polytechnic 
College of Philadel hia, and — College. 
The exhibits of the first did not strike us by any- 
thing of genuine university value. We should feel 
reluctant to believe that these specimens are intended 
to represent the technical training of this noble in- 
stitution. Its series of diagrams illustrating lectures 
on engineering subjects, its topographical surveys, its 
wood and glass models of crystalline forms, and its 
plaster models of arches would scarcely do credit 
to many establishments of a lower grade in this 


Number of schools ... 


ood} country. Many of the philosophical instruments 


are fine ome of apparatus, but one would expect a 
higher character in a set intended to be typical of 
the physical instruction given in a state university. 
The exhibits of the Polytechnic College would be 
none the worse if the office of curator had been 
improvised for the purpose of marshalling them into 
better order. The 25 skeletons of quadrupeds, 
birds, and fishes although ‘‘ prepared and mounted” 
do not much erhance the appearance or value of 
the collection. It is more pleasing to look upon the 
case containing 154 species of American birds; and 
it is certainly more cognate to the purposes of this 
particular Polytechnic College to find among its 

roductions a model of a hydraulic brake, models of 
bridges and machinery, drawings of ships, &c. We 
know this Institute has sent out some very good 
men, and for their sake we should have wished for 
specimens of a more advanced character. 

Lafayette College is, if we rightly infer from 
what we have seen, less ambitious of a purely 
technical reputation than the two preceding academic 
establishments, and yet we found particular pleasure 
in looking over its engineering drawings. These 
were numerous and included specimens in geome- 
trical construction, orthographic projections, linear 
perspective, pen topography, contour maps, coloured 
topography from railroad surveys, &c. The most 
characteristic exhibit of this group is a fine collec- 
tion of 24 water-coloured views of the apartments 
devoted to chemical instruction. The mere names 
of these rooms show that chemistry is not in La- 
fayette what it is in more than one of the 500 
American colleges and universities, a nominal sub- 
ject that must be cut down to its lowest terms. It 
is a wonder to us how any faculty can confer such a 
de as that of bachelor of science without re- 
quiring of its graduates any more than the veriest 
smattering of elementary chemistry, and we know 
that this is annually done in a number of academic 
institutions. In Lalayette this important study seems 
to receive due attention particularly when taken up 
with the ultimate view of a professional career. The 
Pardee Hall, as this a is named from its 
generous founder Ario Pardee, is divided into 25 
rooms as follows: laboratory for general chemistry, 
assistants’ room, laboratory for organic analysis, 
lecture room, laboratory for quantitative analysis, 
laboratory for original » assay laboratory, 





laboratories for volumetric analysis, for gas analysis, 
for blow-pipe analysis; the professor's laboratory, 
balance room, sulphydric rooms for quantitative 
and for qualitative analysis, and last of all the pro- 
fessor’s office. This collection also contains speci- 
mens of 1322 wall charts made and used in the 
several depattments of the college, maps of ‘the 
winds of the globe” by the late Professor Coffin, an 
interesting chart showing the path of the great 
meteoric fire-ball of 1860, — by the same 
professor, and a collection of the works published 
by the faculty and the alumni. 

When we saw that such ample provision was made 
at Lafayette for the diffusion of chemical knowledge, 
we became anxious to know something of the extent 
of the course. We accordingly procured the last 
calendar, and there we see that the course embraces 
a period of four years. As the syllabus for the 
whole period would be somewhat lengthy, we confine 
ourselves to that of the senior year. During the 
first term, the subjects are analytical chemistry, 
technology, metallurgy, physiological chemistry, 
toxicology, and rule of faith ; the second term is de- 
voted to analytical chemistry, technology, metal- 
lurgy, political economy, agricultural chemistry, and 
evidences of Christianity ; the last term is occupied 
with analytical chemistry, gas analysis, metallurgy, 
history, graduation theses, and Butler's Analogy. 
We have only to add that if this programme is faith- 
fully carried out by men who thoroughly understand 
their subjects, and if the final examinations are not 
merely pro formd, a3 we know they are in some 
colleges, a succession of chemists and mining engi- 
neers must be annually turned out that will reflect 
credit on Alma Mater, promote the mineral wealth 
of their state, and largely contribute to awaken 
other college authorities to the importance of giving 
prominence to a subject that underlies all physical 
studies; but we greatly fear that the programme 
is much too extensive, and that the student must 
carry away a little more than superficial notions of 
the numerous subjects that he has hurriedly run 
through. The /festina lente philosophy which pro- 
duces solid results in our own country, seems to be 
quite out of favour beyond the Atlantic. 

The exhibits of the State of Michigan are crowded 
into a very small space. They include half a dozen 
of statistical maps, from one of which we gather that 
the area of the state is 56,451 square miles, its popu- 
lation is 1,334,300, its aggregate of schools is 5232, 
of which 54 are of stone, 455 of brick, 514 of log, 
and the remaining 4209 are frame houses. One of 
the walls of the room is covered with a large pen- 
and-ink chart, which forms a very creditable piece of 
workmanship. It contains-the curriculum of the 
University of Michigan, from which we again see 
that fair provisions are made in the range of subjects 
forthe engineering, the chemical, and the agricultural 
student. 

It appeared to us singular that institutions calling 
themselves universities should consider it good taste 
to make such an exhibition of their “ courses of 
study.” The profanum vulgus may be astonished at 
their learned nomenclature, but the man of educa- 
tion will probably attribute the presence of such 
documents to an itching desire after display. In 
looking over the catalogue of the Michigan Univer- 
sity, we were particularly interested by the six pages 
containing the names of this year’s graduates. From 
them we gather that there were 18 who obtained the 
‘* degree” of pharmaceutical chemist, 20 that of civil 
engineer, 18 that of bachelor of science, 2] that of 
bachelor of philosophy, 42 that of bachelor of arts, 
3 that of master of philosophy, 1 that of master of 
science, 28 that of master of arts, 78 that of doctor 
of medicine, and 157 that of bachelor of laws, 
making a fine total of 368 graduates. Ih reading 
these numbers, it must not be forgotten that ladies 
are eligible to the honours of this university. In look- 
ing down the lists, we see that a few ladies obtained 
the degrees of bachelor of science and bachelor of arts, 
and moreover that a good number were successful 
in getting the degree of doctor of medicine. We do 
not know how Addison or Johnson would look upon 
the grammar of these last few sentences, and we 
are anxious to know how the senate of the London 
University will deal with the ‘grammatical diffi- 
culty” in case the hot warfare now waged among its 
members should terminate in favour of the admission 
of women to its degrees. 

Of the remaining states represented, New Jersey, 
New Hampshire, and Connecticut contain the best 
collections. Yale College has sent a partial collec- 
tion of the works written or edited by former 
members, Among these we noticed the names of 
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Worcester, Webster, Loomis, Barnard, and Fenni- 
more Cooper. New Jersey (second only to Massa- 
chusetts in arrangements and completeness) shows 
among its curiosities a compass by Washington 
in his survey of Virginia in 1748. One class of the 
numerous exhibits from New Hampshire attracted 
our attention, it was emphatically sui generis, and 
contained specimens of the written work done at 
the Tilden ies’ Seminary during the past year. 
The few books that we were curious enough to glance 
at created a desire to a more extended acquaint- 
ance with this seminary. We were fortunate enough 
to find an annual that furnished us with some in- 
teresting data, which we will briefly sum up. There 
are two principals ; of the eleven instructors, ten 
are ladies. Gymnastics, we believe, are taught by 
the daughter of the gentleman-principal, who limits 
his professorship to instruction in mental and moral 
science. Then follows a list of the ‘ alumne” 
classified according to the diplomas obtatmed. By 
an easy arithmetical exercise, we see that 117 ob- 
tained the diploma of the first degree, 207 the 
diploma of the second degree, and 29 a diploma for 
“elective” studies. We looked over the subjects 
comprising the various courses of this seminary, not, 
however, with the severity of a critic’s eye, but 
rather to gratify a desire of knowing precisely what 
amount of science and “ varied lore” is considered 
necessary in the education of American ladies. 
We must admit that we found more than we ex- 
pected. The senior course in the Tilden Seminary 
embraces Robinson’s plane and spherical trigono- 
metry, Bascomb’s Aisthetics, Guizot’s History of 
Civilisation, general literature; Latin, French or 
German; Butler’s Analogy, universal history, oil 
painting, music and ‘general reviews.” To this 
must be added that before entering upon the 
advanced course, the lady aspirant must possess a 
good knowledge of algebra, geometry, physiology, 
botany, geology, logic, rhetoric, and astronomy. All 
comment is superfluous. It must be patent that the 
Tilden Seminary bestows upon its ‘‘ graduates” a 
handsome paraphernalia, We would only just venture 
to ask if such a system of cramming tender minds 
with a mass of indigested, heterogeneous knowledge 
has been found to contribute in any measure to 
domestic felicity or to social improvement. We 
are somewhat sceptical and inclined to take a 
imist view of the whole matter. Perhaps the 
doubt that we have expressed may catch the eye of 
some philanthropic educator (possibly that of the 
president of the Tilden Seminary), who may be so 
good as to favour the public with specific data on the 
question. 
In a second article we shall deal with the educa- 
tional exhibits of Canada and Japan, 





SEWAGE UTILISATION AT DANTZIC. 
No. III. 

In our two preceding articles on this subject (pages 
301 and 526, vol. xxi.), we have given the results of 
a careful examination and analysis of the soil, the 
sewage, and the effluent water of the Dantzic irri- 
gation works. As regards hygienic results, the 
health of the neighbouring inhabitants is proved to 
be in nowise affected by the proximity of the sewage 
farm, and beyond this no nuisance or annoyance, 
except a faint odour on very hot days, is ever found 
to proceed from the utilisation of the sewage in 
irrigation. It is, however, necessary to take notice 
of the fact that there was an outbreak of cholera in 
1873 in the villages of Weichselmunde and Henbude, 
which are situated at distances of 2 to 3 kilo- 
metres, ]} to 2 English miles, from the sew 
farm, and that this was at one time erroneously 
supposed to be attributable to the neighbourhood of 
the sewage irrigation. The official report of Dr. 
Hirsch, which we forbear from quoting ix extenso, 
is, however, perfectly distinct in entirely exonerating 
the sewage farm from these effects, and in attri- 
buting the cholera to the faulty arrangements for 
carrying off the drainage and sewage of these self- 
same villages. We may also notice that Dr. Hirsch, 
far from being liable to bias in the question, was 
specially appointed by the Government to examine 
the matter. ‘ 

In addition to this evidence, the accompanying 
Tables of mortality of these villages from 1865 to 
1874, which give the percentage of deaths due to 
each class of disease, also afford sufficient proof that 
the health of the inhabitants did not suffer in 


any way that can be considered attributable to the | th 


irrigation carried on from 1871 to 1874. It is, 


however, unfortunate that the mortality Tables for 








the town of Dantzic itself have not also been attached 
to the report of Dr. Hirsch, as it .is very. possible 
that they might show a decrease in the death rate, 
after the. connexions and works were sae in working 
order, which might justly be attributed ‘to the 
improved mode of dealing with the sewage. 


TaBuE of Mortality for Weichselmunde from 1865 
to 1874. 
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TaBuz of Mortality for Henbude from 1865 to 18 4. 


























liquid can be efficiently carried on under the lowest 
temperature known at Dantzic, or at 10 deg. Fahr. 
below zero. The results of the experience of the 
last twenty-five years of sewage irrigation at Bunzlau 
also _— those obtained at Dantzic, and prove 
that when sewage liquid is conducted in pipes below 
the surface, it preserves a very uniform temperature, 
which is approximately that of the mean monthly 
temperature of the place. 
though the purification of the se at 
Dantzic has been most effectively maintained, the 
— yielded by the farm has been in no way 
eficient. In 187] no less than from four to six 
cuttings of grass were obtained from a soil that was 
previously perfectly sterile, a result that may be 
considered the more satisfactory, as the best land in 
the neighbourhood yielded only two cuttings, The 
sewage crops are mostly Italian rye- and 
summer rye. In 1873 a part of the land was con- 
verted into a vegetable garden ; the vegetablesthrove 
and yielded large crops; they consisted of several 
sorts of cabbage, turnips, asparagus, mustard, rape, 
and cummin ; crops of- barley, oats, and maize were 
also grown with success. The quality both of the 
grass and of the vegetables was excellent; the latter 
































were supplied from the vegetable farm to a public 
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sewage irrigation has yet been adopted, it is specially 2 § 2s 
interesting to note the lowest temperatures under} > 
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to be effective. The first winter, in w irrigation Turni a , 
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From the above it will be noticed that in the first 
winter the temperature of the air went on one occasion 
as low as 10 deg. Fahr. above zero, and was frequently 
between 18 deg. and 22 deg.; in spite of this, how- 
ever, the temperature of the sewage liquid on 
arrival at the sewage farm never went below 
45 deg. Fahr. above zero; while crops of rye- 
were successfully grown throughout the whole of 
this winter, the water on them only remaining frozen 
on the surface for a few days on one occasion. The 
lowest temperature of the air during the second 
winter was never below 18 deg. Fahr. In the third 
or most severe winter of 1874-75, the temperature of 
the air was very frequently between 15 deg. and 
8 deg. Fahr. above zero, while on one occasion 
went as low as 10 deg. Fahr.’ below zero; yet the 
temperature of the sewage liquid generally varied 
between 46 deg. and 54 deg., and never went below 
40 deg. Fahr. These facts and results are con- 
sidered to afford sufficient proof that the sewage 
liquid never freezes in the shies and channels, that 

e irrigation of meadows with sewage liquid is 
practicable at a temperature as low as 10 deg. Fahr. 
above zero, and that the purification of the sewage 


with well diluted sewage and careful management, 
sewage irrigation has been made to yield results 
that can profitably, compare as re produce and 
return, with those of Edinburgh, Aldershot, Barking, 
and Norwood, while as regards purification of the 
effluent water and hygienic results they 
those of ordinary sewage irrigation in England and 
nearly come up to those of our downward filtra- 
tionists; or in other words, that both economy and 
appar to a sufficient degree have been success- 
ully attained by one process. It has long been 
known in England (see the first report of the Rivers 
Pollution Commission, 1868), that it has been only 
too frequently the practice in this country to apply 
an excess of sewage in irrigation with the object 


and thereby prevent its sufficient purification. 

We cannot, therefore, but conclude that the 
economy combined with purification at Dantzic is 
pee due to the advantage of having sufficient 
d at a moderate distance from the town that was 

of merely a nominal value ; and the consequent ad- 
vantage of not having any excess of sewage above 
the requirements of the land. This, however, does 


it | of growing as large an amount of produce as 
sible, 





not in any way detract from the good management 
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of the farm and of the sewage, without which such 
results as are mentioned could not have been ob- 
tained. 

With regard to the successful purification of the 
sewage at a temperature as low as 10 deg. Fahr. 
below zero, it seems much to be regretted that 
analyses of the effluent water made at that time are 
not given to substantiate the statement of the fact, 
more especially as we know that at Norwood and at 
Croydon in the winter of 1869 the cold much reduced 
the purity of the effluent, both as regards nitrogen 
and ammonia. In addition to this, the fact that the 
irrigation of grass is not affected down to a tempera- 
ture as low as 10 deg. Fahr., or 22 deg. below freez- 
ing point, and that the grass is only then frozen and 

illed, requires some explanation beyond the state- 





ment that the temperature of the sewage liquid on 
delivery at the sewage farm never went below 
40 deg. Fahr. 

As to hygienic results, the irrigation practised at 


Dantzic seems to be everything that can‘\be wished | 
for up to the present time, and, under a continuance | 


of similar good farm management, will probably 
continue to hold its own in this respect, a 
feature in which the sewage utilisation at Norwood 
and Beddington has been apparently less successful, 
while that at Edinburgh, Barking, and other places 
in England has been equally good. That accidental 
circumstances in combination with occasional bad 


sewage management may at any time conduce to | 


defective hygienic results, is a point on which we 
have little doubt, but on the other hand cannot con- 
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sider this to be a serious objection to the principle 
of the application of sewage in irrigation, any more 


| than the fearful accidents that occasionally occur on 


railways are to the principle of rapid locomotion. 

It is much to be regretted that further detaiis are 
not forthcoming as to the profit and expenditure on 
the Dantzic sewage farm, as well as on many 
other similar undertakings; but as the managers 
and the neighbouring inhabitants appear contented 
with the results in every respect, we cannot but con- 
gratulate them on, as they express it, a successful 
application of this system of utilising sewage. 








| Tasmantan Marn Line Rariway.—The traffic receipts 
| of this hitherto unfortunate line have been proceeding of 
| late at the rate of about 26,000/. per annum. 
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BOSTON AND COLORADO SMELTING 
WORKS.* 
By T. Eaieston, Pu. D. 
(Concluded from page 292.) 
IV. ZieERVOGEL’s PRocEss—continued. 
4c. Washing and Fusing the Cement Silver—The 
cement silver is washed in a washer invented by 
Professor Pearceand patentedin England about eight 
years ago. It isa tub about 4 ft. high and 4 ft, in 
diameter at the top and 2 ft. at the bottom. It is, 
however, sometimes made a little smaller, being 42 in. 




















50 lb. is then turned on through the injector and 
the arm moved so as to open the air holes. The 
steam and air pass down ugh the false bottom 
and up through the silver and sulphuric acid. A 
very violent ebullition is caused in the liquid by 
this e of the air and steam. 

The silver is thus kept in constant agitation, and 
fresh surfaces are constantly exposed to the action 
of the acid. Beside this mechanical effect the cur- 
rent of air oxidises the metallic copper and trans- 
forms it, together with the suboxide, into sulphate.* 
The cement silver from the tanks still contains 
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high, 40 in. in diameter at the top, and 93 in. at the 
bottom. This tub, with its injector, is shown in detail 
at Figs. 16 and17. Two of these washers are placed 
on araised platform having a spout connecting with 
the sulphate of copper tankr About 3000 oz. of 
silver are placed in the false bottom of the tub. A 
mixture of one part of sulphuric acid to 100 parts of 
water is then placed in the tub in sufficient quantity 
to cover all the silver. Steam at a pressure of 


* This paper, although originall 
Mining estes —" balose the p Bm mm Institute of 
eers at their meeting at Washington in 

February last. It now appears in print for the first time. 
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some traces of copper as sulphate and some metallic 
copper detached from the plates. 

At the end of two to three hours the liquid is run 
off through the = into the tanks. he silver 
is then washed for half an hour with clean water and 
steam and then removed in buckets to be dried on top 
of the drying furnace, Figs. 18 and 19. It requires 
from three to three and a half hours to com etely 
purify the 3000 oz. of cement silver. After drying, 
the silver is melted in graphite crucibles in the 

* This injector is also used in parting the rich auriferous 
—— shan ier the separation of gold, and manufacture of 
sulphate of copper. 











furnace, Figs. 20 to 23 of our two-page engraving, 
~_ is — to be 999 oz, to 999.5 - fine. 

B. Precipitation of the Copper.—The copper solu- 
tion from the tank G (see onl lan poy 291) 
runs into one of the tanks H, which are divided into 
compartments like the tanks G, and are also covered, 
These com ents are filled with scrap iron, which 
is simply thrown in without any special care in piling. 


| The spent liquor, which is sulphate of iron, when sul- 


phuretted hydrogen or a polished steel plate shows no 
trace of copper, is discharged into the stream; the 
velocity of the discharge being regulated according as 
the action is quick or slow. € copper precipitates 
on the iron and is left to accumulate. The compart- 
ments are cleaned out about once a month. The 
— is removed from the iron by simply moving 
it backward and forward in the liquid. The iron 
so cleaned is at once placed in an empty tank to be 
used on a fresh charge. All the iron used is old 
scrap iron, and is therefore not weighed. About 
5000 Ib. to 6000 Ib. was used in each tank, The 
cement copper is allowed to drain and dry, and is 
then taken to the smelting furnade. It contains 
about 90 per cent. of metallic copper when it is 
fresh. The small amount of impurity is owing to 
the fact that the tanks are closed, thus preventing 
the precipitation of insoluble compounds of iron. 
The cement copper oxidises very rapidly in contact 
with the air, so that when ready for the furnace it 
does not contain more than 80 per cent. of copper in 
the metallic state. 

48. Refining the Copper.—The furnace in which the 
cement copper is refined is shown at A in the greund 
plan, and in detail by Figs. 24 to 29. The fireplace is 
5 ft. long, and 28 in, wide at the top of grate. The 
grate has the same length, but is only 17 in. wide. 
The bridge is 2 ft. wide. The laboratory is 6 ft. 4 in. 
long and 4 ft. 4 in. wide, and has two doors, one at 
the end, which is the charging door, and one at the 
side, which is the working door. Just over the 
bridge there are two rows of six openings, each for 
the introduction of air ; these are covered with a hood 
to prevent the introduction of foreign substances, 
The furnace connects with the chimney by a flue, 
which is 2 ft. square. 

The fireplace has 11.65 square feet and the 
laboratory 21.79 square feet, so that the relation 
between them is nearly 1:2. This furnace runs 
once a month for 18 or 19 hours. A charge of 
2500 lb. of copper mixed with 50lb. of refuse 
charcoal is put in at 6 p.m. The fireman keeps up 
the fire during the night and the refiner takes it at 
74.M., and then skims off the slag and expcses the 
surface of the bath. Considerable sulphurous acid 
is given off, probably from the reduction of the sul- 
phate of iron in the cement copper. ‘The charge is 
worked for a “‘ set,” which takes three to four hours. 
This is done by striking the surface with the rabble 
and making waves. This is called beating the 
copper. The copper produced contains from 2 to 
3 per cent. oxide of copper dissolved in it, but it is 
not necessary to refine it completely, as it is used 
at once in the tanks G. The copper is taken from 
the furnace with a ladle and is poured into a cast- 
iron mould made of a frame which is slightly taper- 
ing, being larger at the bottom than the top. This 
frame is placed on a cast-iron plate Sin. in thick- 
ness. ‘The ladleful of copper poured in is allowed 
to set, that is a film of sub-oxide of copper is allowed 
to form, another ladle is poured on, aud so on until 
the mould is full. The cast-iron frame is then re- 
moved and the plates fall out separately as the oxide 
prevents anything more than contact. ‘Twenty-five 
plates are made in this way at a time. 


V. TREATMENT OF THE ZIERVOGEL Tus RESIDUES. 

A Fusion for White Metal.—The residues from the 
tubs consist of oxides of copper and iron with 20 
to 30 oz. of gold and 40 oz. of silver to the ton. They 
amount to about 22 tons a week. They are melted 
in the matte furnace, Figs. 5 to 8, page 247 ante, with 
rich gold ores of the first class, containing iron with 
copper pyrites and variable quantities of gangue, 
and highly silicious tellurium ores. All the silicious 
pyritiferous ores are selected for this purpose. The 
ores are all crushed and put through a four-to-the- 
inch mesh sieve. The charge is brought to the 
furnace in alternate barrows of residues and ore, 
but it is not mixed before charging, as it becomes 


mixed after it is thrown into the furnace. The 
charge consists of — 
Ib. 
Tub residues ... ee i. 4000 
Raw gold ores of the first class 2500 
Gold ores of the third class _... 900 
Total 7400 
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When there are no tellurium ores the charge of 
gold ores of the first class is made to amount to 
3400lb. The treatment is exactly the same as be- 
fore. A poor slag containing only two ounces of 
silver and a trace of gold is produced ; it is very 
much poorer than those of the previous fusion. It 
has otherwise very nearly the same composition as 
the others, but there is no zinc either as blende or 
oxide in it. 
The matte contains : 


Copper ... dns oda 60 per cent. 
Gold ai see eee 55 oz. 
Silver ... ’ ae 130 oz. 

30 per cent. 


Sulphar... me o hed 

It is called white metal. If the matte was made 
richer in copper the slag would also be richer and 
there would be more loss, The tapping is made 
twice in 24 hours. In other respects the labour, 
fuel, &c., is the same as in the matte fusion No. 4. 
This fusion for the treatment of tub residues takes 
place once a month and lasts a week. All the 
plate siag produced during this operation is put 
directly back into the furnace. 

B. Roasting the White Metal.—At the end of a 
week all the mattes produced are recharged in large 
lumps, the charge being about 4 tons. It is roasted 
at a dull red heat for about ten hours with admis- 
sion of air. The reaction which takes place between 
the sulphide and oxide makes a peculiar noise which 
can be heard at some distance from the furnace. 
The operation is termed ‘roasting’ for black 
copper, but it is stopped at half way. As the sulphur 
is driven off some metallic copper is liberated, 

The slag is very thick, and not more than 200 lb, to 
300 Ib. are produced, It contains from 8 to 10 per 
cent. of copper, and is highly basic, often containing 
crystals of magnetite. At the end of the ninth hour 
the doors are closed and the fireplace charged. The 
whole furnace is brought to a high heat, so that the 
whole charge is in intimate fusion. Just before 
tapping it is rabbled for five minutes, and then 
tapped into sand moulds, The tapping is done as 
before, but moulds are made to receive the mattes 
as the charge is greater. In the first three or four 
pigs there will be found plates or bottoms of 
metallic a containing arsenic, antimony, and 
lead. ‘These bottoms contain nearly the whole of the 
gold, with from 3 to 5 per cent, silver, and 80 per 
cent, copper, The matte is pimple metal, and con- 
tains about : 

Copper ... 

Gold eee 2 oz. 

Silver eee ‘an 120 oz. 
From every charge about 600 lb. of bottoms, and 
3 tons of matte are produced. This bottom fusion 
takes three days, making ten days for this treatment 
of the residues. The labour is the same as in the 
matte fusion, but more wood is used, four cords 
being burned in 24 hours. Only two operations are 
made in 24 hours, 

C. Treatment of the Pimple Metal—The pimple 
metal is roasted again in the same way, treating it 
nearly five hours, and making four charges in 
24 hours, Other bottoms are produced poorer in 
gold, but containing 

Gold... one 


75 per cent. 


60 to 100 oz. 


Silver ... 300 oz. 
Copper ... 75 per cent. 
Sulphur 25 


The pimple metal from this fusion contains : 


Gold ‘ + oz. 
Silver ... oe - a= 

a on ... 830 per cent. 
Sulphur 20 


the iron being entirely removed. This operation 
takes one and a half days, ‘The bottoms are treated 
with the other bottoms. The pimple metal goes to 
the Ziervogel process B, but is kept entirely sepa- 
rate because it contains no gold as does that of the 
process A, 

VI. TREATMENT OF THE RESIDUES OF THE ZIERVOGEL 

Process B py THE AUGUSTINE PROCESS. 

The residues from the Ziervogel Process B, which 
contain 25 oz. of silver per ton, sre| roasted with 
salt in one of the furnaces No. 4 for roasting for 
sulphate of silver in the Ziervoge\ process, ‘The 
residues are charged moist, a charge being one ton. 
It is heated for two hours, until it is hot. ‘Twenty 
pounds of salt are then added, and well rubbed into 
the charge for fifteen minutes. 

The charge is then drawn to prevent the loss of 
copper, as well as chloride of copper. Three charges 
are made in twelve hours. This requires one man, 
and three-fourths of a cord of wood. 

Solution.—This material is treated with a hot sat.- 
rated solution of brine, a tank, holding 1000 gallors o 











the brine solution, being always kept in reserve ; 1600 
lbs. of the chloridised residues are placed in a vat, 
and the solution allowed to constantly flow through 
it by an inch pipe for four hours. 

The liquid which runs out of the solution tubs runs 
into tanks, Figs. 30, 31, and 32, where the silver is 
precipitated with copper, and the copper with iron, as 
in the Ziervogel process. The salt solution contains 
chloride of iron, and is pumped back into the tanks, 
end is used again, Chloride of iron, by constant 
boiling, becomes perchloride, and finally sesqui- 
oxide, and is precipitated. The salt solution lasts 
(with occasional renewals of water) indefinitely. 
‘The loss of salt, per ton of residue treated, is about 
101b. The residues from this treatment are either 
reduced and made into ingots, or sold as they are as 
residues. The precipitation is the same as in the 
Ziervogel process, except that chlorides are formed. 
The material is always kept separate. 


VII. TREATMENT OF THE Borroms. 

Four tons of white metal from the Ziervogel 
treatment, gives 600 lb, of bottom. These are left 
to accumulate until they amount to 3500 lb., enough 
for a charge in the small reverberatory furnace. ‘The 
furnace in which this operation is effected is shown 
in the general plan at C, and in detail in Figs, 33 
to 37. ‘The fireplace is 6 ft. long, 4 ft. deep, 42 in, 
wide at the bridge, and 20 in. at the grate. The 
bridge is 4ft. wide. The laboratory is 9 ft. long, 
6 ft. 9in. wide, and connects with the cbimney 
2 ft. Gin. square, by a flue. The surface of the 
fireplace is 21 square feet, that of the laboratory 
46.27 square; the relation, therefore, is 1:4. 
The furnace has a working door at the side 
and a charging door at the end. On the side 
opposite the working door there is a spout which 
ends in a wooden tank sunk in the ground which is 
4 ft. 5in. in diameter and 3 ft. deep. ‘The object of 
the process is to oxidise the lead and other im- 
purities, and to prepare the metal for treatment for 
gold, The charge is made at 7 A.M. It is first 
sweated at a low temperature for two or three hours, 
during which time some of the lead liquates and 
runs out of the furnace. It is then left to oxidise 
for three or four hours, In about seven hours the 
charge is well melted. The slag, which is skimmed 
at this time, is composed mostly of oxides of lead 
and copper containing from 10 to 15 per cent, of 
copper, and is sent to operation No. 3. After the 
slag is withdrawn, the bath is beaten with a rabble 
for about two hours, all the doors being opened to 
admit an excess of air. It is again skimmed and 
tapped into water. ‘The “pitch,” that is the con- 
dition of the copper, must be such that the whole of 
the sulphur is eliminated before the oxygen is ab- 
sorbed, If the pitch is right, the globules will all 
be round and hollow. ‘This point must be seized 
with the greatest nicety, for if the charge remains 
too long in the furnace the globules will cast solid, 
and the charge must then be put back and worked 
with sulphur. ‘The temperature of the water governs 
the size of the globules. . They are small when it is 
cold and large when it is hot, but it does not other- 
wise affect it. It takes about ten minutes to do this 
casting. ‘The copper flowing from the spout falls on 
to a pole of green wood held underneath it, so as to 
scatter the copper. Care must be taken that the 
slag does not flow with the copper. ‘To prevent it 
the doors are opened, so that the slag is cooled until 
it is pasty. One charge is made at a time, and only 
one or two per month. ‘The globules contain 
L000 oz. of gold, 600 oz. of silver, and a trace of lead. 
20 tons of white metal give one ton of refined 
auriferous copper. ‘Three cords of wood are used, 
one man tends the furnace, one man does the 
firing. 

Treatment of the Alloy.—The copper globules are 
oxidised in one of the fine calciners, in which sul- 
phate of silver is treated. One and a half tons 
are charged atatime. The oxidation takes 36 hours. 
Che globules are put into the furnace in a heap and 
spread out over the hearth, The charge will be 
3 in, deep. The fireplace is charged at once, and 
the temperature is made as hot as the red bricks will 
bear, and as oxidising as possible. It is constantly 
rabbled. At the end of 36 hours a portion is taken 
out and tested, to see that it will pulverise com- 
pletely. If it does the operation is finished, if it 
does not the oxidation is continued. The whole of 
the copper has been transformed by the operation 
into suboxide, and the charge is increased in weight 
about 500 lb. by the operation. ‘The grains are 
black on the outside, but if broken or rubbed the 
streak is red, ‘The charge is drawn out into an iron 





barrow and carried to the store-room. It is placed 
in bags, packed in petroleum casks, and shipped to 
Boston. One cask holds 650lb. Three cords of 
wood are used for the process, and two men do 
the work, one man to each 12 hours’ shift. The 
men are required to bring their own wood, 

The Treatment of Oxidised Copper Alloy.—The 
oxidised product is treated with dilute sulphuric 
acid, ‘This is done in a conical tub lined with lead 
with a false bottom. The bottom is hollowed so as 
to leave as little space as possible. A charge is 
1500 1b. ; over this sulphuric acid at 20 deg. Baume is 
poured. Steam and air are turned on and the boil- 
ing continued for four hours. The whole is not dis- 
solved, but 90 per cent. of the copper will be in 
solution. It is allowed to settle for an hour, and is 
siphoned off and a fresh charge put in. ‘Two 
charges are madein a day. This is repeated until all 
the oxidised products have been treated. This work 
is not done at night. ‘The residues are boiled two or 
three times in the same way to gei out all the copper 
possible. The tub is then cleaned up and what 
remains is melted in plumbago crucibles. The 
bullion is from 600 to 800 fine of mixed metals, 
It contains from 40 to 50 per cent. gold and 20 to 
30 per cent. of silver. This is sent to the mint, 

The sulphate of copper is crystallised and sold. 
The mother liquid is used to dilute the acid used 
for the solution of the oxides. 

The working of these alloys of gold, silver, and 
copper was first tried in the works, and was given 
up on account of the high price of sulphuric acid. 
It was carried on for more than a year in Boston, 
but has quite recently been abandoned, and the 
separation of gold and silver is now to be done at 
the works by a process invented by Professor Pearce. 
In conclusion, we beg to present our warmest thanks 
to Professor Hill, who afforded us every facility in 
taking the drawings of all the furnaces, and to 
Professor Pearce, who gave us all the information 
which we required at the works, and concerning the 
various processes carried out there. 








BROTHERHOOD’S STEERING GEAR. 

We reproduce from the Revue Industrielle on page 316 
drawings of Mr. P. Brotherhood’s steering gear, by 
means of which the rudder of a ship can be laid over 
at any desired angle, and returns when released always 
to its normal position. Fig.1 is a longitudinal view of 
the machine, partly in section. From this figure it will 
be seen to consist of two parts, 1: Of a three-cylinder 
Brotherhood engine, the shaft of which carries at one 
end a central pinion ; the control of this engine is effected 
by means of the hand-wheel on the right-hand side; 
2. Of a drum containing three small toothed wheels, and 
one large internal gear (Fig. 2). The three wheels are 
mounted on a three-armed steel casting connected to a 
shaft coupled to the drum on which the rudder chains 
are laid; this latter is not shown in the drawing. 
The three spur wheels gear with the central pinion 
on the engine shaft, and are driven by it, transmitting 
their motion to the rudder shaft; they can also, 
when the engine is stopped, answer to the motion of 
bringing back the rudder to its normal position. These two 
contrary movements are obtained by means of the internal 
geared wheel, which engages with the three spur wheels, 
but which can at pleasure: be rendered loose or fast by 
means of the strap outside the brake drum, as shown on 
Fig. 2. This strap, controlled by a lever connected to 
the piston of a small vertical cylinder (Fig. 2), is able to 
set the internal geared wheel fast, and causes the three 
spur wheels to revolve when driven by the central pinion. 
On the contrary when the strap is loose, the internal 
geared wheel becomes free, and the three wheels carry it 
around with them. The employment of these wheels 
mounted on the three-armed steel casting fastened to the 
rudder shaft, distributes the strain equally around the 
circle, and increases the power with a diminution of the 
speed. The following description of the illustrations will 
explain the detailed action of the mechanism. Fig. 1, 
as already stated, is a side view partly in section ; Fig. 2 
is a section through the internally geared wheel and brake 
drum, and the vertical brake cylinder; Fig. 3 is a view 
of the small drum, which through the hand-wheel con- 
trols the movement of the engine; Figs. 4, 5, and 6 show 
the different positions given to the valve when the engine 
is stationary or moving in either direction ; and Fig. 7 
shows the steam admission and exhaust passages in the 
revolving valve. The large internally geared wheel runs 
in phosphor-bronze bearings, which carry besides the 
shaft coupled to the drum on which the rudder chains 
are laid and the shaft of the engine. The cireular valve 
of the latter is of the form shown in Fig. 1, and is tra- 
versed by a spindle furnished at one end with a quick- 
threaded screw turning in a nut, and at the other enda 
slow-threaded screw, moving in a second nut, geared on 
the outside to form a pinion. Longitudinal feathers on 
the spindle fit into grooves within the body of the valve, 
and oblige it to turn with the spindle. The hand-wheel 























ENGINEERING. 





319 





Oct. 13, 1876.] 





carries a shaft, coupled to a second shaft which termi- 
nates in two arms, at the end of each of which is 
placed a toothed wheel. Both these wheels gear in an 
internally geared drum, and serve to transmit the move- 
ment of the hand wheel to the pinion formed outside the 
nut within which the slow-threaded portion of the spindle 
works. The ratios between this gearing and that of the 
pinion on the end of the engine shaft, the three spur 
wheels, and the large internally geared wheel are iden- 
tical, so that the motion of the former is exactly repro- 
duced by the latter. This part of the apparatus works 
as follows: On turning the hand-wheel the small spur 
wheels are caused to revolve, and these give an increased 
motion to the pinion; the nut then turns on the thread 
and causes the rod to move to and fro according to cir- 
cumstances, the quick-threaded screw determining the 
relation of the valve and changing the position of the 
parts as desired. The valve can be thus placed in posi- 
tion to allow the revolution of the shaft in either direc- 
tion, and to follow exactly the movement of the hand 
wheel. But when this latter remains stationary, the 
revolution of the spindle gives a corresponding move- 
ment to the nut, and consequently brings the valve to 
a neutral point. The internal geared wheel with which the 
two small spur wheels in the hand-wheel shaft engage is 
always in communication with the exhaust chamber of 
the engine by passages, as shown in the drawing. It is 
connected also by means of a pipe with a valve which 
controls, according to its position, the movement of the 
piston actuating the strap brake lever, . As long as the 
foot lever remains untouched, steam passes to the under- 
side of the piston, and consequently keeps the strap in 
tension. If the pedal be pressed, the exhaust is opened 
and the brake is released. From the foregoing it will be 
at once seen that the man actuating the hand wheel 
causes the engine shaft to rotate in one direction or the 
other, or holds it at any given point as long as required. 
If during this latter manwuyre the valve admitting steam 
to the brake cylinder is in the position shown in the 
drawing, the piston is raised, the brake strap compressed, 
which sets fast the inner geared wheel with the large 
drum. The pinion on the engine shaft then drives the 
three spur wheels around, and produces a corresponding 
movement in the rudder, If now the steersman releases 
the hand wheel and depresses the foot lever, the position 
of the brake cylinder valve is changed, the large internal 
gear wheel is set free, and the rudder ceases to be 
moved by the engine, and yields to the pressure of the 
water, which tends to throw it back to its normal posi- 
tion. This force is transmitted to the rudder chain 
shaft, and so to the three spur wheels, which in turning 
carry with them the internal geared wheel without 
affecting the pinion on the engine shaft. The apparatus 
which we have described has been approved by the 
Admiralty, and is being fitted on board H.M.S Téméraire 
and on the s.s. Bessemer. 








LAUNCH OF THE * PEARL.” 
YESTERDAY week the second iron-built ferry-boat for 
the Thames Steam Ferry Company was launched from 
the yard of her builders, Messrs. Edwards and Symes, 
at Cubitt Town. The christening ceremony was per- 
formed by Miss Vickers, a daughter of the chairman of 
the Ferry Company, who was present, as well as Mr. 
Edmund Waller, the managing director, and a number of 
ladies and gentlemen. The Pearl is a similar vessel to 
the Jessie May, which was launched from the same 
yard about six months since. She is 82 ft. long, 42 ft. 
wide, 8 ft. beam, and has traffic accommodation for 
12 two-horse vans, besides passengers, her carrying 
capacity being 50 tons. She is built with rather finer 
lines than the Jessie May, and her engines, instead of 
being disconnecting like those of the latter vessel, are 
independent, so that either of the wheels can be stopped 
or started more rapidly than with intermediate gearing. 
The engines are inclined condensing paddle-wheel en- 
gines of 30 horse power nominal, collectively. They are 
being fitted by Messrs. Maudslay Sons and Field, and 
have 23-in. cylinders with 27 in. stroke, and with 85 Ib. 
steam are to make 40 revolutions per minute. The air 
pumps are 23in. in diameter with 1lin. stroke. There 
are to be two cylindrical boilers each having 166 tubes ; 
they are to work at 351b., and are to be tested to 90 Ib. 
per square inch. The paddle wheels are overhanging, 
10 ft. Gin. in diameter, with common floats. The boat is 
double-ended, with a hinged gangway at each end 
forming the bulwarks while crossing, and a connexion 
between the boat and landing-stage when alongside the 
wharves. After the launch, which was successfully per- 
formed, the visitors crossed the river to the Ship Hotel, 
where they partook of luncheon, at the invitation of 
Messrs. Edwards and Symes. 

Whilst in the yard of Messrs, Edwards and Symes we 
observed a boat of novel construction which that firm had 
just completed for Her Majesty’s transport service. It 
is we believe the first of the kind built for Government, 
and it is intended for transporting ten horses or two field 
guns across rivers or for landing them from large vessels 
on shallow shores. It consists of a boat 35 ft. 6 in. long 
by 10 ft. 6 in. beam, and 4 ft. deep. It is built of maho- 
gany in two thicknesses on the diagonal principle, with- 
out the ordinary keel. The bottom rounding up at both 
ends, and the boat being of very light draught, she can be 


run close into the shore. The horses or guns are taken on 
board and landed by means of a hinged piece, which, 
when closed or drawn up, forms a water-tight port in the 
stern of the boat, and when lowered forms a gangway 
from the boat to the shore. The bottom of the boat is 
strengthened by means of internal keels and iron floors, 
and it appears to be well adapted for its intended pur- 


pose. 








THE ASSIMILATION OF PATENT LAWS. 


At the Hague Conference, last year, of the Association 
for the Reform and Codification of the Law of Nations, a 
paper on “‘ Assimilation of the Patent Laws’’ of various 
nations, was read by Mr. W. Lloyd Wise, and referred toa 
committee, consisting of Mr. J. Hinde Palmer, Q.C. (mem: 
ber of the House of Commons Select Committees of 1871-2, 
on Letters Patent for Inventions), Messrs. H. D. Jencken, 
R. E. Webster, and Joseph G. Alexander, Barristers-at- 
Law, and Mr. W. Lloyd Wise. Atthe Bremen Conference 
on ber 26th ultimo, this committee presented the following 
report. 

We have had under our consideration the subject of 
assimilation of the Patent Laws of various nations, in con- 
nexion both with the paper of Mr. Lloyd Wise referred to 
us last year, and with the resolutions of the International 
Patent Congress, held at Vienna in 1873. A copy of the 
first three of these resolutions, excluding only some formal 
ones relating to a permanent committee which has practi- 
cally ceased to exist, accomaenres this report. We consider 
it to be abundantly established by experience, that it is for 
the commercial interest of every nation to grant protection 
inthe shape of patents to inventors. But in these times of 
international intercourse, the patent granted in one country 
may become to some extent a restriction, unprofitable and 
obstructive, if the same invention without limitation or 
increase in price becomes in an adjoining country common 

roperty ; although « country offering the protection of a 
Patent th. will usually obtain the earliest benefit of new 
inventions. Hence the wide-spread practice of patenting 
the same invention in several countries, and the necessity 
for assimilation of the Law of Patents in the different 
civilised states. Unless some common principle be agreed 
upon, it is evident that much of the benefit of patents will 
be lost, by their being granted in one country, whilst they 
are refused, or a oom wholly different conditions, in 
another. For by such inequalties, the reward by which 
the inventor is stimulated to exercise his ingenuity for the 
benefit of the commercial world at large is rendered pre- 
carious, and the stimulus mes less powerful. 

Influenced by these considerations, the Congress at 
Vienna in its second resolution, laid down certain principles 
as the basis of a model Patent Law, to which future legis- 
lation on the subject should conform. That Congress was 
a very influential and representative body, including many 
eminent patent lawyers, inventors, manufacturers, and 
other authorised persons from the different civilised states, 
and we do not think it would be advisable to depart from 
the general principles then laid down. We, therefore, re- 
commend that in any action taken by this Society in favour 
of the assimilation of Patent Laws, the Vienna resolution 
should be adhered to as a basis, though it may be necessary 
to supplement the principles there enunciated by some 
others. In particular, it may probably be found desirable 
to embody in the framework already sketched out, some 
suggestions to be found in Mr. Lloyd Wise’s paper, among 
which may be indicated (first), that the preliminary exami- 
nation mentioned in Clause C of the resolution already 
referred to, should be limited in its scope to the questions 
whether the specifications are clear, and whether the inven- 
tion is open to objection, as being contrary to morality or 
wanting in novelty, regard being had to prior publications ; 
(secondly) that an adverse report should not disentitle the 
applicant toa patent, except in cases of fraud, or where 
the invention is contrary to morality ; (thirdly), that if the 
applicant specifies the prior matter found by the examiners, 
and clearly defines what he, nevertheless, claims as his 
invention, no adverse report should be published. 

** At the present time there are two important countries 
which have no Patent Laws, Holland and Switzerland. In 
Holland, where a Patent Law existed until 1869, there is 
evidence that it was repealed because of its defects as a 
measure, and not because the principle of rewarding inven- 
tors in this way was considered objectionable per se. In 
Germany, a draft law founded on the 2nd resolution of 
the Vienna Congress is now under the consideration of the 
Government, for embodiment in the revised Code of the 
Empire. In England, a Bill for the modification of the 
existing Patent Law has been twice before Parliament, but 
has not yet been discussed in the House of Commons. It 
has met with great opposition from inventors, manufac- 
turers, and others. The Patent Laws of several other 
countries are far from conforming to the principles enunci- 
ated at Vienna; but, as far as we are aware, the only 
bodies which are doing anything to carry out the resolu- 
tions of the Vienna Congress are the committee in Ger- 
many which prepared the draft law just spoken of, and a 
committee in London of which Dr. C. W. Siemens, F.R.S. 
is chairman. 

‘* We therefore suggest that a committee be appointed by 
the Conference to deal with the subject of Patent Laws 
alone, with power to add to its number, and especially to 
invite the co-operation of persons who have already devoted 
themselves to this subject, and may be willing to join our 
association. That such committee be empowered to take such 
steps as they may think desirable in promoting the reform 
and assimilation of Patent Laws on the basis of the resolu- 
tions of the Vienna Conference, amplified by any additions 
they may consider necessary to the equitable working of 
the system, and in bringing the subject before the attention 
of the Governments and people of the various civilised 








states, including in particular those of Holland and Switzer- 


land. We hope that in this way a comprehensive and 
efficient committee may be formed, capable of satisfactorily 
dealing with this important practical question.” 


Copy of the First Three Resolutions of the Vienna Patent 
Congress. 

1. That protection of inventions should be teed 
the laws of all civilised nations, because : ewes y 

(a). The sense of right among civilised nations demands 
the legal protection of intellectual work, 

(>). This protection affords, under the condition of a 
complete specification and publication of the in- 
vention, the only practical and effective means of 
introducing new technical methods without loss 
of time, and ina reliable manner, to the general 
knowledge of the public. 

The protection of invention renders the labour of 
the inventor remunerative, and induces thereby 
competent men to devote time and means to the 
introduction and practical application of new and 
useful technical methods and improvements, and 
attracts capital from abroad, which, in the 
absence of patent protection, will find means of 
secure investment elsewhere. 

By the obligatory complete publication of the pa- 
tented invention, the great sacrifice of time and 
of money which the technical application would 
otherwise impose upon the industry of all coun- 
tries, will be considerablv lessened. 

| the protection of invention, secrecy of manu- 
acture, which is one of the greatest enemies of 

industrial progress, will lose its chief support. 

. Great injury will be inflicted upon countries which 
have no rational Patent Laws, by the native in- 
ventive talent emigrating to more congenial coun- 
tries, where their labour is legally protected. 

. Experience shows that the holder of a patent will 
make the most effectual exertions for a speedy 
introduction of his invention. 

2. An effective and useful Patent Law should be based 
on the following principles : 

A. Only the inventor himself, or his legal representa- 
tive, should be entitled to a patent. 

. A patent should not be ref to a foreigner. 

. It is advisable, in carrying out these principles, to 
introduce a system of preliminary examination. 

. A patent should be granted either for a term of 
fifteen years, or be permitted to be extended to 
such a term. 

. Simultaneously with the issue of a patent, a com- 
plete publication of the same should take place, 
rendering the technical application of the inven- 
tion possible. 

. The expense of obtaining a patent should be mode- 
rate ; but, in the interest of the inventor, a pro- 
gressive scale of fees should be established, in- 
ducing him to abandon a useless patent. 

. Facilities should be given, by a well organised 
patent office, to obtain in an easy manner the 
contents of the specification of a patent, as well 
as to ascertain what cre pe are still in force. 

H. It is advisable to establish regulations, according 
to which the patentee should be compelled, in cases 
in which the public interest may require it, to 
allow the use of his invention to all suitable 
plicants for an adequate compensation. 

I. The non-application of an invention in one country 
shall not involve the forfeiture of the patent, if 
the patented invention has been ied into 
practice at all, and if it has been rendered pos- 
sible for the inhabitants of such country to pur- 
chase and moke use of the invention. 

K. In all other respects, and particularly as regards 
the proceedings in the ting of patents, the 
Congress refers to the English, American, and 
Belgian Patent Laws, and to the draft of a 
Patent Law prepared for Germany by she Society 
of German Engineers. 

3. Considering the great differences in present patent 
administration, and the altered international commerci 
relations, the necessity of reform is evident, and it is of 

ressing moment that Governments should endeavour to 
ae about an international understanding upon patent 
protection as soon as ible. 

The report havi m discussed, the followi 

by Mr. H 


(c). 


(d). 


(e). 


~~ 


aw 


9 


ap- 


resolu- 
tion, proposed inde Palmer, and seconded by Mr. 
Alexander, was passed : 

‘‘That the report on the subject of patent right be re- 
corded, and that a committee be eee and consist of 
such members of the former committee as will consent to 
act, with power to add to their number such other mem- 
bers of the association as take an interest in the question.” 

It is expected that a very strong committee will be the 
result, and we-are reques to state, that the present 
members of the committee are very anxious to obtain the 
co-operation of manufacturers and others, who will join 
them in thoroughly going into the question. Sir Travers 
Twiss, who presided at the conference in Lord O’ Hagan’s 
absence, stated that the Vienna resolutions would only be 
considered as a basis on which to work, and that the new 
committee would not beat all bound by the particular de- 
tails contained in them. 








American Ocean Srramine.—The American steam 
ship City of Peking has just made what is regarded as a re- 
markable voyage from j apan to California. The distance 
between Yokohama and San Francisco is about 5000 miles, 
and the City of Peking steamed this distance ia 15 days, or 
about 14 knots per hour, The City of Peking is one of two 
large iron steamers recently built on the. Delaware for 
the China mail service of the Pacific Mail Steamship 





Company. 
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LOCOMOTIVE CRANE, 

Tue locomotive crane of which we publish a perspec- 
tive view on page 312, and more detailed drawings on the 
resent and page 313, was constructed by Messrs. Black, 
fowthern, and Company, of Newcastle-on-Tyne, and 
has been at work for about eight months at the Newburn 
Steel Works, belonging to Messrs. John Spencer and Sons, 
Newcastle-on-Tyne. These works are connected with the 
North-Eastern Railway by a junction line, and the engine 
is employed for hauling trucks between the works and the 
line, and for general shunting purposes. The arrangement 
of the crane is shown in the perspective view. It is adapted 
for lifting four tons, and is worked by two vertical steam 
cylinders, 6} in. stroke and 8 in. in diameter. The steam 
for working the crane is led from the steam boiler by the 
pipe shown in dotted lines, leading from the steam dome to 
apoint underneath the centre of the crane post; it then 
passes up through the centre of the post, and enters a 
bent pipe, one end of which works in a stuffing-box. By 
this pipe it is brought down to the cylinders, The crane 
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post is of wrought iron bolted to a cast-iron bed- 
plate attached to the engine frame. The jib is a 
plate and angle iron structure, and is balanced by 
an arm similarly constructed, and carrying at the 
end a heavy counterbalance weight, as shown. The 
arrangement of transverse bracing of the jib, and the 
position of pulleys is shown in Figs. 3 and 4, as well as 
the arrangement of driving pinion and spur on the chain 
drum. The locomotive with crane weighs 24 tons in 
working order, and will draw a load of 31 tons up a 
gradient of 1 in 33, the ruling incline of the line over 
which it works, or a load of 220 tons on the level, besides 
itself. The cylinders are 10in. in diameter and 17 in. 
stroke. They drive four coupled cast-steel wheels with 
steel tyres. The firebox is of copper, and the tubes 
brass. The working pressure is 150 1b. per square inch. 
The end of the framing carrying the crane is supported 
on a four-wheel truck, of which the crane post forms the 
centre around which it turns. A. lateral movement of 
12 in. is also allowed, to enable the engine to run freely 
round the 75 ft. curves upon the line. The various levers 
for working the crane are placed so as to be of easy access 
from the footplate, and are controlled by the same man 
who drives the locomotive. 





A New QUEENSLAND | Harpour.—There is a possibility 
of anew harbour being established at Mourilyan, 60 miles 
from Maytown, Queensland. 





Tux Brooxtyn Briper.—Rapid progress has been 
made in this work during the year. The anchorage and 
tower on the New York side of the river ars complete, and 
the work of getting the cables over is commenced ; the last 
of the masonry of the anchorage was completed in the be- 
ginning of September. Since August, 1875, no less than 

7,000 cb. yds. of masonry have been laid in this of the 
structure. The first ropes, }in. in diameter, and of steel, 
have been carried across the river and placed in position, 
and in the middle of last month a second steel rope, ba 
in diameter, was taken across. By this rope the three cables 
for the cradles and the two for the footbridge will be carried 
over. The latter are 2? in. in diameter and weigh 12 Ib. 

r foot. The tenders for the wire to form the cables have 

m applied for, and the work will be carried on vigorously, 
Lut rapid progress can scarcely be expected until next spring. 


CRANSTON’S AIR COMPRESSOR. 











We annex illustrations of a double air compressor, 
constructed on the plans of Mr. J. G. Cranston, of New- 
castle-on-Tyne. The compressor has one steam cy- 
linder, with one double-acting air cylinder on each side 
of it, the three piston rods being all coupled direct to the 
flywheel shaft without any intermediate gearing being 
employed. The advantage of this arrangement is that 
the working strains are equally divided on each side of 
the steam engine centre crank, which arrangement 
greatly reduces the wear and tear, and should an in- 
creased air pressure be required, double the pressure can 
be obtained with one cylinder, by simply lifting the suc- 
tion valves of the other air cylinder out of gear; while 
the steam cylinder crank being set almost at right angles 
to the cranks of the air cylinders, the most effective 
power of the steam cylinder is obtained at the point of 
the greatest compression in the air cylinders. 

Each air cylinder has two gun-metal suction and de- 
livery valves bolted closely thereon, the casing of the 
suction valves and the valves themselves being overhang- 
ing and fixed tothe side of the cylinder. They are pro- 
vided with water cups close to the inlet, so that a bead of 
water constantly surrounds the valves keeping them 
cool, and providing at the same time a certain quantity 
of water to the air cylinder which acts as a lubricant 
and packer between the piston and valve spaces as it is 
alternately drawn in by the action of the piston, so that 
almost the whole of the compressed air is delivered into 
the air receiver at each stroke of the piston. 

The delivery valves are bolted on to the cylinder top 
at right angles to the suction valves, and are completely 
immersed in water, so that they are not affected by the 








heat evolved by the compression of the air. The valves 











are nearly of the shape known as the mushroom valve, 
and are made with spherical facesfas shown. Their 
arrangement will be best understood by referring to the 
section, Fig. 2. 

In some cases these compressors are driven by water 
power, being geared from a turbine or other hydraulic 
motor. They can be run at a very high speed when re- 
quired, the valves acting with the greatest certainty at a 
presssure exceeding seven atmospheres. The whole of 
the machinery is firmly mounted on a strong cast-iron 
bedplate, so that little or no foundation is required. 
When required for mountainous districts, where the car- 
riage on road is difficult, the bedplate is reduced in 
weight, in order to facilitate the carriage. 

These compressors were designed some years ago, 
chiefly for the driving of Mr. Cranston’s rock drills and 
coal cutters, and are now extensively used for the driving 
of various pneumatic machines. They have been sup- 
plied to Messrs. Bell Brothers, Middlesbrough, the 
Barrow Hematite Iron Company, the Roddempfell Lead 
Mining Company, Cumberland, the London Lead Mining 
Company, Middleton, in Teesdale, &c., and some of them 
have recently been shipped for the United States of 
America. 








THAMES TIDES. 
To THE EDITOR oF ENGINEERING. 

S1r,—You gave in your last number a précis of the last 
report of the Thames Conservancy Board, and the great 
public, nay imperial, interests involved in a watchful and 
providential care of the national agents which are the 
carriers of the greatest commerce the world perhaps ever 
saw, cannot be too insistently pointed out, more especially 
when we reflect that the leviathan commerce of this, the 
first port of the empire, now largely exceeds for the annual 
exports and imports of foreign poe 4 the wonderful quantity 
of over eight millions of tons. This is the more startling 
when attention is drawn to the fact that twenty years 
back this quantity was less than one-half the present steadily 
yearly increased amount. 

The river in effect may be compared to the London 
and North-Western, or any great railway line, as the 
facility with which it does its work must largely depend on 
the guidance and development of the national sources of 
power which make the river the great national carrier of 
this huge commerce. 

From an early period, road or bridge engineering and 
river conservancy have been antagonistic, as notoriously ex- 
emplified by the Tiber, the Clyde, and the Thames, and the 
old metropolitan bridge across the latter which for seven 
centuries had gauged the stream and influenced the arterial 
communication throughout the metropolis, affording as it 
did the only means of communication between the cities of 
London pom Westminster and Southwark and the southern 
counties, as well as damming up the river above by its 
massive piers and starlings, when removed gave free vent 
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HANDYSIDE’S LOCOMOTIVE FOR WORKING STEEP GRADIENTS. 
CONSTRUCTED BY MESSRS. FOX, WALKER, AND CO., ENGINEERS, BRISTOL. 
(For Description, see Page 325.) 





to nature’s great engineering agent the tide, resulting in 
an increased range during the present century of nearly 
6ft., or an addition of something like 40 per cent. to the 
tidal volume of water flowing up above the bridge, added 
to by the lowering of low water as also the raising of high 
water above bridge. 

These facts can hardly too much be dwelt on when we 
consider the work the river has to do, but it is remarkable 
that the actual hydraulic condition of the stream is little 
understood even amongst those connected with this great 
vehicle of commerce. 

How few could state with certainty what is the elevation 
of the surface at high water in the Pool of London as com- 
pared with the sea at the estuary, and to decide which 
Colonel Lloyd, R.E., was engaged in 1830by the Admiralty, 
who with very elaborate, expensive, and heavy instruments 
aimed at certain results, all of which were duly chronicled 
in the “‘ Philosophical Transactions of the Royal Society”’ in 
1830. But an examination of the Admiralty Annuai Tide 
Tables extending over the last half century shows that the 
results attained by Colonel Lloyd (as regards high water) 
were very much under the truth ; in effect the difference at 
high water instead of being, as stated by him, from 2 ft. to 
3 ft., is in reality 4 ft. to 5 ft., and this latter quantity was 
reached during the last autumnaiequinox. This, however, 
is not exceptional, and has and been even exceeded 
during the last thirty years by many tides; in effect the 
London elevation at high water has also ually increased, 
and the low-water depression correspondingly, so much so 
that the low water difference, instead of being 20 in. higher 


in London, as in Colonel Lloyd’s time, may now be broadly 


stated as 5in for the entire year and lowest in London, 
and this difference increases at times up to 2 ft. 
_ The high water difference is in many other 
ape mo stake, for Lag dag ayers which at 
mouth at Maniconagan Bay . Spring range, 
which increases to 18 ft. at Quebec, over 200. miles. At 
Runcorn, 25 miles above Liverpool, the elevation is 4 ft. in 
the high water surface. The distance by water from 
London to Sheerness, I may add, is 48 miles. 
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The recent autumnal y nym has passed without any 
unusual elevation of tide. the 19th of seer ultimo 
the highest calculated tide of the year rose at Harwich P.M. 
8 ft. 9 in. above the Ordnance Survey datum of mean sea 
level at Liverpool, or 6 in. above an i spring tide 
equivalent to 8 ft: 9 in. below our London Trinity standard 
of mean —_ water springs, which is 12 ft. 6 in. above 
Ordnance datum. 

At the London Docks at the old Shadwell entrance tides 
gauge, as observed by Captain Maitland, the dock-master, 
the same tide rose 1 ft. 7 in. above Trinity, or 1 in. only 
a than the calculated height in the Admiralty Annual 
Tide Tables. So that the London high water was 5 ft. 
4in. higher than at Harwich. 

At Sheerness the same tide rose 7 ft. 9 in. above the zero 
of gauge at the Basin entrance, which zero is half tide level 
—this is 3ft. 6 in. below London Trinity staudard, which 
latter is 11 ft. 3 in. above the Sheerness zero—so that the 
London high water was 5 ft. 1 in. above that at Sheerness, 

The a.m. low water of the 21st of September ult. was 
20ft. lin. below Trinity standard at Sheerness, and 
20 ft. 6in. at the London ks, or 5 in. lower in the Port 
of London. 

These phenomena are by no means rare or exceptional 
and only show how wonderfully improved and deve 
are the tidal conditions of the Port of London. They are, 
however, even when —— stated and illustrated by con- 
tinued observations at public establishments, dou or 
questioned by many. To test them it is only necessary to 
examine the Admiralty Annual Tide Tables, where we find 
that from a series of careful observations extending over 


the last half century that the mean pm by Fe dy t 


Sheerness is 16 ft., and in the Port of in. ; 
the difference 4 ft. 8in., therefore, the elevation 
of the surface of the water due to the narrowing of the 
rio ond tine 5 th hee ag, the remain 

ow in. as the low wa ‘. - 
ing 4ft. 3in. represents the average elevation of the London 
high water above that at sea, in many cases exceeded by a 
foot and more, as we see in the equinoctial springs. 


IMMA ULT. 


The subject is of importance when we consider the enor- 
mous development of the commerce of the Port of London. 
The comparatively low elevation of high water during the 
post equenen, yueSuscnlieey, to the absence of wind ; had 
a gale from N.W. prevailed, the London river might have 
been raised a yard vertically above its normal condition, 
instead of only 1 in., as we experienced in March, 1874, and 
in November, _ - 
am, Sir, yours truly, 
J. B. Repman, Mem. Inst. C.E. 





GLASS FROM BLAST-FURNACE SLAG. 


To THz Epiror oF ENGINEERING. 


S1r,—I trast you will it me to make a few observa- 
tions on the letter nigned  Cyelops" in your impression of 
last week, on the subject of my paper read at the late 
meeting of the Iron and Steel Institute at Leeds. Inthe 
first place I may state that I have no reason to complain 
of the tone of your correspondent’s remarks, and I shall 
certainly endeavour to follow his example of courtesy; I 
must, however, point out that the intimate knowl he 
displays of glasshouse terms and the commercial d of 
the black-bottle manufacture, whils it justly entitles him to 
be heard as an authority, it, at the same time, suggests the 
idea that he may not be in a favourable position for judging 
quite dispassionately of a question which possibly involves 
ae very important changes in the business of the glass- 

er 


The general conclusion ‘‘Cyclops”’ a) to have arrived 
at is that the fused slag refuse, now a burden on the iron- 
master, is not worth utilising, because the materials of 
black-bottle glass are not costly, and it takes only about 
a ton and a of fuel tomake a ton of bottles. The 

icular kind of glass he refers to, made with rock salt, 

the very lowest quality made. He says it is composed 

merely of lime, salt, sand, and clay ; and adds, ‘* it will be 

seen that, with the exception of the lime and salt, the ma- 
terials are as much a as the slag.”’ 

This surely is incorrect, for the former have to be sought 
after, — he a to = pe ge away at very con- 
siderable expense. suppo. is view your corre- 

lent forward certain res, and on these I 
8 venture to comment. The ted cost of finished 
wine bottles is stated to be “ within a fraction of 11d. per 
dozen,”’ or 11s. per . Now the nt wholesale price 
in London is about ; and during the coal famine in 1874 
it was no less than from 31s. to 34s. ; showing certainly a 
good profit, with a turn over several times a year. 

This 11s. per gross is said to ee ogy A 8s. 6d. per 

for making the bottles, and only 2s. 6d. gross for 
meals and fuel; the latter being just 22.72 per cent. 
of the former, and this must a that proportion of 
the prime cost of the whole a uce of the works ; if then 
he ter part of this could be saved it would make no 
small difference to the balance-sheet of the year. It seems 
to me, however, that there must be some error in these 
, and that the difference would be much greater than 

is. Glass-blowers are invariably paid by piecework. 
They earn large wages, and I know that the actual cost of 





plowing and finishing the bottles in question is just 4s. 3d. 
gross, and I cannot see what ‘here saiialie te be deo 
| Befceethey are sold, which can possibly bring up the cost to 
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twice this sum as stated by ** Cyclops,” including office ex- 
penses and the plant, which is not of a costly character, 
uires no expensive machinery. 
hatever the required materials may be they cannot be 
had for nothing. They must be bought, moved, dried, 
mixed, and then moved again into the furnace. If then I 
can obtain them for nothing already melted by merely 
pulling out a plug and letting them run into my tank, 
surely this is better then sending, as ‘‘ Cyclops’’ would do, 
jue 4 pe for hig Tina, and. - i his and and ne 
rom the river, and getti is alumina by collecting the 
refuse of neighbouring brickyards. If the materials 
cost so little, and it takes so little coal to melt them down, 
perhaps ‘‘Cyclops’”’ will explain how it can be worth 
while for the bottle-makers the North to pay from 20s. 
to 25s. per ton for old broken black bottles to work up 
again. They can only be looked on as so much material to 
be melted down, and if it could be made for less on the spot 
would it be collected, as it now is, in carts all over London, 
then stored, and moved again as wanted into lighters, 
afterwards to be transhipped to Yorkshire, Durham, or 
even Glasgow, then moved again to the glassworks, then to 
be carefully sorted from old iron scraps or other injurious 
rubbish, and finally moved into the melting pot ; yet 
the quantity of this “ refuse’’ sent out of the Thames I am 
told amounts to Pa | thousand tons a year. 
Assuming the to’ rime cost of the bottles to be, as 
stated, 11s. per gross, f think it would be nearer the truth 


to divide this sum as follows: For the blowing and finish- 
ing them 4s. 3d. per gross ; this cannot be disputed ; for all 
other expenses 2s. 3q., making 6s. 6d. per gross common to 
any system of manufacture ; thus saat 6d. per gross for 


fuel, ca , cost of materials and labour in mo and 
preparing them ; this would be nearly 41 per cent. of the 
total cost, agers me | over the whole produce of the works, 
andof this probably more than three-fourths might be 
saved by utilising what the ironmasters offer me for nothing. 

The question I have raised is not, however, to be discussed 
only in reference to the making of common black bottles. 
I have shown that glass of very superior quality to this can 
be made from slag, for which river mud and brickyard 
rubbish cannot be employed; or in other words, the ma- 
terials in the furnace re’ really represent lime, which 
to the glass-maker is worth about 20s. per ton, sand of a 
quality such'as few can put into their furnaces for less than 
10s. or 12s. og ton, and other ingredients, far more 
valuable, which serve as fluxes; and in addition to this, 
they are in a state of combination, and retain a surplus of 
heat beyond their own point of fusion So far from 
**Cyclops’’ being correct in stating that the Cleveland slag 
is wholly unsuited for my purpose, I may state that within 
the last few days I have tes’ several samples, and made 
glass of it, which for colour and clearness is scarcely, if at 
all, inferior to the best window glass. 

It certainly is less silicious than some other slag, but, 
probably in conseq.cnce of this, it is more free from iron, 


and that is all I cure for, becaus» it is easy to add whatever | molecules of matter direct to the ether. 
Why | termed “ heat’’ is due to the action of waves coming from 


silica is needed to make up the proper proportion. 
oy corre pond nt should pointedly ask me if I had ever 

ad “‘to fix raw sand in fluid glass,” I know not. He 
ought to know that made glass has already in it sufficient 


and | the devel r 





In the case of gravity, for example, the effect observed is 

t of motion, the ion of approach of two 
masses. The one fundamental explanation required in 
physical science is, therefore, the explanation of the 
development of motion. If, therefore, we had not to ex- 
plain the development of motion, or if it were not necessary 
to give a rational insight into the process by which motion 
is developed, we should have to explain nothing at all. To 
put forward, therefore, a theory (the theory of ‘‘action at 
a distance’’) which could assume that no rational insight is 
required into the mode of development of motion (such as 
the motion of approach of two masses in the case of 
gravity), would be to put forward a —— which, if 
aim | out in its entirety, would assume that no explanation 
was required for any physical effect whatever, since all 
physical effects are effects of motion. The fact of the case 
seems to be about this, that explanations are given when 
they are found, and assumed not to be necessary when there 
is a difficulty in finding them. 

I would refer briefly to the use of the term “‘ law” by your 
correspondent. This term is frequently abused. Your 
correspondent would assume that it is sufficient to say that 
gravity is a “law” of nature, and that thereby an explana- 
tion is rendered eee, Now anything may be said 
to be a “‘law of nature.”’ If therefore the reference of any 
physical effect of motion to a ‘law of nature” were all that 
was required, we should have to explain nothing. The 
** attraction” or tendency exhibited by a mass to approach 
a vibrating tuning-fork might be said by this s of 
reascning to be a ‘‘law of nature,” and therefore not to 
require an explanation. The diffusion of a heavy gas 
through a light gas in opposition to its weight might be said 
on this principle to be a “ law of nature,” and not to require 
an explanation. By this mode of argument it might be urged 
that because it is said to be a “property” or “law” of 
light to diminish in intensity as the square of the distance, 
it is not necessary to <n this or to set forth the process 
involved. It is assumed that a thing is a “‘ law of nature,” 
or it is first assumed that a mass of matter has a “ pro- 
perty”’ of doing something, and therefore it is ed the 
mass does it. Could anything be more obviously fallacious? 





Of course a mass of matter may be readily assumed to have | Tu 


the “ property” of doing anything however incredible—as 
instanced by the assumption that it can put a mass of 
matter in motion external to it without any physical con- 
nexion between the two, and adjust its action as the square 
of the distance without any mechanism to regulate it. By 
the theory of “‘ action at a distance,” a thing is assumed to 
be practicable without any conception of the means by which 
the end is to be attained—which could alone form a logical 
basis to support the assumption. Surely the fallacy in- 
volved in such a system of reasoning must be apparent to 
any one reflecting on the subject. 

In reply to the letter of your Baden Baden correspondent, 
I would explain that he is under a misapprehension im as- 
suming that I refer the motion of heat developed in the 
This motion 


the swn, as indeed is a generally accepted fact, which I think 
your correspondent will see on reconsidering the question. 
The vibratory motion of molecules on the earth’s surface 


silica, and, therefore, will not dissolve more ; but fluid slag | termed “‘ heat’’ would not exist at all, were it not for the 


is deficient in this, and is therefore so basic that in the | action of the sun’s rays. 
addition of sand t.e silics and slag stand in the mutual re- | 


lation of fluxes, and will combine to form a compound more 
fusible then either substance alone. 

In conclusion I would observe that although a vei y large 
quantity of this furnace waste may, as I believe, be utilised 


The molecules of matter are 
thrown into vibration by the waves of heat emitted by the 
sun, much as larger scale masses are thrown into vibra- 
tion by air waves (waves of sound). Just as air waves 
(waves of sound) of various periods falling upon masses of 
matter, throw them into vibration or ‘‘ resonance,’’ so the 


in the form of glass bottles of all kinds and colours, as well | ether waves (waves of heat) coming from the sun and fall- 


as other utensils, this is not equal to the quantity which 
be turned to account for sheet and rough plate glass, 


ma, 
pon § as is used for railway stations; but both these to- | 


gether, I think, will not come up to a tittle of what may be 
utilised when, with proper machinery and appliances, it 
may be rolled into black or other coloured roofing tiles, less 
costly than slates, and like them suitable for any part of 
the world. 
I am, Sir, yours obediently, 
BasHLEY BRITTEN. 
Red Hill, Surrey, October 10, 1876. 








ORIGIN OF MOTION, 


To rue Epiror oF ENGINEERING. 


S1r,—The letter of your correspondent, Mr. Sheward, in 


your last number, assumes that i} has been proved that 


gravity requires no time to be trarsmitted to a distance, | 


and draws therefrom the, of course, obvious assumption 
that a mechanism or medium cannot be concerned in propa- 
gating gravity. Now the very fact that the most advanced 
minds of the present da 
chanism of gravity, itself demonstrates no proof of 
transmission without time exists. Your correspondent 
would not imagine that this elementary and obvious ques- 
tion of time had been overlooked by Newton and other 
eminent scientists. As regards this subject, Sir William 


Thomson remarks regarding Professor Guthrie’s experi- | 


ments on attraction produced through vibration, ‘ that 
the results belong to a class of phenomena to which we 
may hopefully look for discovering the mechanism of mag- 
netic force, and possibly also the mechanism by which the 
forces of electricity and gravity are transmitted.”’ As 
Professor Lovering truly remarks (Silliman’s Journal, 
October, 1874), ‘‘ The turning point between the old physics 
(i-e., the physics of “action at a distance’’), and the new 
physics was reached in 1837, when Faraday published his 
experiments on the specific inductive capacity of sub- 
“if any sdditional red to sh 

a itional argument were requi show the 
iMlogical character of the theory of “action at a distance,” 
it would be found in the following consideration. It is very 
rally conceded that all physical phenomena are 


gene! 
phenomenn of motion, whether of masses or of molecules. 


| produce effects of ‘‘ attraction’ and ‘‘ repulsion,”’ 


are camer Byes the me- | 
that 





ing upon the molecules of matter on the earth’s surface, 
throw these molecules into vibration (or ‘‘ resonance,”’ so 
to speak in analogy). The mere size of a body can make 
no distinction in the reasoning. The small size of the mole- 
cules adapts them to take up the rapid periods of the waves 


| of heat, the large size of visible masses adapts them to take 


up the slow periods of the waves of sound. In the one case 
waves of ether act upon the body, in the other case waves 
of air. Just as vibrating visible masses are observed to 
so the 
smaller scale vibrating masses (termed ‘‘ molecules’’) must 
be capable of producing similar effects, more intense in 
proportion as the known enormous intensity of the vibra- 


| ting energy of molecules exceeds that capable of being arti- 
| ficially produced in masses. 


By a reference of the molecular actions (‘‘ attractions” 
and ‘‘ repulsions’’) to the molecular vibrations, it follows 
that by the cessation of the molecular vibrations (or at the 
‘absolute zero of temperature’’), all molecular action 
would necessarily cease. If a mass of matter could be re- 
moved to a vast distance from the sun therefore, the 
‘**eohesion’’ of its molecules would be enfeebled or cease 
(on their ceasing to vibrate). The vast quantity of disin- 
tegrated matter known to exist in space as meteoric dust, 
&c.—some of these meteoric bodies being known to recede 
to vast distances from the sun— may, therefore, be worth 
taking into account in connexion with these considerations. 

Your correspondent is so far right in assuming that I 
refer all motions ultimate’y to the motion enclosed in the 
ether. It is a very generally accepted conclusion among 
physicists that the approach of matter under the action of 
** gravity’’ was the original cause concerned in developing 
the sun’s heat. Now by the rejection of the theory of 
** action at a distance,” ‘‘ gravity’’ must itself be referred 
to the action of a physical agent, i.e. to the action of the 
external medium or ether. The ether, therefore, as the 
agent concerned in “‘ vity,’’ was thereby the nt con- 
cerned in developing the sun’s heat. The ether, therefore, 
as the source of the sun’s heat (a source of the sun’s rays) 
was thereby the ultimate source of the motion of the mole- 
cules on the earth’s surface termed “ heat ;” though the 
direct source of this motion is the sun’s rays. By a refe- 
rence of the sun’s heat to the ether as an original source, the 
anomaly of thesun wasting its heat unrequited into space 





is got rid of ; for the sun in pouring its stores of heat into 
the ether is only returning its accumulated store of molecular 
motion to the source whence it was derived. 

Tue WRITER OF THE ARTICLEs. 


“A REMARKABLE MARINE ENGINE.” 
To THE EpiIToR oF ENGINEERING. 

Srr,—I am amazed, I am astounded at the discove 
your contemporary has made in America 
(see his article with the above title last week), and I am sure 
every one will be only #6 glad to receive some further in- 
formation regarding the and wonders seen in the West. 
I presume however it mist have been his spectacled employé 
who saw the many “ —_—— engines with 50 lb. receiver 
pressure’’ on this side the Atlantic. There are some 
things, however, which atenot quite clear about the American 
marine engines he describes. How do they get ten furnaces 
6 ft. long into the two boilers of the New Orleans, or is this 
likewise an improvement? The meanspeeds onthe average 
runs of the New Orleans, Knickerbocker, and Hudson are 
respectively 12.5, 12.7, and 12.7 knots, while the average 
speeds of the propellers are 1200 ft., 1260 ft., and 1298 ft. per 
minute. Howis this? Or have our Yankee friends con- 
trived a ‘‘ negative slip’ screw? The indicated horse power 
of the New Orleans has been omitted by a “slip of the pen’”’ 
probably, but assuming the Knickerbocker to develop 820 
and the Hudson 1300, the onan of fuel per indicated 
horse power per hour would be 1.93 Ib. and 1.30 Ib. respec- 
tively, or the one burns nearly 50 cent. more than the 
other, Whereis the difference to be found? 

I remain, 





Bunxkum. 





American TrLEGRAPHY.—The Western Union Tele- 
graph Company purchased the stock of the American 
elegraph Company. This latter company has for some 
years had about miles of line in Michigan and Indiana. 


HEALTH AND Sewace or Towns.—A meeting of the 
Executive Committee of the Society of Arts in connexion 
with this subject, has been summoned for 12 o’clock on 
esday, the 24th inst.; and an invitation has been 
addressed to the surveyors and medical officers of health of 
the vestries and District Boards of Works of the metropolis, 
asking them to attend, to meet the Committee, and confer 
with them on the house drainage of the metropolis. 


Tue Lars Mr. ALEXANDER Wrtin—We regret to 
record the death on the 3rd inst., at Yokohama, Japan, of 
Mr. Alexander Wylie. Mr. Wylie served his apprentice- 
ship with Messrs. Murdoch, Aitken, and Co., engineers, 
Glasgow, whose business is still carried on by Messrs. Rait 
and Lindsay, and he was s in the service of 
Messrs. Caird and Co., marine engineers, Greenock. From 
their works he was engaged, about the ycar 1842, by the 
Royal Mail Steamship Company, in whose service he re- 
mained for the long period of 23 years, during the last 
sixteen of which he occupied the position of chief engineer, 
while he held an extra first-class certificate as a marine 
engineer from the Board of Trade. In 1865 he accepted the 
appointment of dock-master to the St. Thomas Floating 
Dock Company, whose dock unfortunately sank in 1867, and 
afterwards he commenced business as consulting engineer and 
iron merchant in Yokohama, where he died suddenly on the 
third day of this month, as advised to London by telegraph. 
We have no doubt he was held in the same esteem in Japan 
as he was in Southampton and the West Indies, as a kind, 
warm-hearted man, and one of the few remaining of the band 
of first-class mechanics who in the earlier days of steam 
navigation, when the Royal Mail Company, the Cunard 
Line, and the Peninsular and Oriental Steam Navigation 
Company were in their earliest stages of existence, did good 
service in establishing those grand fleets, which have done 
so much in promoting the prosperity of Great Britain. 
Mr. Wylie was 57 years of age when he died, and onl 
enrvived’ the loss of his wife, to whom he was much attached, 
about nine weeks. , 


YORKSHIRE COLLEGE oF ScreNcE.—The opening for 
the session of this college for the study of science and its 
application took ¥ at Leeds last week under the pre- 
sidence of Mr. W. B. Denison, M.P., supported by Sir 
Andrew Fairbairn, Lord F. Cavendish, Mr. Baéren, M.P. 
and other gentlemen. In his opening address the chairman 
stated that the college had many difficulties to contend 
with, but by the energy of Lord F. Cavendish these had 
been overcome. The college had been established after the 
model of Owen’s College at Manchester, and at the present 
time the number of students at the Leeds College exceeded 
that of its prototype when the latter had not been long 
established. After the delivery of the prizes Lord F. 
Cavendish made some remarks on the general position and 
the future of the college, stating that its past progress had 
equalled the most sanguine expectations. The number of 
students had doubled themselves in its second year, and 
the entries for the present session were in excess on those 
of last year. Through the liberality of Mr. Salt, a chair of 
geology and engineering had been established. In regard to 
financial matters, subscriptions were announced at the 
meeting which completed the fund of 10,0001. started at 
the inauguration of the college last year, and made an entire 
amount of subscriptions up to 38,0001. The past expenses 
exceeded the income, and the expenditure for the current 
year was estimated at 3000/., but owing to some arrange- 
ments that were in progress with the Endowed School 
Commissioners and the Clothworkers’ Company of the City 
of London, the future, financially speaking, seemed to be 
very promising. Indirectly, this college affords an in- 
stance of the value of the City of London’s Companies in 
fostering technical education, and we sincerely hope that 
the recent example set by the Clothworkers, Grocers, an 
other guilds in London will in a similar manner be well 
followed out by others. 
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NOTICE TO AMERICAN SUBSORIBERS. 

We beg to announce that we have appointed Messrs. Miller and 
Smith, 43, Exchange Place, New York, the sole agents for 
ENGINEERING in the United States, and all subscriptions for the 
United States will in future be payable to them. essrs. Miller 
and Smith are also prepared to receive advertisements for 
ENGINEERING, and will afford full information as to terms, &c., 
on application. 








THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr, JoHN BoGart, the 
Secretary of the Society of Civil Engineers at the Cen- 
tennial Exhibition, will, until the close of that Ex- 
hibition, act as the representative of ENGINEERING, and 
communications relating to editorial matters may be 
addressed to him either at the Society of Civil Engi- 
neers’ rooms at the Main Building of the Exhibition, or 
at 1100, Girard-street, Philadelphia. 
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CONTINUOUS BRAKES. 

A YEAR ago nearly everybody interested in railway 
working was looking forward to the speedy publica- 
tion of the report of the Royal Commission on Rail- 
way Accidents. The elaborate series of experiments 
arranged for the benefit of the Commission by the 
Railway Companies’ Association had been carried 
out near Newark in the June previous, and it was 
scarcely anticipated that in such a matter any un- 
reasonable delay would take place in the publica- 
tion of an official report of the results. The 
numerous accidents of the previous year, several of 
them very serious, and many of them decidedly pre- 
ventable by proper brake power, had at the time 
of which we are speaking called the attention of the 
public prominently to continuous brakes; but while a 
strong general feeling existed that railway com- 
panies should be compelled to provide more efficient 
brake pee than hitherto, it was felt that it 
would be unjust to urge them to specific measures 
at the time when the publication of a report on the 
whole subject by a Royal Commission was pending. 
The railway companies themselves, on the other 
hand, naturally desired to hear what the Royal 
Commission had to say before taking definite action 
and deciding upon the adoption of any particular 
system of brake, and thus the knowledge that the 
report of the Royal Commission was in preparation 
acted for the time as a direct check to the adoption 
of improvements in our railway working. That this 
state of affairs existed cannot possibly have been 
unknown to the members of the Royal Commission, 
and it was simply their duty, considering the import- 





ance of the interests at stake, to do everything 
possible to avoid delay in setting their conclu- 
sions before the railway world. What, however, are 
the facts? Sixteen months have now elapsed since 
the brake trials were carried out near Newark, and 
yet no report whatever—not even a bare statement of 
results—has been issued by the Royal Commission. 
In the mean time accidents have occurred, and lives 
have been lost simply because the trains concerned 
have not been provided with suflicient brake power 
—a brake power which would have in all probability 
been provided had the Royal Commission acted 
with the decision which it ought to have shown. 
Even now, after all this delay, no one seems to know 
when the publication of the report may be expected. 
That the results of the brake experiments were 
worked out and tabulated, and the report of the 
engineers upon them prepared and in type long 
before the end of last year, we know for a fact, but 
why this report should be withheld from publication, 
and the railway companies deprived of the iaforma- 
tion to which they are so fairly entitled, after the 
trouble and expense they went to in the mattér of 
the brake trials, we are utterly at a loss to com- 
prehend. It is undoubtedly true that the results of 
the various experiments were reported by us and by 
other journals, but this in no way affects the 
question at issue. It must be remembered that 
our results were founded on independent observa- 
tions, and although we have every reason to believe 
them strictly accurate, they necessarily do not bear 
the official stamp of those made by the engineers 
acting for the Royal Commission. Moreover, what 
the railway companies wish to know— and what 
they had an undoubted right to know long ago—is 
the opinion formed by the Royal Commission on the 
matter, and their conclusions as to the conditions 
which a continuous brake should fulfil, Owing to 
the delay of the Commission—a delay which we 
cannot but regard as most reprehensible under the 
circumstances—these conclusions are still wanting, 
and altogether the action’ of the Commission, in- 
stead of accelerating the general adoption of con- 
tinuous brakes as it ought to have done, has un- 
doubtedly delayed it. 

Matters being thus at a dead-lock as far as the 
Royal Commission is concerned, let us consider 
what has been done by the railway companies in- 
dependently. And here we may say that there are 
two different sets of conditions under which con- 
tinuous brakes have to act. The one set of condi- 
tions are those which exist in the case of trains 
running at moderate speeds and making very 
frequent stops, such for instance as the trains on 
the Metropolitan and North London Railways and 
other lines having a heavy local traffic. On some 
such trains the stops made per day have to be counted 
by hundreds, and the durability of the brakes is thus 
severely tried; but on the other hand the stops are 
rarely made elsewhere than at the regular stations 
or signals, and as the drivers or guards are on the 
regular look-out for these stoppages and know 
beforehand when and where the brakes have to be 
applied, great promptitude in the action of the 
brakes, although undoubtedly very valuable, is of far 
less importance than in the cases where the brake 
has to be applied unexpectedly. The second set of 
conditions to which we have adverted are those 
which exist in the case of our express trains travelling 
at very high speeds and making very few stops. In 
the case of these trains the great value of continuous 
brakes consists not in saving half a minute or so in 
making a stop at a station, but in enabling the 
train to be pulled up quickly in the event of unex- 
pected danger, and it is under such conditions that 
promptness of action of a brake becomes invaluable. 
We have on former occasions called special attention 
to the fact that this quality of promptness is an 
absolutely essential qualification of an efficient brake 
for high speed trains, but it is so common to hear 
of a few seconds’ delay in getting a brake to work 
spoken of as of comparatively small importance that 
we shall be justified in dwelling somewhat on the 
point. What we wish to be thoroughly appreciated 
by railway managers is the fact that in the case of 
fast trains every second’s—or even every half 
second’s—delay in making a stop is a matter of real 
importance, A few figures will perhaps make this 
clear, 

A train weighing 200 tons, and moving at the 
rate of 60 miles per hour has stored up in it an 
energy of 24,050 foot-tons, or in other words, it is 
capable of striking a blow equal to that which would 
be exerted by a weight of 24,050 tons falling one 
foot, or by the whole weight of the train falling 





1204 ft. Let us now imagine this train to be fitted 
with a continuous brake capable when fully applied 
of exerting a retarding force equal to 17} per cent, 
of the weight of the train (an amount well within 
that obtainable in all ordinary states of the rails) 
and let us consider what might happen if an obstacle 
was suddenly discovered on the line 800 ft. ahead. 
In the first — a delay of but 9 seconds would 
cause the brake to be applied only 8 ft, before reach- 
ing the obstacle, and the latter would thus be 
struck by the train with its full force, and with 
results which may be imagined. With a delay of 
six seconds the train would strike the obstacle with 
a force of 14,530 foot-tons, equivalent to dropping 
the train 724 ft., while with a delay of three seconds 
the measure of the blow would be 5790 foot-tons, or 
equivalent to dropping the train 29 ft. Again with 
a delay of two seconds the striking force would be 
2210 foot-tons, or equal to dropping the train about 
11 ft., while if the delay is one second only the train 
would be brought to a stand in 775 ft., and thus 
clear the obstacle and with 25 ft. to spare. Ata 
speed of 60 miles per hour every second’s delay on 
the application of the brakes means that the train 
will run 88 ft. further than it would have done had 
there been no loss of time, and it needs very little 
experience in railway accidents to learn the value of 
these 88 ft. distances, - 

When the above facts are considered, it is scarcely 
possible to doubt the paramount importance of the 
prompt—or we may say instantaneous—action of: 
brakes applied to high-speed trains, But it is not 
sufficient that the brake should act promptly when 
it is applied ; the means must also exist for apply- 
ing it readily and without loss of time. Of those 
in charge of the train, the driver is, as a rule, the first 
informed of danger, and we therefore regard it as 
absolutely essential that he should have the power 
of applying the brake. But while the driver is 
generally the first to receive warning it is not 
always so, and we hold that the guards at any part 
of the train should have the power of applying the 
brake when they deem it necessary todo so. More 
than this, there are certain classes of accidents — 
the breaking away of part of a train for instance— 
where a failure actually occurs before either guard 
or driver receives warning, and to meet such cases 
we advocate the automatic action of the brake in the 
event of any of the connexions between the vehicles 
being severed. The value of this automatic action 
has been twice prominently shown lately on the Mid- 
land Railway, where the Westinghouse automatic 
brake is in use. In the first instance an express 
passenger train came into contact with some goods 
wagons which had been thrown foul of the line 
on which the express was travelling just as the 
latter train reached the spot, one of the first effects 
of the shock being to break the air pipes on one 
of the front vehicles, and thus at once apply all 
the brakes throughout the train; and thereby miti- 
gate the effect of the collision. The second in- 
stance occurred at Leeds, where the Scotch express 
came in contact with a North-Eastern train at 
a junction, the collision causing the engine of the 
express to break away, thus setting all the brakes, 
and so checking the train as to prevent any very 
serious damage from being done. We have, how- 
ever, said enough concerning the value of prompt- 
ness of action in the case of brakes for fast trains, 
and we may return to the consideration of the present 
state of the brake question. 

As regards the application of continuous brakes 
to traing on lines devoted to local traflic, it is unne- 
cessary tosay much, The majority of the com- 
panies working such traffic have already found that 
if good time is to be kept and a fair rate of speed 
attained, with trains making frequent stops, con- 
tinuous brakes must be employed, and the use of 
such brakes on this class of trains is making fair 
advance, although some companies are moving much 
more slowly than they should do, It is, however, 
of the application of continuous brakes to fast trains 
that we more particularly desire to speak here, and 
we can only regret that there is such a limited pro 
gress to record, There are, however, a few com- 
panies whose action deserves special mention, 

The London and North-Western Company were 
early in the field with the application of continuous 
brakes to their fast trains. The brake they have 


taken up is Mr. Clark’s, materially improved in 
many of its details by Mr. F. W. Webb, the chief 
mechanical engineer of the company, As we have 
stated on a former occasion, Clark’s brake does not 





satisfy all the conditions which we consider a con- 
tinuous brake for fast trains ought to fulfil, but it is 
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undoubtedly a powerful and efficient brake, and 
the London and North-Western Company deserve 
all credit for the extent to which they have provided 
their express trains with brake power. The action 
of Mr. Webb in taking up an existing brake and 
improving it so that it may suit the requirements 
of his line is also a course much to be commended 
We have repeatedly pointed out that it is utter folly 
for a railway company to wait expecting that a brake 
adapted in every way to the requirements of their 
traflic will be perfected and offered to them by some 
lucky inventor. Continuous brakes are things which 
must necessarily be brought to perfection yes 
and by the aid of practical experience, and it is the 
duty of railway companies and their officers to give all 
the aid they can towards bringing about the neces- 
sary improvements, 

To the Midland Company the thanks of the 
travelling public are also greatly due for the extent 
to which they applied continuous brakes on their 
fast trains. At first the Midland Company took up 
the older form of Westinghouse air brake, but more 
recently they have adopted the Westinghouse auto- 
matic brake, Mr. Johnson, the locomotive super- 
intendent of the line, having now fitted up fifty- 
eight locomotives with this brake, and Mr. Clayton, 
the superintendent of the carriage and wagon de- 
partment, having fitted up an equivalent number of 
carriages, Amongst other trains the Scotch expresses 
are, we believe, all fitted with the automatic brake. 
It will be remembered that the brake experiments 
organised for the benefit of the Royal Commission 
on Railway Accidents, were carried out ona portion 
of the Midland Railway, and Mr, Johnson had thus 
special facilities for observing the results. The fact 
that the Westinghouse automatic brake is now 
being adopted on the Midland is thus an endorse- 
ment of the views we expressed concerning it at 
the time that the trials took place. The Westing- 
house brake has, as our readers are aware, been far 
more extensively applied than any other continuous 
brake in existence, and in the United States the ex- 
perience with it has been most highly satisfactory. It 
is, of course, possible that some slight modifications 
may be necessary to adapt it to the requirements of 
English railway traffic, but if this should be so Mr. 
Johnson is fully possessed of the experience which 
will enable him to suit it to the circumstances to be 
met, and in his hands and those of Mr. Clayton we 
have no doubt that the Westinghouse automatic 
brake will prove as great a practical success in this 
country as it lias already become in America, 

When we have mentioned the London and North- 
Western and the Midland Companies, we have prac- 
tically exhausted all that is to be said respecting the 
systematic application of continuous brakes to fast 
trains by English railways. Itis true that the Cale- 
donian Company have experimented, to some extent, 
with the Westinghouse brake, as well as with Mr. 
Steel’s and others, but they have as yet tkaen no de- 
finite action in the matter. The same may also be 
said of the North-Eastern and the Great Northern. 
The latter company have so far only experimented, 
we believe, with Smith’s vacuum brake, a brake 
vastly inferior to either the Westinghouse or Clark 
and Webb's, and one which, in our opinion, is utterly 
unfitted for the high-speed trains of the Great 
Northern. The expresses of the Great Northern 
Company to Leeds and to Scotland are unsurpassed 
for speed and regularity of running by any trains in 
the world, but in the present state of our knowledge 
of railway accidents and their causes, we hold it to be 
quite unwarrantable to run such trains without 
providing them with the security which an efficient 
continuous brake can alone give. The only excuse 
for the delay of the Great Northern Company is 
that they may have been waiting for the report of 
the Royal Commission, to which we have before re- 
ferred ; but judging from past experience it behoves 
them to wait no longer, but to provide themselves 
with a brake which will fulfil all the conditions 
which the Royal Commissioners ar: likely tolay down 
as essential. 

Of the railways south of the Thames there is little 
to be said except that they have done scarcely any- 
thing to advance the brake question. Even they, 
however, have behaved better than the Great 
Western Company, who have shown a supineness 
and indifference in the matter which is nothing less 
than disgraceful considering the nature of their 
traflic, Fadgin from past experience and the 
evidence which , on several occasions been given 
eee when eee on their line have 

n under investigation, the company pro to 
wait until the problem has been worked ay on 


other lines, and then to benefit by the experience 
gained at the cost of other people. Such behaviour 
on the part of an important corporation is worthy 
of the strongest condemnation, and it is sincerely to 
be hoped that when accidents which continuous 
brakes would have prevented occur on the Great 
Western line the policy of the company may be 
taken into account by juries when awarding damages. 








THE 81-TON GUN. 

Since our last notice of the 8l-ton gun appeared 
that splendid weapon has completed its series of 
mew trials at Woolwich, has been transported to 

hoeburyness, and has gone through a course of 
firing in order to test its range and accuracy. All 
these trials have given uniformly satisfactory re- 
sults, and have established beyond a question the 
high reputation of the Fraser system of construc- 
tion as exemplified in this latest addition to our 
heavy artillery, The gun has yet to be put through 
a course of experiments to determine its penetra- 
tive powers against a target now in course of erec- 
tion on the experimental grounds at Shoeburyness. 
Before noticing the recent experiments at Shoe- 
buryness it will be desirable to summarise its latest 
performances at Woolwich. Up to the time of our 
last report* the gun had fired a total number of 87 
rounds, the highest charge then recorded being 
340 1b. of 1.5in. cube powder and a 1700]b. pro- 
jectile, the weight of the projectile and the size of 
the powder cubes having been determined by the 
Committee upon the results of previous experiments. 
This round was the best on record up to that time, 
having given a muzzle velocity of 1494 ft. per second, 
a mean pressure in the powder chamber of 21.5 tons, 
and an energy of 26,308 foot-tons, The trials were 
resumed in the early part of August, and the par- 
ticulars and results of the practice are given in the 
accompany Table, rounds Nos. 1 to 8. Rounds 
Nos. 1 to 4 were fired on the 3rd and Nos, 5 to 8 
on the 4th of August. 


























ee - s 
S ius | * | OS. 3 i 
$e 3s | 28/2 o , S| Mean gs 
4 Se ia z 2 |S) Pressure } 
=| nae 2g | 2's 38 in G 3 > 
= = fy Gy 5 ® & Ss 8 in Gun. 5.2 
Z = Bm IS So 
cub. in.| Ib Ib. ft. | Tons per /ft.-tons. 
sqr. in. 
1 1.5 340 | 1700 | 1486 20.1 26,030 
2 i 850] ,; 1505 20.4 26,740 
3 “ 850] ,, 1502 20.3 26,630 
4 ie 350 | 5» 1467 19.6 25,406 
5 i 350] ,, 1475 18.4 25,683 
6 ine 350 | 5, 1493 21. 26,314 
7 pan 360] ,, 1487 18.8 26,103 
8 #8 370] ,, 1495 19.9 26,385 
9 6 350] ,, 1518 20.5 27,203 
10 Mid ot ao 1523 20.3 27,383 
1l 99 360] ,, 1519 21.3 27,239 
12 ‘a 360] ,, 1518 20.0 27,203 
13 ‘ 370 | ,, 1519 19.8 27,239 
14 - 370 | ,, 1517 20.7 27,168 








One object in some of these rounds was to ascer- 
tain whether with similar charges of powder there 
was any practical difference in exploding the charge 
from the service or from the rear or axial vent, the 
latter plan embodying the system of central igni- 
tion as explained in our previous notice. Round 
No. 1 of the present series was exploded from the 
axial vent, and, as against the round with a similar 
powder charge in the previous series fired from the 
service vent, it shows a considerable reduction in 
chamber pressure, 20.1 as against 21.5. At thesame 
time the energy fell somewhat, being 26,030 as 
against 26,308 foot-tons. Rounds Nos. 3, 5, 7, and 
8 were also fired from the axial vent, and Nos. 2, 
4, and 6 from the service vent. Another object in 
view was to ascertain what cubical space should be 
allowed per each pound of powder composing the 
charge. In round No. 2 the space was 32 cubic inches 

r pound of powder, in No. 4 it was 34in., and in 

o. 6 it was 32in, again. It will be seen that the 
results fell off with the 34-in. space but rose on a 
return to 32 in., indicating, other things being equal, 
that 32 in. per pound was the better space for such 
a charge to occupy. The space allowed in rounds 
Nos. 1, 2, 3, and 6 was 32in., whilst in Nos. 4, 5, 
7, and § it was 34in. 

The last series of trials at the proof butts were 
carried out on the 12th, 13th, and 14th of last month, 
Six rounds in all were fired with — rangin 
from 350 lb. to 370 lb. of powder, and the us 
1700 Ib. projectile. The particulars and results are 











* Vide page 74 of our present volume. 








given in the tabulated statement in rounds Nos. 9 
to14, The plan of igniting the charge centrally 
from the axial vents having previously given good 
results, it was continued throughout the last series, 
In round No. 1] the space per pound of powder 
was 32 cubic inches, in rounds Nos. 3 and 4 it 
was 33 cubic inches, whilst in rounds Nos. 2, 5, 
and 6 the allowance was 34 cubic inches. It will 
be seen from the tabulated statement that some 
excellent results were obtained, high velocities with 
low pressures prevailing throughout. These results 
enabled the Committee to determine the service 
powder charge for the 8]1-ton gun, which they have 
fixed at 370 Ib. of 1.5 in. powder, firing a 1700 Ib, 
projectile. The number of rounds fired at Woolwich 
with this gun was 101, exclusive of one blank charge. 
On a critical examination of the weapon being made 
atthe Royal Gun Factories before it was sent to Shoe- 
buryness, no flaw, strain, or disturbance whatever 
could be detected. In short the weapon behaved 
splendidly, testifying to the soundness of Mr. Fraser's 
principle of construction, and justifying the per- 
sistent advocacy of Colonel (now General) Campbell 
while at the head of the Royal Gun Factories. 

During the last recorded experiments a new 
mechanical loading arrangement was tried. It was 
designed by Mr. Butler, of the Royal Carriage De- 
partment, and consists of a stage or platform mounted 
on two pairs of wheels, and running on the rails in 
front of the gun carriage. It is connected with the 
front of the gun carriage by a rack and pinion 
arrangement, which allows it to be propelled 
to the front of the muzzle for loading, or 
drawn back under the fore part of the gun during 
firing, the gun on its recoil drawing the loading 
stage back with it. The loading apparatus consists of 
a small crane fixed at one corner of the stage, and 
with which the powder charge and the shot are 
lifted in succession to the muzzle of the gun. The 
ramming home is effected by means of a rule-jointed 
pitch chain which can only be curved in one direc- 
tion. This chain is carried in a trough under the 
staging, and is projected or withdrawn by a cam- 
shaft. The upper end is passed through a goose- 
neck guide-piece, which delivers the end of the chain 
opposite the muzzle. A ramming disc is then 
attached to the chain by a clutch-piece, the cam- 
shaft turned by a winch handle, and the process of 
loading is thus mechanically effected. 

The 81-ton gun was transported from Woolwich 
to Shoeburyness in a specially constructed barge 
towed by steam tugs, and was safely landed at 
the latter place on the 22nd ultimo. It was then 
conveyed along rails to the firing point, which gives 
an excellent range over the Maplin Sands, the first 
range marked out being 6000 yards in the direction 
of Welton-en-tho- Sines. The gun is worked from a 
railway, as at Woolwich, with an incline to the rear 
toretard and absorb the recoil. During the firing a 
Government vessel has constantly steamed in the 
Channel beyond the range, in order to keep the line 
of fire clear of shipping. The time for practice is 
of course when the tide is out, a range party being 
sent out over the sands to observe the results of 
firing. The gun is in charge of Captain Fairfax 
Ellis, the chief of the Experiment Department at 
Shoeburyness, with a picked detachment for work- 
ing the weapon. The trials for range and accuracy 
were commenced on the 27th ultimo, when seven 
rounds in all were got off. The details of these 
rounds are given in the annexed tabulated state- 
ment, Nos. 1 to 7. The explosion of such heavy 
charges as 370 lb. of powder told on the houses in 
Shoebury, where the precaution of opening doors 
and shalt had not been taken, as advised by the 
authorities, many panes of glass being blownin, and 
doors burst open, the houses in the married soldiers’ 
quarters suffering much damage. To reduce the 
effects of concussion a sand-bag wall was thrown 
up by the Royal Engineers between the firing point 
and the inhabited quarter. 

The experiments were resumed on the 28th ult., 
10 rounds being got off during the day with the 
results given in the tabulated statement at Nos. 8 
to 17. Some of the projectiles after the first graze 
made a second, some 12,000 or 13,000 yards from 
the firing point into the water. Firing with 10 deg. 
of elevation caused the projectile to make a crater 
in the sand 27 ft. long, 13 ft. wide, and 9 ft. deep. 
The greatest distances ultimately reached by the 
shells upon ricochet was at 1deg. of elevation, at 
which angle the projectiles skimmed along the sands, 
the angle being low. The mean range of the first 
flight at ] deg. of elevation was 1097 yards, the 
mean error of range being 7 yards and the mean de- 



































































Oct. 13, 1876.] 


ENGINEERING. 





325 





















































ow 
¥ - 1S og ; | , S.3 
tei | 88 | oS | we: be q s ~ 4 
23 gE er] 28 Nature of Projectile. re #6 Ee E =p Ignited from Loading. 
ae | 2 2 ima) oI ~ 
ee | i Se RO! Be 
lcb.in.| Ib. | Ib. , Ib. | deg. | yards. | sec. 
1 | 15 | 870 | 1700 | { Soft cost battering or } 7.0 | 4687 | 11.4 | Axial vent | Mechanical 
2 ” ” ” ” ” 4717 11.3 ” ” 
3 ” ” ” ” ” 4672 11.4 ” ” 
4 | ”? ” ? ” ” 4699 11.4 ” ” 
5 3) %? ” ” 39 4800 11.2 ” 99 
oo pS ‘ = “ 1.0 | 1097 2.2 a rs 
| ” ” ” 2 oe ” 1080 2.2 ”” ” 
8 | 9? ” 99 ” nied ” 1105 2.3 %” %” 
9 +B) ” > ” oe ”> 1106 2.2 ” ” 
Bes Bath ae ~ oh ee bade ae ‘ . 
ll o os » 99 -- 4.0 3037 6.8 99 Manual 
12 be Pe) > ” oe +B 6.9 ” ”” 
13 ”? ” 2” ” ee ” 3077 6.6 ” ” 
14 a 99 »” o ove Pa 3096 7.1 SS v8 
15 e 99 » | é : ‘ 3079 6.7 a « 
16 | 1» ” ” 99 10.0 6250 15.5 we ‘6 
Ae Ae oe - | oo | @Q8l | 155 . 
et eg ee Cogan et with } “| 80 | 234 | 5.2 i 
19 9 ” ” ” ” 2370 5.4 ” ed 
20 ” ” ” 2” ” 2351 5.3 ” ” 
21 ” 7) ” ” 2” 2330 5.2 ” ” 
22 ”? ” ” ” ” 2331 5.2 ” ” 
23 o a we Palliser shell (chilled.) 7.0 4683 11.2 ” ” 
24 ” ” ” ” ” ” 4785 11.4 ” ” 
25 ” ” ” ” ” ” 4676 11.3 ” ” 
26 ” ” ” ” ” ” 4796 11.5 ” ” 
ee ee ee t te . 4779 | 11.3 - © 
blow blow 
28 % - ” Shrapnel shell 4 lb. 5.0 1200 2.7 ” 9 
29 ”? ” ”? ” 3 3.0 1100 2.4 ” ” 
30 BE) ” ” ? 9 2.0 1100 2.4 ” ” 
reached 
water 
31 ~ E e  coarag'e _~ ces © 8.35 13.6 2 “s 
32 ” ” ” ” ” 8.50 13.4 ” ” 
33 EB) ” ” ” ” 9.0 13.8 ” ” 
34 ” ” ” ” ”? 8.35 13.7 2? ” 
35 LB) ” 29 ” ” 8.35 13.5 ” ” 
: burst 
36 | Bs s { Shrapnel y and a 3.0 2 2 i om 
37 ” ” ” ” 3.0 ee 3.0 ” ” 
burst 
SB | os we. < Case shot 1.0 100 - o 
39 | ” ” | ”? 9 2.0 100 2”? ” 
flection 1.5 ft. The mean range of the five rounds | posed of. With its normal calibre of 14.5 in. it fired 


fired with 4 deg. of elevation was, as will be seen, 
3063 yards, the mean deviation in range being 
24.7 yards and the mean deflection 1.3 yards. 

The practice was resumed on the 29th ult., the 
particulars being recorded in the Tables of results 
at Nos. 18 to 27, the total number of rounds for the 
day being 10. After that day’s practice the ex- 
periments were adjourned to the 4th instant. In 
the mean time shells had been recovered from mini- 
mum distances of 6 miles, others were traced much 
further, until deep water arrested the progress of 
the explorers. 

On the 4th instant twelve rounds were fired, which 
completed the present series. The practice is re- 
corded in the Tables at rounds Nos. 28 to 39. In 
round No, 28 the shell was loaded with 880 sand 
shot and 1083 four-ounce shot with a muzzle-loaded 
fuse. The shell had a gas check affixed to its base, 
which, however, did not prevent the ignition of the 
fuse. The burst was very good. In the following 
round the shell. was similarly fused and a good 
scatter was made. In round No, 36 the hand load- 
ing was timed and was found to occupy only 2.75 
minutes. In round No. 38 the case shot contained 
1874 8-0z, shots and 300 bullets, the shell bursting 
well at 100 yards from the muzzle of the gun. 

This concluded the experiments for range and ac- 
curacy, the whole of which afforded the most 
thorough satisfaction to the Committee. The mean 
deviation of each series of rounds was found to be 
exceedingly small, and in fact altogether nothing 
can be more gratifying than the results of the prac- 
tice, which have met with the unqualified approval 
of the authorities, Although the gun has now fired 
140 rounds, some with very heavy charges, a critical 
examination has failed to disclose any flaw or fault 
whatever, and upon this also is the Royal Gun 
Factories Department to be congratulated. It 
speaks well fo. the Fraser system of thick coils with 
encircling fibres. The gun now awaits the com- 


pletion of the target at which it will be tried for 
penetration, but it is not expected that these experi- 
ments will take place for some five or six weeks yet. 

As just observed, the 8l-ton gun has now fired 
140 rounds, and it may be interesting to summarise 
the amount of ammunition that has been thus dis- 





4660 lb. of powder and 27,052 1b. of iron in 21 
rounds, With a calibre of 15.0 in. it fired in 32 
rounds 8223 lb. of powder and 45,712 1b. of iron, 
With the same calibre, but with a powder chamber 
of 16 in. in 21 rounds it disposed of 6020 lb. of 
powder and 30,810 lb. of shot. With its present 
uniform bore of 16 in., and while at Woolwich, it 
fired 8870 lb. of powder and 45,981 Ib, of iron in 27 
rounds, ‘This gives 27,773 lb. of powder and 
149,555 lb. of iron expended at Woolwich in 101 
rounds, At Shoeburyness the gun has fired 39 
rounds with 14,430 lb. of powder and 66,300 lb. of 
iron, This gives a total number of 140 rounds, 
42,203 lb. of powder, and 215,855 Ib. of iron. 

There have been present from time to time during 
the trials a large number of War Office and other 
Government oflicials ; the representatives of various 
foreign governments, besides a number of gentle- 
men interested in the question of heavy artillery. 
Amongst the former were General Campbell, R.A., 
Director-General of Artillery; Colonel Fisher, Com- 
mandant of the Station, who superintended the ar- 
rangements ; Colonel Younghusband, F.R.S., R.A., 
President of the Committee on Explosives and 
Superintendent of the Royal Gun _ Factories; 
Colonel Fraser, R.A., Superintendent of the Royal 
Laboratory ; Colonel Inglis, R.E.; Colonel Curtis, 
Chief Instructor of the School of Gunnery ; Colonel 
Goodenough, R.A. ; Colonel Field, R.A., Superin- 
tendent of the Royal Carriage Department ; Major 
Maitland, R.A., Assistant-Superintendent of the 
Royal Gun Factories; Major Lambert, R.E. ; 
Major Nicholson, R.A.; Major Alderson, R.A. ; 
Major Arbuckle, R.A.; Captain A. Noble, F.R.S. ; 
Captain Lloyd, Captain English, R.E.; Captain 
Michell, Captain Jones, R.A.; Captain Morley, 
R.A.; and Mr. Robert 8. Fraser, the constructor 
of the gun, and to whom its success is a matter for 
special congratulation. 


THE BRUSSELS CONGRESS. 

‘* SociaL science” méetings seem likely to spread 
in regard to number if not in influence, There 
seems no doubt that much value should be attached 
to them, and we sincerely hope that one which is to 
be held at Liverpool from the 11th to the 21st of 














this month shall form no exception to that rule. It 
is intended then to open the fifth Exhibition of 
Sanitary, Educational, and Domestic Appliances, 
including models, &c., illustrating inventions for 
heating, ventilation, and lighting ; domestic house- 
hold appliances and economic apparatus ; sanitary 
architecture, decorations, and building; sanitary 
engineering and hygienic systems; food, clothing, 
&c.; school furniture; appliances for preventing 
accident and saving life; securing health and comfort 
at sea, cum multis aliis. 

We admit that such objects are excellent, and 
may or rather might become of great social ad- 
vantage. Precisely a similar Congress and Exhibi- 
tion have recently been concluded at Brussels, with 
about the same amount of success as has previously 
attended such attempts. But in carefully consider- 
ing such meetings we are much reminded of an in- 
cident in the history of an eminent judge of the last 
century. It is stated that it was his invariable 
practice to visit every show he could meet with. On 
one occasion the owner of an exhibition of waxwork 
declined to accept the admission charge on the 
rg that the ‘* works” were merely “old ones 
resh done up.” Precisely the same remark may 
may be applied to our sanitary congresses, We 
defy any one who has for the last five years at- 
tended the meetings of the British Association, the 
Social Science Congresses, themeetings of the Society 
of Arts, &c., to point out one feature of beneficial 
novelty that either or all of them have offered. The 
papers and speeches have been retailed and stereo- 
type reproductions of former editions. They have 
simply consisted of energetic demonstrations of 
advocates of partial schemes, whose failures, say, 
during the last few months, have been proclaimed 
abroad by their own friends, by the Stock Ex- 
change, by the Court of Chancery, and by local au- 
thorities, disgracing at once their promoters, and 
seriously injuring the cause of sanitary improvement. 

At the Brussels Congress the respective advan- 
tages of irrigation, precipitation by the A B C pro- 
cess, and the Liernur system were duly set forth 
by their advocates in terms that are familiar to all 
who have taken the least interest in the sewage 
question. Each scheme was stated to be the best 
extant and not one has yet succeeded, Gigantic 
cabbages, carrots, French beans, onions, &c., were 
shown as the result of the irrigation of the Paris 
sewage, and of course loud talk resulted in regard 
to the value of irrigation. Mr. Crookes praised the 
ABC process, which a few years ago was utterly 
condemned in the Quarterly Journal of Science of 
which that gentleman was and now is the editor; 
and Liernur’s system being, as it may be said, * at 
home,” met with much discussion 

But what may be asked is the value of all these 
self-gratulatory statements ? paking each scheme 
separately we know that they have all been 
financial failures. We understand that the Rom- 
ford farm is or has been given up; the Native 
Guano Company have tried in vain to get a per- 
manent resting-place ; and the Phosphate Company 
is scarcely in a better position. ‘The General 
Sewage and Manure Company has gone to ruin, 
Whitthread’s process and patent was long ago 
offered for sale; and, in fact, it is impossible for 
any prudent business-like local authority to choose 
any scheme for the treatment of their sewage with 
any reasonable hope of success, not of making a 
profit, but of getting security against the chance of 
great loss, 

We sincerely trust that the approaching Social 
Science Congress at Liverpool will bear these facts 
in mind, and it is only in the hope of drawing atten- 
tion to the necessities of the case that we have made 
these remarks. We notice on the Committee of this 
Congress such names as Angell, Brady, Chadwick, 
Galton, Hope, Latham, Scott, &c. Surely with such 
an amount of intellectual and practical force we 
ought not to have any more illustration of the 
mountain and mouse fable in regard to sanitary 
questions. 


WORKING STEEP GRADIENTS. 

Tue working of steep gradients on mountain and 
other railways is a matter which has of late years 
attracted very considerable attention both in this 
country and the Continent, and a large number 
of schemes—some of them of a very visionary 
character—have been brought forward as solutions 
of the problem. Of these plans, comparatively 
few have reached the test of practical working, 
but amongst those which have been thus tested is 
one of which we propose now to have something 
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to say. The system of working to which we refer 
is that of Mr. Henry Handyside, which has 
already been several times mentioned in our pages, 
and the working of which we last week had an 
opportunity of examining on the Hopton incline 
of the Cromford and High Peak Railway. Mr. 
Handyside’s system of working, which is now being 
introduced by the Handyside Steep Gradient Com- 
pany, is probably known to a large number of our 
readers, yet it may be desirable that we should 
describe it briefly here. The system consists in 
fitting a locomotive with a winding drum and a suit- 
able length of wire rope, and then employing it 
alternately as an ordinary locomotive and a wind. 
ing engine. Thus, supposing the engine to have 
arrived at the foot of an incline with its train, it 
is unhooked from the latter, the hauling rope 
is attached to the foremost vehicle, and the engine 
proceeds up the gradient paying out the rope be- 
hind it, the train of course remaining at the bottom. 
The rope having been all paid out, the engine is 
stopped and “anchored” by mean of a powerful 
brake arrangement, which we shall describe pre- 
sently, and the winding gear being put in motion, 
the engine hauls up its train, or a portion of it, as 
the case may be. Whenthe train or portion thus 
hauled up has reached the engine, it is in its turn 
‘* anchored,” and the engine proceeds up the gradient 
for another distance equal to the length of rope 
available, when it is again anchored and the wind- 
ing recommenced, these processes being repeated 
until the top of the incline isreached. For retain- 
ing the train or portion of a train in position on 
the incline during the intervals when the engine is 
running forward and paying out the rope, Mr. 
Handyside has devised an arrangement of auto- 
matically acting gripping struts, which are to be 
fitted to the last wagon or guard’s van; but on 
most existing inclines the wagons can be safely held 
by their own brakes, although the automatic strut 
is of course more convenient. 

The Hopton incline, on the Cromford and High 


The three gripping faces are of malleable iron, and 
are so fixed as to be readily renewable when re- 
quired. ; 

As we have already said, the brake just described 
serves to anchor the locomotive when it is acting as 
a winding engine ; but it is also used when necessary 
during the descent as a safety brake to keep the 
train completely under control. Of course on 
gradients even as steep as | in 12, a train can, if all 
its vehicles be fitted with brakes, be kept under 
control by these brakes except in very bad weather. 
There are, however, times when therailsare so greasy 
that the ordinary brakes could‘not be relied upon 
to arrest the train, in the event of its being allowed 
to get up too much speed when running down the 
incline, and in such cases the Handyside brake does 
good service. In fact at the Hopton incline it 
would without it be extremely difficult, if not im- 
possible, to control the loads brought down. 

The Hopton incline is a quarter of a mile in length, 
and has a gradient of 1 in 14, while it is straight 
throughout. Ordinarily the traffic of the London 
and North-Western Railway Company over it is 
worked by a stationary winding engine, but it has 
now for some weeks been conducted by Mr. Handy- 
side’s locomotive, which we have been describing. 
The engine picks up the up trains at the head of the 
Middleton incline (a gradient which is also worked 
by a rope and winding engine), does what shunting 
may be needed there, then proceeds with its load to 
the foot of the Hopton incline—doing shunting 
when required at some quarry sidings ex roufe—and 
finally ascends the Hopton incline, delivering up its 
load at the top of the gradient, and receiving in turn 
any down loads which may have arrived. 
‘The day on which we had an opportunity of ex- 
amining the working of the engine was one especially 
unfavourable to the performance of an ordinary 
locomotive, there being an almost constant drizzling 
rain and the rails being in a very greasy condition. 
The first load delivered to the engine was a light 
one, it consisting of one wagon of coal and two 





Peak line, near Wirksworth, is now being worked 
by the second locomotive which has been constructed 
on Mr, Handyside’s system. ‘This locomotive, of 
which we give an elevation on page 321, is a six- 
wheeled tank engine with all the wheels coupled and 
fitted with the winding gear, already mentioned, at 
the trailing end. The engine, which was built by 
Messrs. Fox, Walker, and Co., of Bristol, for the 
Handyside Steep Gradient Company, has 13 in. cy- 
linders with 20 in. stroke, and the wheels are 
3 ft. 6 in. in diameter, while the wheel base is 
9 ft. 8sin. ‘The winding drum is situated between 
the frames at the hind end, the rope being paid off 
from the upper side of the drum, so that, as far as 
possible, it is kept clear of the ground, Light 
wooden rollers are, however, provided at intervals 
between the rails to carry the rope, which is 300 yards 
long and made of steel wire. ‘The winding drum is 
driven by a pair of vertical engines with 10 in. cy- 
linders and 9 in, stroke, these engines acting through 
a compact arrangement of epicycloidal gearing, the 
arrangement being such that the rope can be paid 
out without the winding engines being run. ‘The 
engine has 67 square feet of firebox surface, and 
481 square feet of tube surface, the boiler con- 
taining 125 tubes ]}in. in diameter by 8 ft. 5} in. 
long. ‘The total heating surface is thus 548 square 
feet, while the grate surface is 6.9 square feet. Water 
is carried in a saddle tank containing 450 gallons, 
and coal in bunkers having a capacity for 10 cwt. 
The water supply is found sufficient for two hours of 
the hardest work, The engine weighs in average 
working order about 22 tons. 

Un each side of the engine between the leading 
and driving wheels is fitted Mr. Handyside’s brake, 
already mentioned. In the case of the locomotive 
we are describing this brake is applied by means of 
a steam cylinder, the piston of this cylinder being 
coupled to an arm on a rocking shaft, and this rock- 
ing shaft having arms from which the »rake is worked, 
as shown. The construction of the brake itself will 
be best understood by reference to the detail view, 
Fig. 2, on page 321, which also shows the section of 
the rails which have been laid down on the Hopton 
incline to enable the system to be fairly tested. As 
shown by the sketch, the brake has three gripping 
surfaces, the one being brought into contact with 
the top of the rail, and the two others gripping the 
sides, From the construction of the arrangement it 
follows that when the brake is applied the top brake 
piece first closes down upon the top table of the rail 
and then forms a fulcrum for the fingers or gripping 
levers through which the side pieces are applied. 








empties, weighing in all 20 tons, ‘This light train 
was of course taken up without being divided, the 
incline being traversed in two lifts and the times 
occupied in the different operations being as follows: 


— Differences 
fom = Times 
Start of each 
* Operation. 
m. 8. m. 8. 
Engine started from foot of incline 0 } . 
0 55 
stopped and “‘ anchored’’... 0 af 
0 30 
‘ commenced hauling up load 1 25 } 
2 35 
te finished hauling 4 "t 
0 25 
» again started upincliue ... 4 25 i 
0 48 
», stopped andanchored attop 5 a 
0 12 
»» commenced hauling up load 5 25 } : 
2 10 


Load arrived at top of gradient ... 7 35 


The total time occupied in taking up the load 
was thus 7 min. 35 sec., of which 4 min. 45 sec, 
were occupied in actual hauling. The hauling was 
thus performed at the rate of about three miles per 
hour, while the whole operation of lifting, including 
all stops, was at the rate of about two miles per 
hour, During the operation the whole of the 
arrangements acted perfectly without a hitch of any 
kind. 

Before starting with a down load some experi- 
ments were made with the engine alone to test the 
holding power of the steam brake. For this pur- 
pose the engine was started from the top of the in- 
cline and allowed to run down freely to a given 
point at which the brake was applied. The speed 
acquired by the engine wasascertained by measuring 
by means of a chronoscope the time occupied in 
passing over the last 18 yards prior to the applica- 
tion of the brake. In the first experiment in which 
this observation was made, the time occupied in 
traversing the distance just mentioned was 3.25 


seconds, the speed being thus ; ot = 16.6 ft. per 
25 


second, or 11.29 miles per hour. From this speed 
a stop was made in a distance of 16 yards, The 
second experiment was simply confirmatory of the 
first, the 18 yards being run in 3} seconds, giving 
a speed of 16.8 ft. per second, and the stop being 
made in a little under 17 yards. The mean resis- 


for instance the first experiment, the engine had at 
the moment of application of the brake acquired a 
speed of 16.6 ft. per second, or that which would be 


attained in falling from a height of a 4.98 ft. 


Moreover, the gradient being 1 in 14 and the dis- 
tance run in making the stop being 16 yards or 
48 ft., the engine would, during the time the stop 


was being made, fall a further distance of a= 


3.43 ft., and the total energy destroyed by the brake 
was thus that which the engine would have acquired 
in falling through 4.28+3.43=7.71 ft. But the 
distance traversed by the engine after the brake was 
applied was as we have said 48 ft., and the mean 
ad =0.16, 
or 16 per cent. of the weight of the engine. Taking 
this weight as 22 tons, the mean resistance must 
thus have been 22 x 0.16=3.52 tons, This is, as we 
have said, the mean resistance, but it must be re- 
membered that this resistance had to increase from 
nil to its maximum during the brief period when 
the engine was traversing the 16 yards, and we 
shall probably not err greatly if we estimate the 
maximum resistance at fully double the mean, or 
say about 7 tons. That the brake is capable of 
exerting fully as great a retarding power as this 
appears to us fairly proved by subsequent ex- 
perience in bringing down a heavy train, a matter 
of which we shall speak presently. Of course, the 
application of a Soule in the manner we have de- 
scribed throws a heavy strain on the rails; but it 
is only fair to Mr. Handyside to say that his per- 
manent way shows no signs whatever of disturbance, 
although the sleepers are only laid on the ballast 
and not bedded in it. This result is, no doubt, 
largely due to the fact that the brake is so situated 
that the part of the rail on which it acts is at the 
time bearing a large proportion of the weight of 
the engine, the adhesion between rail and sleeper 
due to this weight aiding materially in keeping all 
tight. It must also be borne in mind that in the 
ordinary working of the incline the brake is, as a 
rule, only applied when the train is moving at a 
slow speed, the brake preventing fanything like 
running away. 

After the brake trials, of which we have been 
speaking, the engine successfully took down the 
incline a load consisting of a van and ten trucks, 
of which six were well loaded, the total weight of 
the train, exclusive of the engine, being 75 tons, 
or including the engine 97 tons. ‘The van and 
ordinary engine brakes were applied during the 
descent, but these alone were unable to keep the 
train under control, By the aid of the steam grip- 
ping brake, however, the descent was made as slowly 
as was desired, while several times during the descent 
the train was almost instantly brought to a stand 
from a speed of about 6 miles per hour by applying 
this brake fully. Considering the state of the rails 
this was a very severe test. 

The second load taken up consisted of one 8-ton 
and one 10-ton coal wagon, both loaded, and one 
wagon containing grains, the total load, exclusive 
of the engine, being 37} tons. This train was also 
taken up as one load, the times occupied being as 
follows : 


resistance exerted must thus have been 





Times Or Times. 
Start. of each 
Operation. 
Engine started from foot of incline 0 r ae 
», stopped and “‘anchorea’’... 1 oo! cdi 
»» commenced hauling up load 1 asl E eh 
»» finished hauling ... wx '@ em j . 
»» again started upincline ... 4 m sae 
», stopped andanchoredattop 5 37 j a 
»» commenced haulingup load 5 a7 : : 


Load arrived at top of incline ... 7 “gs 
In this journey some seconds were lost from there 
being a thick mist at the top of the gradient where 
some men were at work, and the engine being thus 
obliged to approach the summit slowly. The opera- 
tions, however, were performed as easily and as 
steadily as with the first load, and in fact the second 
load was considerably under that which the engine 
frequently takes up in ordinary work. On the day 
of our visit, however, the up traflic being light, a 








tance opposed by the brake duripg the stops can 


easily be calculated from the above data. ‘Taking heavier train was not available. 
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Taken altogether the performance of Mr. Handy- 
side’s system on the day of our visit to the Hopton 
incline was very successful, and the work was done 
with an ease and regularity which tended to show 
that the performance was not in any way an excep- 
tional one. The impression made on our minds was, 
in fact, that the system was’one capable of some 
useful applications. We are not amongst those 
who consider locomotives constructed on Mr. Handy- 
side’s plans fitted to replace winding engines on long 
inclines carrying a heavy traffic; but we think 
that when several short inclines separated by pieces 
of level have to be worked with a moderate number 
of trains, his system possesses many advantages. 
A fixed winding engine with its boilers, &c., is an 
expensive thing to provide, and unless the traffic it 
works belarge, the charges for maintenance and work- 
ing expenses become—proportionately to the loads 
hauled up—very heavy. Moreover, when a stationary 
engine is used either a locomotive or horses have to 
be provided at the top and bottom of the incline to 
do the shunting. Where the traffic is moderate, 
and where a series of gradients have to be traversed 
successively, Mr. Handyside’s system comes in as a 
very useful arrangement, and this is} particularly 
the case when reduction of first cost is an object, as 
his locomotive not only serves as winding engine, 
but can also do the shunting and work the traffic 
between the gradients. For contractors’ work also 
such engines would often be extremely useful. 
While, however, we fully believe that there are 
many circumstances under which Mr, Handyside’s 
system can be usefully employed, we do not share 
with him his views as to the advisability of con- 
structing mountain railways with alternate lengths 
of level and steep inclines, so that they may be 
worked on his system. Circumstances will, of 
course, occur which may render it advisable to con- 
centrate the gradients, as we may term it; but as 
arule we consider that in a line to be worked by 
locomotives, it is by far the best to make any ascent 
that may have to be overcome, by a gradient which 
is as far as possible uniform. 

We have said that the Hopton incline is quite 
straight ; but we do not anticipate that the working 
of Mr. Handyside’s system on moderate curves will 
be attended with any practical difficulty. The 
length traversed at each haul, however, would pro- 
bably have to be reduced when working ona curve; 
but the data we have given show that the time 
occupied in refixing the engine for each haul is very 
short, and thus the time occupied in ascending a 
gradient will not be very materially greater if the 
operation is effected by short lifts instead of a fewer 
number of longer ones. We believe, however, that 
Mr. Handyside will find it advisable to materially 
increase the power of his winding cylinders so as to 
haul up the loads at a higher speed, In the engine now 
at the Hopton incline there is an ample steam supply 
for far larger winding cylinders, and there is, in fact, 
no reason why the engine should not develop the same 
power in these as in its ordinary cylinders, In work- 
ing very steep gradients, also, we believe that Mr. 
Handyside will find it desirable to lower his trains 
by the rope instead of trusting to the controlling 
power of the brake. The operation of lowering 
would then simply be the reverse of that of hauling 
up, and the use of the Handyside brake would be 
almost restricted to its employment as an anchor, 
this being the use for which we think it especially 
suited. ‘The brake is unfitted to work over points 
and crossings, and inasmuch as there are generally 
sidings near the foot of an incline, we think it ad- 
visable not to run the risk of causing damage by 
neglecting to release the brake before the bottom of 
the gradient is reached. The brake is, however, in 
any case a good stand-by in cases of emergency, and 
it is very well under control, In conclusion, we 
may repeat that there are, we consider, many cir- 
cumstances under which Mr. Handyside’s system of 
working will prove very useful, and we hope to hear 
more of its practical application. 








THE 38-TON GUN. 
_ For some little time past a substantial target has been 
in course of erection on the experimental grounds at Shoe- 
buryness, The object of this. structure was to ascertain 
the measure of power of the 88-ton 12}-in. gun at the 
muzzle. This object was satisfactorily accomplished on 
Wednesday afternoon in the presence of a large number 
of officials connected with the War Department, besides 
officers of both branches of the service. The target was 
composed of three plates of John Brown and Company’s 
make, each plate being 10 ft. wide, 8 ft. high, and 
6} in. thick. Between the plates were 5 in. of teak 
packing, bringing the total thickness of the target to 





29}in. The plates were bolted together in couples, the 
first to the second and the second tothe third, with 
sixteen 3-in. Palliser bolts. The target was supported 
in the rear by horizontal and vertical bracing formed of 
14 in. square timbers with raking struts abutting upon piles 
of the same scantling, the latter being stayed against an 
old target. At the sides of the target were placed some 
old Gin. armour plates on end strutted with timber, and 
on the top were some old 8 in. plates tied back to the 
target with old railway bars. A trial shot was first fired 
at an old 10-in. armour plate with a charge of 130 lb. of 
1.5 in. cube powder and an 800 lb. Palliser shell made 
up to weight with sand. The shell struck the plate 
with a velocity of 1436 ft. per second, punched a clean 
hole through it, snapped short a 14 in. pile a couple of 
feet behind it, and broke up against an old target. The 
round against the new target was fired with a similar 
charge to the foregoing, the range being as before 70 
yards. The shot, which had a striking velocity of 
1421 ft. per second, punched a clean hole 13 in. by 
12} in. in the front plates and passed through the middle 
into the rear plate, where it broke up. The base of the 
shot with a portion of the walls was left in the hole, but 
the point with 9 in. of solid metal struck against the rear 
target some 10 ft. off, and rebounded to a distance of 
20 ft. to the right proper of the target. The rear plate 
was considerably buckled, but the iron around the 
shot hole was not cracked or started, the metal showing 
a good fibrous fracture bespeaking its high quality. The 
timbers were considerably started, a pile next the target 
in the rear to the left proper being sheared clean off. In 
fact the proper left side of the target was thrown 
back about 7 in., and, of course, it generally suffered 
severely. The results as regards penetration were such 
as had been anticipated by the Heavy Gun Committee, 
so that practice here has satisfactorily confirmed theory 
and has afforded data of considerable value to the autho- 
rities. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig Iron Market.—The advance in the price 
of pig iron which commenced about three weeks ago has not 
been sustained during the past week. No business what- 
ever was reported last Thursday forenoon. At the close 
buyers offered 57s. 6d. cash, and sellers asked 57s. 7}d. 
There was rather an easier feeling in the afternoon, the 
market being steady at 57s. 6d. cash, buyers offering 
57s. 44d. Business was done in warrants on Friday fore- 
noon at 57s. 6d. fourteen days, and at the close prices were 
a shade firmer, buyers offering 57s. 6d. cash and 57s. 7}d. 
one month open, sellers asking 57s. 7}d. cash. Prices again 
declined in the afternoon, the highest quotation at which 
business was done being 57s. 6d. fourteen days. The 
market closed with buyers over, sellers 57s. 6d. cash. Flat- 
ness was the rule on Monday forenoon. Business was done 
in warrants at 57s. 44d. one month, also at 57s. 3d. three 
weeks, closing sellers 57s. 1$d., buyers 57s. The after- 
noon market was very idle, no business being attempted. 
Prices remained as at the close of the forenoon market. 
The warrant market was again backward yesterday, and 
prices suffered a further decline to the extent of 3d. per 
ton, the closing price being down to within 1s. of the lowest 
quotation touched at the end of August, and Is. 14d. 
under the highest rate paid on Mon y week. Business 
opened in the forenoon at 57s. 1}d., and quotations fell to 
56s. 11d. cash., also 57s. fourteen days, osing nominally 
57s. cash. In the afternoon 57s. ten days and one month was 
paid, and latterly 56s. 10}d. fourteen days was accepted, 
closing for the day, sellers 56s. 10}d. cash, 57s. one month, 
and buyers 14d. less. The market opened quiet this forenoon, 
with business done in warrants at 56s. 103d. fourteen days, 
and 57s. one month paid, but improved to 57s. cash and 
57s. 14d. one month ; closing buyers over at the higher 
quotations, sellers asking 14d. per ton more. In the after- 
noon there was a steady market at forenoon prices, buyers 
57s. eight days, sellers 57s. 14d. It is now abundantly 
evident that prices were pushed up far too rapidly for the 
condition of the iron trade gen: Ti There is certainly an 
improvement in progress, but it is likely to be much slower 
than some members of the ‘‘ trade’’ were inclined to expect. 
Last week’s shipments amounted to 11,903 tons as against 
11,746 tons for the corresponding week of last year. Iron 
still continues to be sent largely into the public warrant 
stores. The increase last week was 2172 tons, and there 
are now in Messrs. Connal and Co.’s keeping 92,400 tons. 


The Scotch Blast Furnaces.—An additional blast fur- 
nace has been blown in by the Shotts Iron Company, and 
the total number of furnaces now in blast in Scotland is 
119 as against 116 for the same time last year. It seems 
rather strange that the Scotch ironmasters, should con- 
tinue to extend their actual ing operations when it is 
being affirmed on every hand that the present prices do not 
yield any profit. 


The Coal Trade.—There is a gradual improvement 
going on in the Scotch coal trade, but it is very slow. It 
is pets noticeable in regard to house coal and steam 
coal, prices having advanced during the past week 6d. and 
3d. per ton, respectively, in the Glasgow district; and it is 
reported that 1s. per ton advance is being given in the Holy- 
town district, miners’ wages at the same time being raised 
6d. per day, which is a very hopeful sign. In the district, 
also, the whole of the “ bings’’ of coal at the pitheads have 
been cleared off. The shipments have lately been pretty 
considerable ; both at the Clyde ports and at Leith, Gran- 
ton, Charlestown, and other ports on the Forth. ‘This day 
week no fewer than twenty coal-laden vessels were enabled 
to leave Leith, owing to a favourable change of the wind. 


Water Supply Schemes,—The Glasgow Corporatio™ 








Water Committee have resolved to extend the area of their 
water supply to the district of Springburn, which is an 
eleva’ district immediately outside the municipal 
boundaries. The necessary works will include one or more 
reservoirs, and a ing engine, the total cost of which is 
estimated at 56601. r. J. M. Gale, C.E., has lately re- 
ported upon a proposed improved water supply for the 
rapidly rising town of Falkirk. He mentions three alterna- 
tive schemes, one of which is estimated to cost about 81731., 
and to give a supply of 20 — per lead per day_to a 
population of 10,000. The Police Commissioners of Kirk- 
wall have resolved upon carrying out an important drainage 
and water supply scheme, and have appointed Messrs. J. 
and A. Leslie, Edinburgh, as the engineers of the whole 
works. They have agreed to apply to the Public Loan 
Commissioners for the loan of 10,1301. to enable them to 
carry out the proposed works. 


Glasgow Trades House.—The annual meeting of this 
ancient body was held to-day, when Mr. Archibald Gil- 
christ, of the well-known firm of Barclay, Curle, and Co., 
shipbuilders and engineers, was elected for the second time as 
the deacon convener, which is one of the most honourable 
public offices in Glasgow. The next office in rank was filled 
by the election of Mr. Andrew McOnie, of the firm of W. 
and A. McOnie, an eminent firm of sugar-machinery 
manufacturers. The various incorporations which make 
up the Trades House havea united stock of about 450,0002., 
of which a ry © amount is disbursed annually to decayed 
members of the house, or their widows and families. 
Latterly, it has been resolved to devote a large sum in the 
promotion of technical education. ‘The leading incorpora- 
tion is that known as the Hammermen. 


Tay Bridge Shares. —Notwithstanding the want of con- 
fidence shown at first regarding the Tay Bridge under- 

ing, the shares are now — at a handsome premium. 
Some of them were publicly sold in Dundee at the price 
of 681. for the 50/. paid. Within the last few months 
many persons who were formerly sceptical as to the 
thorough completion of the grand design, are now glad of 
the opportunity of securing a portion of the stock. 


Death of an Eminent Agriculturist—The death is 
announced to-day of the Marquis of T'weeddale, at the 
advanced age of almost ninety years. Living a great deal at 
Yester House, he devoted much time to the prosecution of 
scientific agriculture on the 2000 acres of land which he 
retained in this own hands. Working with Mr. Shearer, 
his gardener, his lordship many years ago discovered by 
experiment the advantages of deep ploughing, for which he 
subsequently contrived eminently useful implements. By- 
and-by a steam plough—the first manufactured—was made 
and patented, and in the further development of this im- 
plement the noble lord ever afterwards took the liveliest 
interest. To the noble marquis, too, land drainers are 
indebted for the production at a reasonable cost of those 
drain tiles to which the rapid extension of thorough draining 
is to be ascribed. So far back as 1836, his lordship 
exhibited at Inverness a model of his tile-making machine 
apparatus, from which bave sprung the multifarious forms 
which such machinery has since assumed. Not content 
with publishing his invention, the marquis demonstrated its 
value by distributing to his tenants as many tiles as they 
chose to cart away. In consideration of his notable services 
to agriculture, the Highland and Agricultural Society 
some six or seven years ago, in contravention of the rule 
that the office should be reserved for dukes, elected the 
noble marquis its president, and this office his lordship held 
for the ordinary term of four years. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Railway Improvements near Sheffield.—The work of 
doubling the South Yorkshire section of the Manchester, 
Sheffield, and Lincolnshire Railway is making very good 
progress, the present depressed state of the iron trade 
enabling a plentiful supply of labour to be had at a fairly 
reasonable rate. ‘The work has now been completed for a 
considerable distance in the direction of Wombwell, and at 
most of the stations and the numerous colliery sidings, the 
cross-over roads and switches have been put in. In the 
vicinity of Westwood long lines of sidings for the accom- 
modation of the exceedingly heavy inward and outward 
traffic of Newton, Chambers, and Co, Thorncliffe Iron Works 
and Collieries, have been laid down, which will keep all the 
shunting clear of the main line, on which it had hitherto 
been performed. On Tuesday Mr. Sacré, chief engineer, 
Mr. W. Bradley, superintendent, and other leading officials, 
made an inspection of the work in a short train going at 
walking speed. 

The Railway Spring Fitters Lock-Out.—On Saturday 
last at the expiration of fourteen days’ notices the whole of 
the spring fitters at Sheffield were locked out in conse- 
quence of their refusal to accept a considerable reduction 
of wages. The men helda meeting on Monday but kept 
the result strictly private, although it has since transpired 
that they are willing to make some slight concessions. ‘Ihe 
union is chiefly a local one, but there are men belonging to 
it at Leeds, Manchester, Derby, and other towns. 


Explosions at Shefield and Swinton.—On Friday last 
Mr. Frederick Bower, ironmonger, Netherthorpe-place, 
Sheffield, tried to remove a tap from a large iron tank con- 
taining paraffine oil by means of a blow-pipe, but caused an 
explosion of a most terrific nature, and which caused great 
alarm in the whole neighbourhood. At Swinton, on the 
premises of Mr. Barlow, an explosion of gas occurred, doing 
considerable damage. 


Rolling of a Great Armour Plate.—Last week the thickest 
armour plate ever yet manufactured was rolled at the Atlas 
Works of John Brown and Com , Limited, Sheffield. The 
plate was 24 in. in completed thickness, and was perfectly 
sound when examined. ‘This is two inches thicker than the 
thickest plate ever before turned out by any establishment. 
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NOTES FROM THE SOUTH-WEST. 

Penzance Water Works.—Improved reservoirs at Pen- 
zance are now fast approaching completion. The water 
works at Penzance have for some time past been under- 

ing considerable improvement. Large sub-mains have 
feen laid down in lien of the origi ones, which had be- 
come choked and corroded by the action of the water, so as 
to render clearing them impossible. In the No. 2 reservoir 
the puddle walls did not go nearly so low as the bottom of 
the reservoir in the northern parts of the eastern and 
western embankments, which were omy in a shaky 
and uncertain condition, and various methods which were 
tried to keep them together failed. There were also two 
springs in the bottom of this reservoir, so that it was by no 
means water-tight, and failed to be of service to the.town 
during the dry summer months. In order to remedy these 
defects, an inner puddle wall has been formed so as to 
prevent the water from the leak on the outside of the 
northern and eastern embankments finding its way between 
the bottom of the puddle wall and the natural surface. 
The reservoirs in their new state will be probably not 
opened for a month. 


Trade at Cardiff.—The shipments of coal from Cardiff 
to foreign ports for the past week show a satisfactory in- 
crease as compared with the previous week, and the general 
condition of trade indicates improvement. As compared 
with the same period of last year, however, the shipments 
of both coal and ben from Cardiff during September showed 
a falling off. 

Shipbuilding at Devonport.—Of late years very little i” 
the way of building has been done at Devonport ; and ther® 
are now only three vessels in course of construction there. 
These are, the Pelican, 6, composite screw sloop, of 1124 
tons and 900 horse power; the Flamingo, 3, composite 
screw gun vessel, 774 tons, and 750 horse power ; and the 
Condor, a sister vessel. The Pelican (in No. 5 slip) is 
complete so far as the hull is concerned, and ready for 
launching, but her engines are only just commenced, and 
her launch will guebebiey be delayed for two or three months. 
She is a sister ship to the Wild Swan and Penguin, 170 ft. 
in length, 36 ft.in breadth, and 16 ft. 9 in. in depth. She 
will carry two 64-ton guns, and four 64-pounders. The 
Flamingo and Condor, building in No. 3 and No. 4 slips 
respectively, are each 170 ft. long 294 ft. broad, and 
14} ft. deep. They are to be completed by the end of the 
present financial year. 


Trade at Newport.—The arrivals have been numerous 
during the past week, cargoes of grain, wood, and sleepers, 
&c., haying come to hand from the United States and 
Mediterranean, Baltic, and Biscayan ports. — ee of 
steam coal continue steadily to increase, notwithstanding 
the dulness of trade, and each dock has its share of current 
business. Railway iron is being shipped to Natal, Calcutta, 
and to the Baltic. In August more coal was shipped at the 
Alexandra Dock than was ever shipped at Newport in any 
previous month. 

Reopening of Pits at Sirhowy.—One pit has been re- 
opened during the past few ow at Sirhowy, thus giving 
employment to many who would otherwise have remained in 
enforced idleness. Some small orders will set two of the 
Tredegar mills going next week, but the work will be 
finished in less than a fortnight. 


Rhymney Iron Works.—Owing to the dull state of the 
iron trade the whole of the Rhymney side mills were 
stopped on Thursday morning, 


Discovery of Coal in North Wales.—A valuable seam of 
coal has just been found at the West Mostyn Coal and Iron 
Works, better known as “‘ Parlwr Sdu,’’ Ffynnougweyw, 
Flintshire. About two years ago, sinking operations were 
commenced but with little prospect of success, there being 
considerable difficulties to overcome, the pit being on the 
foreshore of the Dee close to the Point of Ayr, with the 
water, at high tide, almost washing over the spot. One of 
the difficulties was sinking through 20 yards of quicksand. 
This was overcome by the engineer (Mr. John Higson, C.E., 
Manchester) by “‘ tubbing,”’ a cutter being first set to cut 
through the sand; and the pit was built by series of 
segments, which sank into their place by gravitation, the 
water meanwhile being pumped out of the shaft. When 
the clayey strata were reached the pit was cased with 
iron, from the bottom of the tubbing, and this was 
continued until the rock was struck, for a distance of 
about 40 yards from the surface. The sinking was after- 
wards continued with rapidity and success, and when the 
distance of 90 yards had been reached, a workable seam of 
coal, three yards in thickness, was cut through. The coal 
is similar in quality to that erally found on the shore 
of the Dee. ‘The present dp of the pit is 103 yards, and 
t is intended to continue the sinking until another large 
seam of coal is reached, which lies about 40 yards deeper 
than the seam lately opened. 





TUNNELS ON THE SOUTHERN Raitway.—There are 17 
tunnels upon the Southern Pacific Railro:.d between Caliente 
and Los Angeles, a distance of 19 miles. The tunnels a 
in length from 158 ft. to 1156 ft. ; theiz combined lengt 
is 7684 ft. Nearly all these tunnels are heavily timbered. 
They are 22 ft. in height, and the shoulders at the springing 
of the arch are 19 ft. 4 in. Inthe Soledad there are two 
more tunnels, Nos. 18 and 19, the first being 264 ft. long 
and the latter 332 ft. long. The longest tunnel on the coast 
is the San Fernando; this tunnel is 69664 ft. in length. 
This tunnel was commenced March 27, 1875 ; the headings 
met July 14, 1876, and the timbering was completed 
August 9, 1876. The tunnel is built on a le of 37 ft. to 
the mile, and it is perfectly straight, so that one can see 
through it. Tunnel No. 9 is at the loop of Tchachepi Pass; 
this loop completely encircies a mound and thus gains an 
elevation of rathermore than 77 ft. 
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WE annex illustrations of an arrangement of circulating 
tubes for boilers, which has been designed and lately 
patented by Mr. J. C. R. Okes, of 84, Upper Whitecross- 
street, E.C. The arrangement is so clearly shown by the 
views we publish that it scarcely requires description. 
The object Mr. Okes has in view is to afford increased 
heating surface, and to improve the circulation by taking 
the water to supply the tubes from the coolest part of the 
boiler. The arrangement consists of a series of bent 
wrought-iron tubes aa, connected by means of the junc- 
tion pieces 6 and casting c with the boiler below the ash- 
pit, while their upper ends are similarly connected with 
the boiler above the flue by the castings e. Doors for 
cleaning the tubes are provided at A andc’. The open- 
ings at the upper extremities of the tubes are somewhat 
reduced to prevent excessive rapidity of circulation in the 
tubes and priming, and it will be noticed that none of 
the joints are exposed to the action of the fire, but are 
situated where they are readily accessible. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

Quarterly Meeting of the Iron Trade.—Yesterday the 
quarterly meeting of the iron and allied trades of the North 
of > was held at Middlesbrough. Inthe fine Exchange 
hall the usual facilities were afforded for the exhibition of 
any articles interesting to the trade, but only one person 
availed himself of this privilege, and he did not show any- 
thing new. The prices of pig iron were fully maintained, 
46s. 6d. per ton Tales paid for No. 3 and proportionate 
rates for other qualities. There was not, however, a great 
deal of business done. Makers are firmly of opinion that 
<> the reduced panes power the quotations will 
soon be higher than they are at present. 


The Monthly Returns.—Within the past few days the 
Cleveland Ironmasters’ Association returns have been pub- 
lished. They show that of 163 blast furnaces in the North 
of England 108 are in operation, 55 being out of blast. 
There are two new furnaces in course of construction. 

The Finished Iron Trade.—There is rather more inquiry 
in the finished iron trade, but there is no perceptible im- 
pone in actual business. In different parts of the 





orth of England there are works still standing idle, and it | 


is feared that it will be a considerable time yet before they 
are again in full swing. 

The Wages Question Again.—The employers connected 
with the Board : ath 
settlement of disputes in the manuf: . iron trade 
of the North of England, have just given a three months’ 
notice to terminate the existing arrangement as to the 
wages of ironworkers, which is on the gee of 
8s. 3d. per ton for —s This step has taken 
owing to the falling off in the net average realised selling 
price of 6s. 6d. per ton, as compared with the quarter 
preceding the 31st August last. In the present depressed 
state of affairs, it would appear that the men have only 
one course open, and that is to accept a reduction. 





The Affairs of Messrs. Thomas Voughan and Co.—It 


of Arbitration and Conciliation for the | 


CIRCULATING TUBES FOR BOILERS. 








will be remembered that at the meeting of the creditors of 
Messrs. Thomas Vaughan and Co., of Middlesbrough, re- 
cently held in London, it was agreed to liquidate by 
arrangement. The resolutions passed at that meeting have 
been objected to, but the Registrar of the London Bank- 
ruptey Court has decided that the resolutions should be 
registered, and has disallowed the costs of the opposition. 
The blast furnaces, mines, and extensive works of Messrs. 
Vaughan and Co. are in operation, and it is hoped that 
arrangements will be made to continue the operations 
without any interruption. 





Oxrorp Marin Drarnace.—During the past twelve 
months great progress has been made with this extensive 
scheme. Most of the heavy works have been completed, 
including the outfall sewer from Christ Church Seallew to 
the pumping station at Littlemore ; the western sewer, from 
the river Cherwell through Christ Church Meadow, St. 
Aldate’s, St. Ebbe’s, and St. Thomas to Osney ; the north- 
western sewer, from Titmouse-lane, through Worcester 
College Gardens, to Albert Street, Jericho ; the short length 
of the north-eastern sewer across Merton Field, which links 
the drainage of the central and north-eastern part of the 
district with the outfall ; the eastern sewer, through St. Cle- 
ment’s, ane of the drainage east of the Cherwell ; 
and nearly the whole of the sewer across the valley to unite 
New Hincksey with the outfall ; besides a large number of 
branch mains ; in all—three miles of brick culverts, varyin 
in size from 4 ft. 6 in. by 3 ft. to 2 ft. by 1 ft. 4 in., atl 
miles of pipe sewers and surface drains, ranging from 18 in. 
down to - in a SS Lo — it has been 
nD carry out seve: i t tunnelling operations, 
v.: Gakic the castle tower and ~ oy pct gaol 
premises adjoining, close to the mill, and at a lower level 
than the bed of the river ; under the Great Western Railway 
near |the station ; the malt-houses in Titmouse-lane; the 
house against the canal wharf, and other places, which 
have all been satisfactorily done. Cast iron tubes, encased 
in concrete, have been laid underneath the two branches of 
the river at Pacey’s-bridge, and the canal has been crossed 
at the goods wharf. The sewers have also been carried 
twice under Trill Mill Stream, and a third crossing is now 
in hand. A dam has been put in for laying an inverted 
siphon under the river at Osney, and a similar siphon 
crossi the main river near Saunders’-bridge is partly 
done. These last-named works have, however, made but 
slow progress, owing to the obstacle presented by the hard 
conglomerate below, through which the piles have to be 
driven, and the consequent difficulty of making a water- 
tight dam. At the pumping station a cut or canal has been 
made from the river up to the site of the intended buildings, 
with river walls, embankment for road, flood openings, and 
| other matters. A considerable number of house connec- 
tions have been made, and about half the district is now in 

communication with the new system, the old outlets into 
| the rivers and streams being acre used, and the 
| engineer (Mr. W. H. White, A-I.C.E.) anticipates that the 
| works within the city will be nearly or quite finished this 
= except the remaining house connections. The Board 
purchased about 350 acres of land for irrigation, and 
| the works necessary for that purpose will be commenced 
| shortly. 
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CLASSIFYING ORES. 
and Lowe’s Apparatus for Classifying Low Grade 
Wongler and..vthe German Method of Ooncentration.® 
Wirutn the limits of this article it would be impossible 
to enter into a detailed description of the cent 
ing floors recently erected at Clausthal, at a cost of over a 
ion thalers, or to enter into a minute description of the 
less extensive, but more complicated, system of Fagen 
beth of which le more in So Senne 2 Ser whic 
id soon e its appearence as an ion to mining 
nue, The present article will mainly bear upon the 
recent introduction 


ep red to 
he Freiberg system, where the classifying method 


of classification, the great essential 
concentration, and a few remarks upon 
is in use. 





& daws age of the lame of mesing Seales of different 
gravities in wa in ascending and descending cur- 
rents of sag is the foundation of a successful treatment. 


thoroughly the classifying system now so popular in many 
of the great mining districts of Europs. . Ee 
Classification is an old term, but in a practical sense it is 
new in mining vernacular. It is the method of ifyi 
ores, ping tas how simple or complicated they may be, 
into different corn sizes, from one to a hundred, if it is 
desired, by a system of vessels arranged in a mathematical 
series, according to their capacites, in conjunction with a 
series of columns of water of varying UPP » with the same 
hydraulic head, but greater from the head on the apparatus 
reacting up and against the descending columns in the 
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The question, ‘‘ How to treat low grade ores success- 
fully ”’ only been partially answered in this country, 
and as means have long been needed to treat such ores 
legitimately and economically, we naturally turn towards 
Europe, the mother of mining, for some tangible evidence 
or means for basing a system which will meet with suffi- 
cient encouragement to give it strength to answer the 
above question. To dress ores successfully is as important 
and as difficult as to smelt them cmseaeiiiie, uiring the 
ingenuity of a skilful mechanic, and the brain of a mathe- 
matician, for the laws of hydraulics and the specific 
yepertes of bodies play the great réles in the treatment 





* From the New York Engineering and Mining Journal. 























vessels containing the stamped material, thereby classifying 
such stamped material into different corn sizes or grains, 
and completely freeing them from their slimes by virtue of 
their superior resistance to the upward reacting currents. 

Above is a drawing with sections and description, with 
results of the classification, designed by Robert Moritz 
Wengler, Director-General of the famous Himmelfahrt 
Fond Mine at Freiberg, and recently introduced in the 
United States. Fig. 1 is PM pal Fig. 2, an elevation ; 
Fig. 3, a longitudinal vertical central section ; Fig. 4, a 
transverse vertical section through AB; Fig. 5, a like 


section through C D. 
The classification consists of five reversed pyramidal- 
shaped vessels, i ing in size, which vessels, when full, 


are in communication with each other: they are shown in 


329 
the drawing from I to V. From the bottom of each vessel 
there extends a tube, as shown at a,b, c, d, and e, and each 


tube is connected with a tubular foot-piece, as shown at 
f,9, h, i, and k. From a trough G, situated some distance 
above the apparatus, a series of five tubes 1, m, n, 0, and p 
extend down and connect each one of the foot-pieces. The 
trough G serves as a clear water conduit to supply water to 
the tubes f, 9, h, i, and k. Attached to each of the tubes 
last mentioned are small sluices or gates, q and r, inter- 
mediate between which is the lower end a, b, c, d, and e of 
the vessel which opens into the tube. The siuices serve to 

te the influx of water and the efflux of the corn or 
kernels of ore. 

The trough H serves as a conduit for the stamped material 
as it comes from the stampers. At the other end of the 
_—— is another trough J, which carries off the slimes. 

e modus operandi is as follows : 

The water in the trough G is, as before stated, above the 
level of that in the main portion of the apparatus, and it 
therefore has a more powerful head ; consequently, if the 
sluices be so adjusted that the efflux opening st r be smaller 
than the influx opening at q, thena part of the pure water 
which would otherwise flow out at r will reach up and 
against the downward current on, for instance, the tube a. 
It will therefore be seen that it is possible for such kernels 
or  eaper only, whose weight is greater than the resistance 
of the up reacting stream, to flow out at r, the other 
and finer ore, together with the slime flowing over into 
section two, where the same operation is repeated, only on a 
finer scale, and so on to the last section cr vessel which re- 
—_ all _ slimes and — — a . te Tu. ae 

e operation is again gone with, and, by a simp 
adjustment of the sluizses of this fast section, all the slime is 
made to pass over into the trough J mechanically mixed, 
with a loss of about 4 per cent. ore, which loss 1s subse- 
quently treated and concentrated in a systematic manner. 

e separation of the different corn or grains can be 
accurately es. inasmuch as the slightest movement 
¢ the yo pa aS & a een —. 

ion, and according as the reacting stream is stronger or 
be os classified wanes from 4 mass of 
stamped ore correspo y coarser or finer. 

The graded or classified corn, as it passes out of the 
tubes a, is carried by a simple arrangement of water-ways 
to its en ed place of concentration, which will be treated 
in the few remarks on the Frei system. 

As a short recapitulation of the results obtained at 
Freiberg, the following are given. The classificator ) 
per hour, 64,800 litres of stamped material mixed with 
water, and containing from 2300 lb. to 2500 Ib. of ore and 
slime. A litre is a little over an English quart, or in round 
numbers, it passes 16,200 gallons per hour. 

The following Table gives the working capacity of each 
section per minute, hour, and day : 



































3g s 5 3 
2 ta es} ° 
3s A A i 3 A S gz 
& i 2 g 2 a a be 
Siig ° q § A Be Remarks. 
i oe i 3 be ag Ca] s £ 
Es 2 - S a 2 &, 2S 
a \eGha @ $i] # |i 
o- 5 > 5 2 
a |aA POF A IE ny |B 
Diameter of 
I. |765| 10,78) 4390 | 646.8} 110,160 | 7.056 corn 4mm. 
, I 17% 6.82 | 4820 | 409.2 | 103,680 | 4.564 
Ill, |65.2| 4.62) 3912 | 277.2| 93,688 | 3.024 1mm, and 
IV. /465. 3.41 | 2700 | 204.6] 64,800 | 2.232 under 4mm. 
V. (89.3) 2.97| 2358 | 1782} 55,592 | 1.944 
Totals |29.8 | 28.60! 880 |1716.0 | 427,920 |18.820 








Total passed per day, 1,555,200 litres, of which 427,920 
litres pass through the tubes wu from the classificator, 
leaving 1,127,280 litres of ‘‘ Triibe’’ conning: about 4 per 
cent. of the stamped ore, which passes over the apparatus 
into the trough J, and which carries it to an ordinary 
‘* Spitz-lutten” apparatus of two sections. Of the 427,900 
litres passed through the classificator, they contain 18,820 
kilogrammes of classified and slime-freed ore, or 41,404 ]b., 
or nearly 20 tons, from a battery of 24stamps. The eco- 
nomy and simplicity of this system_have awakened the 
greatest interest at the Himmelfahrt Fund Mine, and those 
who are familiar with the complicated character of the 
Freiberg ores are also aware of the extreme difficulty they 
had met with, heretofore, in ing the same, especially 
the ore of the kiesblendigen lead and heavy spar forma- 
tions, consisting of quartz, gneiss, clay, heavy cale-braun- 
fluor-spar, and carbonate of iron, galena, zine-blende, 
copper, and arsenical pyrites, besides traces of native 
silver, glaserz, ruby silver, melanglanz, and lugenglanz. 
The extreme tediousness of the old method of transporting 
the stamped ore from the ‘‘ Mehlfuh ”” or reservoirs 
near the stamps to the shaking tables, and the unsatisfac- 
tory results attained for the want of a system of slime- 
freeing gradation, led the director, Mr. Wengler, to design 
the a tus as oo pen in the drawing, through 
which they were enabled to arrive at an excellent degree of 
ification, or, in one went, the stamant ore a a 
batteries, after passing thro he different sections e 
classificator, passed on to the jiggers and shaking tables 
as pure as sand, completely from all their slimes, 
which, in the old method, were a source of great trouble, as 
the arrangements they had for eliminating the slimes were 


ect. 
wy on my great advan which was expected, and 
which will be readily seen should occur, was that the grains 
of galena, iron and arsenical pyrites concentrated upon the 





jiggers and shaking table, were of the same size and 




















































ENGINEERING. 








33° 

ht (the all- eondition successful treat- 

), due, as be seen, to the resistance of} 
the upward currents ; whereas by the old methods: 
the concentrations were not the 
additional work of separa corn from the: 
conser, anh Gapiaataliahan the latin before seeding i 
to the smelting works. 


Rfter and feed rd twenty-four proces with ore, and the con- 

centration of the same and slimes upon sixteen shaking 

tables and a system of jiggers. From theold wheelbarrow 

system of transportation and treatment, a superb system, 

brought down to a mechanical nicety, has been developed. 
(To be continued.) 








ON A METHOD OF MEASURING VERY 
SMALL INTERVALS OF TIME.* 
ae ment Mr. tr oy comes: 

E met! am goin determining 
very small in pred which elapses between two pia 4 
ceassive mechanical actions, I believe to be trustworthy 

when proper precautions are used. It is based upon the 


fact that a — en jar or other form of accumulatort 
can only be disc at a certain definite rate through a 
given circuit. 


It is common knowledge that if a telegraph cable or 
accumulator have an electrostatic capacity of rf farads, and 
the resistance to leakage or poe ry = rede between its two sides 
R ohms, the time (¢ seconds) required for any initial 
charge of the pes P to dithinish to a remainder at the 
potential p wi 
Gi B log., r seconds, 
assuming that all the electrici which we have to deal with 
resides upon the coatings and that it is free to be disc 
This pro roe! meiner 9 expressed, is ote orga Aa for 
finding the ins tion vedsteueas of submarine cables when 
fears a ane ae are known and the initial charge is allowed 
to leak or discharge through the dielectric alone during a 
given number of minutes. 

In employing this method for the measurement of time, 
it is necessary to know exactly the value of the resistance : 
and as this could not be de upon if the discharge took 

lace through the dielectric, a known wire resistance r has 
bo be inserted between the two sides of the accumulator, so 
that the time during which the potential P of the charge 
falls to p is: > 


Ff log., = 
224 Eee 


= -- oe seconds. 





The internal or insulation ee ny RB of the accumulator 
peck made so great in co i with rthat it may 
~as a h be regarded as infinite, the time is then ex- 


t=fr log., = seconds. 


Assuming that the excursion ot the light-point of a mirror- 
galvanometer is proportional to the i of electrity 
suddenly discharged through its coil, the excursions are 
respectively C and ¢, the time is : 


t=frilog.. £ seconds. 
te 


The only values therefore required to be known are the 
pred 0) <™ the accumulator, and the resistance (r) of the 
The measurement is independent of the 
pam of Mark of sensibility of the galvanometer and of the electro- 
motive force of the battery, — of which, however, 
must vary during an observatio 
I have employed this system to determine the intervals of 
time which elapse. 
wt Between the successive interruptions of two circuits, 


- tween making and breaking a single circuit. 
interval of time to be measured is, of course, — 

which the accumulator is allowed to partially 
poy tself through the mr nae resistance. 


Fug , 
| 
4 
| 





Wher the thas tp be peseane is Par which elapses be- 
tween the successive interruptions of two cirenits, the 


apparatus is arranged in principle as is shown in Fig. 1. 
* From the Philosophical Magazine for May, 1876. 
Commonly called a “‘ condenser.” 
With a mica accumulator of } microfarad ees the 


seh enya naire fos 


ably over 200,000 megohms, so that practically it be 
aby ore 30,000 mogotms 0 that practi 1 may 





| 





The two two circuits which have to be broken are # and }—first 
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a then 6. In the , @ and’} are to 
by way of illestation, to thin wires seeted et 

wend bw 4 a in such a way that | the accumulator A by the battery E. The light hammer 
The battery E bas so ittle re direction ofthe arrows. b ¢ about 1 oz.) is then s struck against 
The battery E ittle resistance* in parison with | B- immedia to rebound off again. During 
that of the wire r that the potential of the the interval which elapses between the contact by b and its 
accumulator A remains practically unaltered when r is promt = gh or what may be‘ termed the electrical duration 
made infinite. the blow, the accumulator leaks through r ; and the re. 


A key of peculiar construction is convenient for observing 
the initial charge. It consists of a lever (K) turning on 
_< at 4. Rett in its position of rest (as shown in the 

gure) the rigid contact, 1, at the top in front, and the 

spring contact, 2, underneath at the back, are both i in con- 
nexion with the lever. When the knob is depressed the 
rigid contact 1 is first interrupted ; an instant afterwards 
the spring contact 2 is interrupted ; and lastly the front 
contact 3is made. This arrangement i insures the removal 
of the discharging resistaace ,r, before the interruption of 
the — by the key. 

fora moment the knob of the key, the re- 

sistance ——— ttery are, therefore,’successively interrup' 
jand the instantaneous discharge from the accumulator is 
‘read off by the excursion of the galvanometer-needle at G. 
This gives the value C. 

Letting the key resume its position of rest and recharge 
the accumulator, the wires a and 6 are in turn interrupted 
by firing a shet —_ them. The interruption of a puts 

the battery ont of action ; and the charge which is in the 
accumulator at the moment commences to flow out through 
the disc wire r. This flow is stopped as soon 
jas the shot reaches and breaks 6. The observer, as soon 
las he hears the report, depresses the key and reads the 
— (c) of the needle due to the remainder of the 


of this method _— upon the conditions 
(1) ‘thas the difference of poten’ ae “4 two sides of 
the accumulator is not altered practically poles bei 
— by the disc wire, vend (2) Ae the | en whic 
elapses between the interruption of the circuit b and the 
pause down of the key is not sufficient to allow of any 
oss through the dielectric. Further on I will show how 
nearly these conditions may be secured. 

Itis, of oes ea to have oreryant of the ap; 
ratus as wel ible ; and it is d desirable that 
the disc vealahener and a shunt across the galvan- 
ometer, ahead so adjusted that all excursions have about 
the same — The following are a series of pepew ey 




















made om a bullet from a small breech-loading poc! 
pistol t Sees (as in Fig. 1) from one vette 
to 4 ft. apart, the muzzle being close to t e first wire. The 
accumulator was insulated with mica and shellac; = 
capacity was $ microfarad (f= 0.333 x 10-® farad) ; 
leakage in 15 minutes was o or r cent., and theratore 
its insulation resistance about megohms. The dis- 
on wire had a resistance of 100,000 ohms. The 
t (Fry r) was therefore=0. 0333. 
, e Cal- 
| > | Excursion of Light. | of Flight culated 
: is ealoulated | Veloci 
7 r log.. = | ° > 
: (/ en ) a. 
C. c. t. t 
ft. | divisions. | divisions. second. ft. per s. 
a) 3 300 280 0.0023 436 
2; 1 300 281 0.0022 457 
3/1 300 280 0.0023 436 
4/2 300 251 0.0059 340 
5; 2 300 256 0.0053 379 
6; 2 300 260 0.0048 422 
7) 2 300° 259 0.0049 408 
8/; 3 299 240 0.0073 408 
9; 8 299 245 0.0067 450 
10; 8 299 250 0.0061 496 
ll 3 299 256 0.0052 576 
12) 3 299 246 0.0065 460 
13| 4 299 230 0.0087 458 
14| 4 299 229 0.0089 451 
15 | + 299 225 0.0095 422 
16) 4 299 231 0.0086 467 
| 

















A glance at these results shows that the separate ob- 
— kp not — y" rtp thei from a - mean value than 
co well accoun ‘or by the of the charges 
of powder in the cartridges. —- 


Frg. 2.. 


je 


Pest @ 
| ) 


When the time to be determined is that which si tuat the |g 
tween making and breaking a circuit, I have found that the 


= 


| apparatus ma bre —ar'f be arranged in principle, as is 


shown in the sketch 
My pied Gr tala not required to be connected 
y the discharging resistance r while charging the accumu- 
Lor and therefore a very much“ lower value of r may be 


contador is Mitngurei-Gn the @alvasionster (G depressing 




















a ea The same accumulator was used in 
these experiments as in the previous ones. 
Excursion of Light Point. Pwaie of Blow 
a 
i . r. es r Be 4 = 
Initial + a Remainder, 
° c. 
ohms. seconds 
308 265 1000 0.000050 
308 264 1000 0.000051 
308 269 1000 0.000045 
308 265 1000 0.000050 
307 261 1000 0.000054 
306 260 1000 0.000054 
306 262 1000 0.000052 
307 267 1000 0.000047 
| Mean | 0.000050 








It now remains to be s) 

1. That the results Stained ty this method agree amongst 
themselves, and 

2. That the intervals of time calculated by the formula 
agree with the observed time. 

The observations made with the hammer and anvil (Fig. 2) 
were sufficiently uniform to suggest that, by discharging 
the accumulator gradually by a series of blows of as nearly 
equal anes as possible, the time of each blow might be re- 

equal instalment of the whole time during 
which the discharge through the resistance wire took place. 

The following series of observations, with their ciinaiodel 
results, amply proves that this view was correct : 





























ms o- 
5 | ze Calculated Time 
= Excursion of the | =F 
Sb Light Point. g 
B™ Ss i 
3 g = of each 
ER & 3 of Dis- 
seal Ms S's « | charge, t |blow, — 
ohms. | second. second. 
10 811 109 1500 | 0.000524 | 0.000052 
9 811 121 1500 | 0.000471 | 0.000052 
8 811 139 1500 | 0.000402 | 0.000050 
7 $11 105 1000 0.000362 | 0.000052 
6 811 120 1000 | 0.000317 | 0.000053 
5 310 138 1000 0.000269 | 0.000054 
4 310 128 700 0.000206 | 0.000051 
3 310 125 500 | 0.000151 | 0.000050 
2 309 118 300 | 0.000096 | 0.000048 
1 309 145 200 | 0.000050 | 0.000050 
| Mean _...| 0.000051 











In 1872 I commenced a series of oertnwte with the 
view of comparing the results calculated by this method 
with the time given by some form of chronoscope. The 
difficulty I met with, however, was to find a chronoscope 
of sufficient sensibility to give a contact or series of con- 
tacts of known duration. For this purpose the late Sir C. 
Leer ve me with Dare rm aid he always gave to a 

ical inquiry, p in my hands an apparatus whick 
poy tice been very ingeniously designed and constructed for bim 
some years before by Mr. Stroh for a different purpose ; 
and with this apparatus, furnished with suitable electric 
contacts, I made several attempts to check the correctness 
of the formula.* 

This apparatus consisted of a disc of metal with a 
heavy rim, set in rotation by the force of a fpring which 
was arrested by striking against an anvil, whilst a pointer 
jem 5 with the disc struck a blow against the end of a 
small lever at some point of the revolution determined by 
its position. The duration of the contact was 
last from the instant when the impelling spring stru the 
anvil until the pointer on the disc struck the lever; and 

as it was assumed (and found) that the veloci at any 
point of a single revolution was ly ae the 

lacing of the pointer enabled an interval of very 
Sasetion to be insured. The results which I obtained, tee. 
ever, with this a tus, although highly interesting, were 
not concordant, appearing to be a variableand rather 
considerable interval between the closing of the contact 
and the motion of any electricity in the circuit. This be- 
haviour, which had induced Sir C. Wheatstone to lay the 
tus aside, induced me to r it also as not 
ciently exact for the purpose for which he had sug- 
gested that I might be able to use it. 

Much occupation prevented me taking a thy & this niet 
again until recently, when I recommenced making a 
a aus ents, Ry this little or apparatos A 
‘ound the cause of its irregularit vi a 
the sudden stopping of the impelling spring. I therefore 





| = A age call of Dis tathry ot irps wet 








* I was much indebted to the industrious aid which Mr. 
J. Rymer Jones rendered me in these observations. 
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had it reconstructed so that each part was placed upon a 
separate base, and found that it then fulfilled all that could 
be desired of it. 

The periphery of the rotating disc is divided into 500 
equal parts ; and as the finger or pointer is furnished with 
a nonius by which yoth of a division may be accurately 
read, or révoth of the periphery, it follows that when the 
disc makes two revolutions per second, the finger may be 
placed to give a blow at any desired interval between 0.0001 
and 0.5 second. ’ 

The force of the spring is adjusted as nearly as can be to 
give the requisite initial speed of rotation by observing the 
engraved divisions of the disc, which become visible in suc- 
cession under the fibre of a small telescope when illuminated 
by the spark of an induction coil, the primary circuit of 
which is opened and closed by a half-seconds’ pendulum. 

The way in which I have employed this apparatus for 
controlling the above method of electrically determining 
very small intervals of time is as follows : The body of the 
disc d d and spring are connected to one side of the mica 
accumulator A, Fig. 3. The spring e’ e, whilst trigged, 


e s 


zg. Fug: 3.° 








me /\\ a 
rim ‘= e 


rests in contact with a point s, connected with one side of 
the battery E. The remaining sides of the accumulator 
and battery are connected together. In this position, 
therefore, the battery charges the accumulator. Contact 
m is joined through the adjustable wire resistance 7, and 
contact n through the galvanometer G, with the point of 
junction between battery and accumulator. On releasing 
the dise the spring e, leaving s, breaks the battery circuit, 
and, coming into contact with an anvil in electrical con- 
nexion with the support of the lever J, allows the charge of 
the accumulator to leak partially away through m andr 
until the pointer i, rotating with the disc, strikes / from m 
to n, thereby stopping further discharge through r, and 
putting the accumulator to the galvanometer, which in- 
dicates the remaining electricity c. 

In the experiments which follow, the object was to com- 


pare the relation of the excursions ( — } as observed with 


c 
the same relation caleulated by the aid of the formula, on 
the assumption that the time intervals as indicated by the 
index of the pointer on the disc were correct. The same 
accumulator was used asin the previous experiments. The 
battery consisted of two Leclanché cells. The galvano- 
meter coil was shunted by a wire whose multiplying con- 
stant was=8 in reading the excursions due to the initial 


charges C. 




















2s } 
£2 = Excursions of Needle Cc 
oe to Observed. — 

“Ss = c 

“8 | Be 

Bs| 88 

b= | 23 

a2| 22 | «© c. | Observed.) Caleu- 

sec. | ohms divisns. | divisns. 
0.0002 500 232 x3 204 3.41 3.32 
0.0003 700 232 x3 206 3.38 3.62 
0.0004} 1,000 233 x3 226 3.09 3.32 
0.0005} 1,200 233 x3 214 3.27 3.49 
0.0006} 1,600 233 x3 228 3.06 3.08 
0.0007} 1,700 233 x3 210 3.33 3.44 
0.0008} 2,000 2343 216 3.25 3.32 
0.0009| 2,300 2343 226 3.11 3.23 
0.001 2,500 234x3 218 3.22 3.32 
0.002 5,000 234x3 224 3.13 3.32 
0.003 7,000 2343 216 3.25 3.62 
0.004 | 10,000 235x3 208 3.39 3.32 
0.005 | 12,000 235 x3 200 3.52 3.49 
0.006 | 14,000 2353 198 8.56 3.62 
0.007 | 17,000 235x3 206 3.42 3.44 
0.008 | 20,000 236 x3 210 3.37 3.32 
0.009 | 23,000 235 x3 212 3.33 3.23 
0.01 25,000 237x3 215 3.31 3.32 
0.02 50,000 236 x3 213 3.33 8.32 
0.03 70,000 2833 196 3.57 3.62 
0.04 100,000 231x3 208 3.34 3.32 
0.05 {130,000 232 x3 217 3.20 3.17 
0.06 {160,000 236 x8 230 3.08 3.08 
0.07 |i80,000 235 x3 219 3.22 3.21 
0.08 {200,000 235 x3 210 3.36 3.32 
0.09 230,000 235 x3 218 3.24 3.23 . 
0.1 250,000 2343 210 3.34 3.32 








It is evident from this Table that the agreement between 
the intervals adjusted mechanically and those calculated by 
means of electrical leakage is very close, and that the 


formula ( t=f r log. < ) is not only applicable for slow 
discharges through very high resistances, but equally so 


——_ discharges through low resistances. 
ese two series of test experiments I think show con- 





clusively that this system affords results which, through a 
wide range of time intervals, are comparable with each 








other, and, further, that within a small percentage these 
calculated intervals are correct 


in are ie 

In the method in which two circuits are broken, the dis- 
charging resistance is kept in eireuit whilst the accumulator 
is being charged, on the assumption that the battery re- 
sistance is so small in comparison with it that the potential 
of its poles is not thereby altered. This is theoreti 
evident ; and the pg mak wpe of the instantaneous 
discharge when the poles were connécted by re- 
sistances of various values show that, until the discharging 
wire is reduced in resistance much below that which is re- 
quired to be used in the method, no appreciable error is 
introduced. . 


Resistance between : 

Poles of Battery. Discharge. 
Infinite ... * ott. M7 
100,000 ohms 277 

0, ” at 


1,000 ,, bee ses, ae 

It is also assumed in both ways of working, that the time 
which ela between the interruption of the dis¢ i 
wire and the closing of the galvanometer circuit is insufficien’ 
to allow of leakage through the dielectric of the accumulator. 
The following experiment was made for the purpose of as- 
certaining the actual leakage of the accumulator for various 
periods of insulation : 


Instantaneous discharge ... =275 
Discharge — 1 minute... < 
” so + ” =202 


hse att i, =269 
9 9? 7 . 

It is evident, therefore, that, were even fifteen minutes 
allowed to elapse before taking the reading, the error 
through this delay would be only about 1 per cent. There 
is oaltine, however, to prevent the reading being taken 
within a second or two. 

In employing this system I have found that there are 
certain precautions which it is necessary to p in view. 
In the first place, it is desirable, in taking the ings of 
the excursions of the needle, to so adjust the resistance 
wire that the value of c is not too nearly the same as that 
of the initial charge ©. When they are nearly of the same 
value, a very slight error of observation makes a materi 
error in the t, because the difference of their logarithms 
may increase or decrease much more rapidly than the 
numbers themselves. On the other hand, the propextion 
between C and c should not be too great; in other words 
the accumulator should not be too empty when its reduced 
charge is observed. The electricity which flows from a 
a into an accumulator (assumed to be perfectly in- 
sulated) is employed in two ways: (1) it suddenly charges 
the coatings inductively ; and (2) it ually polarises or 
charges the dielectric material. When the charged coatings 
are connected t h a small resistance, the coatings are 
first discharged suddenly, and the “‘diselectrification”’ or 
discharge of the dielectric (which commences at the same 
instant of time) goes on a. We should therefore 
be prepared to find a small quantity of electricity still in 
the accumulator long after the have been dis- 
cha: . This is more observable when the disc 
takes place suddenly than when it takes place 
(that is, through a high resistance), because in the latter 
case the diselectrification current, which is very small in 
comparison with the discharge current, has time to creep 
out of it unobserved. 

This, however, has an effect only when the accumulator 
becomes very empty and the readings of c are so small as to 
come within its disturbing influence. By selecting the 
discharging resistance of such a value that the measured 
remainder from the accumulator is never less than one-third 
or one-fourth of the initial charge, all fear of error from 
this cause may be dismissed. 

There are numerous applications in which the determina- 
tion of time intervals of yery small duration may be found 
of practical value ; and I think that this system may be 
depended upon. 

n conclusion I must acknowledge the valuable assistance 
which I have had, both in arranging the apparatus and in 
making the observations, from Mr. M‘Eniry. 


FOREIGN AND COLONIAL NOTES. 
American Blast Furnaces.—At the close of 1875 there 
were 713 biast furnaces in the United States, as compared 
with 693 at the close of 1874. There were also 10 more 
furnaces in the course of construction at the close of last 
year. On the other hand, there were at the same date 420 
furnaces out of blast. 


Pennsylvanian Coal.—The production of coal in Penn- 
sylvania to September 2, this year, amounted to 13,028,654 
tons, as compared with 14,782,009 tons in the co nd- 
ing period of 1875, showing a decrease of 1,753,355 tons 
this year. Anthracite coal figured.in this decrease for 
1,642,292 tons. 

The Philadelphian Grain Trade.—In consequence of the 
increase which has taken place in the export grata trade of 
Philadelphia, the Philadelphia and ing ~ Railroad 
Company has projected the speety erection 0 ele- 
vators, docks, and storehouses for grain at both its Willow- 
street and Port Richmond depéts on the Delaware. The 
——— have been matured, are to be at once put into 
execution. 


Croton Water.—An official notification has been issued 
requesting the population of New York to carefully abstain 
from ing m water. The notice states that con- 
tinued dry weather has so dwindled and reduced the streams 
which feed the Croton river that a large quantity of water 
has had to be drawn from the lakes and storage reservoirs 
in Patnam county. 

Russian Railway rn onge fen receipts of all 
the Russian lines in the first of this year were 
67,251,360 roubles, against 69,034,151 roubles in the corre- 
sponding period of 1875, showing a diminution of 782,790 
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cally coat ied Michigan, 5 per 
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roubles this year. The extent of line in operation at the 
close of June, 1876, was 17,658 versts, as compared with 
17,006 versts at the close of June, 1875. 


American Metallurgical yon —Of the pig iron 
made in the United States last year Pennsylvania ied 
io, 18} per cent.; New York, 1 vor} 
cent. No other state contribu 
more than 3 per cent., or even attained that in 
the total supply. ; 


Australian Steam Navigation.—The.Ethel. Jackson, a 
steamer of rather dimensions has -just- been built for 
the Murray river . She was constructed for Messrs. W. 
M‘Culloch and Co. at Moama, and with her she will 
be capable of ca: a cargo of not less than bales 
of wool. The timber used in the construction of ‘the Ethel 
Jackson was oa on ees how Murray, and her 

es were supp) a t . Another steamer 
but of similar materials for Captain Randell has been 
recently launched. She was ane the.Gem, and she will 
carr; bales of wool. At the Yarra Boiler Works at 
Melbourne, a steamer of 120 tons has been constructed for 
the Queenscliff trade. 

The French Navy.—Le Redoutable, a fine ironclad of the 
first class, has been successfully launched at Lorient. 


Belgian Steel Rails.—The Angleur Steel Works Com- 
pany. offered to supply 10,000 tons of steel rails to the 
igang State a, iy’ in the course of 
1877 at rates ranging from 7/. 3s. 7d. to.7l. 10s. 2d. per ton. 
The John Cockerill Company rat very similar 
rates, but the Sclessin Company stood out for much higher 


Pig Iron in the United States.—In 1871 the United States 
made 1,911,608 tons of pig iron ; in 1872, 2,854,558 tons ; 
in 1873, 2,868,278 tons; in 1874, 2,689,413 tons; and in 
1875, 2,266,581 tons. e production will be seen to have 
experienced a considerable curtailment last year, in conse- 
quence of the extreme dulness of the times. The con- 
sumption of pig iron in the United States in 1871 amounted 
to 2,164,813 tons; in 1872, to 3,149,048 tons ; -in 1873, 


rial | to 3,012,883 tons ; in 1874, to 2,734,539 tons; and in 1875, 
ns. 


to 2,324,300 to: 


Spanish Pyrites.—During the first “seven months of the 
current year, the Rio Tinto Company has forwarded from 
Huelsa, Spain, 136,000 English tons of sulphureous 
pe to England and Germany. The company has also 
170,000 tons of pyrites ready for calcination: these  biguas will 
yield about 2 per cent. of copper, or 3400 tons. ii @ pyrites 
of the Rio Tinto Company begin to make their appear- 
ance upon Belgian markets. 

United States Rolling Stock Company.—The directors 
of this ram ap! Frees the Someag havenes ings 
are gradually rising, notwithstanding the depression which 
has continued to prevail in all business connected with the 
railroad interest of the United States. A proportion 


of the company’s freight cars, let during last at ex- 
tremely low rates and ou temporary leases, have daring the 


y | last six months gone into permanent leases at steadily im- 


proving figures. 

The Hoosac Tunnel.—The total ipts of the Hoosac 
tunnel for the year ending June 30, 1876 were 79,371 dols. 
The working expenses for the same period were 44,705 dols. 
The number of passengers “was 63,130, and 
166,245 tons of freight were handled. It will be seen that 
the ratio of the welling expenses to the traffic receipts was 
last year 56 per cent. 

New South Welsh Ratlways.—The additional loan esti- 
mates of the Government of New South Wales provide for 
an extension of railway communication from Wagga-Wagga 
, on the Victorian border, ata cost of 680,000/. ; 


to Al 
from Iluka, on the Clarence river, to Woodburn, on the 


same river, at a cost of 162,0001.; from Wallerawang to 
Mudgee, 85 miles at a cost of 680,0001. ; and from the junc- 
tion of the Lachlan and the Murrumbi to Pooncaria, on 


the Darling, at a cost of 715,0001. 


Tramways at Wellington (N.Z.).—The construction of 
tramways has been authorised at Wellington, New Zealand. 
The contracts have also been arranged. 


American Steel Rails.—The Pennsylvania Steel Com- 
pany, at Baldwin, has contracted to supply 1000 tons of 
steel rails to the Atlantic, Mississippi, and Ohio Railroad. 
The quantity of Bessemer steel rails made in the United 
States last year was 291,000 tons; of this total, 85,000 
tons were made in Chicago. 


The French Exvhibition.—The Fives Lille Works and 
the Creusét Works will supply the iron required in connec- 
tion with the approachi rench Exhibition. Creusét will 
do the work on the side of the Avenne de Suffrem, and Fives 
Lille on the side of the Avenue de la Bourdonnais. The 
two establishments are to execute their contracts within 
twelve months, dating from September 24, 1876. 


Tasmanian Tin.—The Waratah Company has discovered 


three well defined lodes, a fair percen of ore. 
As soon as a tramwa; Son bade comnfitel ors ~ +4 


Bay and Mount Bischoff, the company will procure t! 
necessary machinery and develop these lodes, The Don 
Company has been working away, steadily, getting out 
stream tin with afewmen. The Stanhope Company has 
been very quiet lately. , 
Canadian Nawigation.—A vessel designed ly for 
the purpose of overcoming the ice which bl les the St. 


Lawrence for several months every year, has been recently 
launched at Quebec. She was named the Northern Light. 
She is to ply at first between Quebec and Prince Edward 


Island. She is sheathed with green heart, one of the 
hardest of woods, being so constructed that no rig angie 
papreeme Srows.iae com GHet ee: Her screw will be deeply 
su erged. 
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MACHINE TOOLS AT THE PHILA- 
DELPHIA EXHIBITION.—No. XI. 
STEAM AND OTHER HAMMERS, 


TEN years ago steam hammers were in the full 
tide of development. Patents followed each other 
in rapid succession, modification succeeded modifica- 
tion, and when some one who had followed this 
branch of engineering through its earlier changes in 
Europe, returned to America to predict that no on 
discoveries would be made, he was at once set down 
as sceptical. 

The fact was and is that a steam hammer is an 
extremely simple machine, and the principal problem 
connected with its manufacture is how to resist the 
destructive effects resulting from the concussion of 
its blows. 

The valve movements have passed through various 
changes, finally tending, with but few exceptions, 
to the swinging wiper bar as employed by Messrs, 
B. and 8. y, of Manchester, England, who are 
the only European exhibitors of steam hammers at 
Philadelphia. 

The manufacture and use of steam hammers 
in America came and went like a wave. Six 
years ago it constituted one of the most im- 
portant branches of machine tool making. 
There were in fact geveral firms engaged in 
this manufacture alone, while every establishment 
which could furnish work for steam hammers bought 
them. ‘The business was over done, even had no 
commercial failures taken place, but as it is the 
steam hammer trade is ost gone in America. 
This will explain why so few hammers are shown by 
American firms, and also accounts for the absence of 
some novelties which might have been expected 
under more encouraging circumstances. 

From this it may be very justly inferred that steam 
hammers do not furnish much for comment or cri- 
ticism. One or two points however may be noticed. 
In the hammers of Messrs, Massey the frames are 
constructed open, that is, the steam cylinder and 
guides are supported on a pair of standards or legs, 
with a free open space between, so that in working 
long bars they can, if necessary, pass through the 
frame at a right angle or parallel to the dies as they 
may be arranged ; in other words, the dies can act 
transversely or parallel on long pieces as the nature 
of the work may demand. This same object is in 
effect attained by Messrs. Ferris and Miles, of Phila- 
delphia, by setting the hammer block in a diagonal 
position as shown in Fig. 26 ; a is the hammer-block, 


Fig. 25. 











ee the guides, and ¢ a section of the main column, 
which is of box form. ‘The dotted lines indicate 
how long pieces can be worked either transversely or 
parallel to the dies, and the frame offers no obstruc- 
tion, One difference between the two plans would 
be that with the diagonal arrangement a piece can 
be at once removed sideways from the hammer, and 
that the range of pivotal adjustment is greater, that 
is, a long piece can be changed at will from the long 
to the short way of the dies without stopping the 
work. What importance this may have of course 
depends upon the kind of work to be performed, 
and aside from the convenience of adjustment before 
named, the double-leg arrangement seems to have 
some ponte of advantage. .The space between the 
legs above the range of the work furnishes a con- 
venient and protected position for valve gearing. 
The whole machine is symmetrical and balanced in 
appearance, the disposition of material in the 
framing is such as to oppose strains in a line of the 

mer movement. ‘Torsional strains upon the 


main frame, those resulting from lateral thrust of 
the dies, would of course be best resisted by a cored 
or box frame, but when it is considered that in the 
Morrison arrangement such strains have to be re- 
sisted by a piston rod alone, and that such hammers 


have long been successfully in use, an open plate 
frame would seem to have all the rigidi bet. beige 
The fact is, as before mentioned, that the value of 
different arrangements of steam hammers is more 
to be determined by how far breaking is guarded 
against than by how near the theoretical conditions 
of use are correct. A hammer is at best a rough 
and much abused implement, chargeable usually 
with a great amount of repairing, and repairing of 
the most expensive kind, From the beginning, steam 
hammer construction has in America tended to a 
greater separation of parts. The introduction of 
what we will call the Schwartzkopf t; with a 
solid anvil seat, followed the Nasmyth and Morrison 
types, and was further ventured upon in a few cases 
by casting the steam cylinder also in one piece with 
the main frame, but piece after piece were made 
detached and bolted together, as experience showed 
how wrong it was to make nearly the whole 
value of a machine dependent upon the endurance 
of some one portion. 

The difference in the material required for various 
owe such as the cylinders, main frames, and anvil 

locks, was alone a sufficient reason for avoiding the 
‘‘one piece” plan, which was at the same time gain- 
ing ground in nearly every other class of machine 
tools. Steam engines had furnished a precedent in 
this direction, and when the wear and breakage of 
details were known, it is strange that a separation 
into parts was not sooner adopted. 

In any machine exposed to concussive shocks it is 
evident that economical reasons exist for separating 
into detail as much as possible whatever is liable to 
break, but there is also another reason for this, 
which applies especially to power driven hammers. 
Joints, ete firmly they may be bolted together, 
still impart some elasticity, and however suitable 
cast iron may be for the framing of most 
kinds of machines, it is, as engineers well know, 
wanting in that elasticity which hammer frames 
seem to require. We do not assume that joints 
rigidly bolted together can impart much elasticity, 
but if a frame, such as those of Messrs. B. and 8, 
Massey for example, were cast in one piece, the 
liability to fracture would no doubt be increased. 

In watching the course of practice in steam 
hammer construction there are certain plans which, 
for details such as valve gearing, are gradually be- 
coming general; of these the —. swing bar 
operating by sliding on the hammer-head can be 
mentioned. The reason for this is obvious enough 
now when it is known how difficult it is to maintain 
an sitive connnexion with a hammer-head; a 
link, ever, tappets, or any device to which the shock 
of the blows are imparted soon gives way, but a 
swing bar, as shown in Fig. 25, bearing lightly 
against the block eand nearly in the plane of motion, 
is but little affected by the concussion. 

Most of the steam hammers exhibited at Phila- 
delphia have their valve gearing operated by means 
of these pendulous bars. 

The diagrams, which are merely toillustrate a mode 
of arrangement, correspond in most sory to the 
practice of Messrs. Ferris and Miles, of Philadelphia; 
ais the steam cylinder and c the valvecasing. The 
swing bar ois pivoted at the fulcrum s, which is 
moved by a hand lever in the usual manner to 
change the range. of the valve and stroke of the 
bammer. The valve, which is cylindrical and 
balanced, is operated by a rod m, which passes 
through the exhaust port and is not exposed to 
direct pressure of the steam, consequently does not 
require packing. ‘This latter is a matter of some 
importance as will presently be explained; iis a 
lever or extension of the o, and # a movable 
weight which can be moved towards or from the 
fulcrum s. 

As the block ¢ is raised the inclined face at 4 moves 
the arm o and the valve rod m, as the — i 
explain. When steam is admitted above the piston, 
the block e¢ is driven rapidly downwards for the 
working stroke, the arm or bar o following as the 


adjusted. Gravity alone is depended upon for the 
downward stroke of the valve, and as the adjust- 
ment is one of some delicacy it is evident that a 
packing gland on the rod m might have considerable 
effect in retarding the valve movement, As before 
mentioned, the valves are so arranged on some of 
the steam hammers exhibited that the valve rod 
passes through an exhaust steam chamber only and 
no ing is required, or at least is dispensed with 
in this case. 





So long as the bar o remains in contact with the 
block ¢ on both the upward and downward stroke, 





speed may determine, or as the weight » may be- 


the effect is the same as ha positive i 
were employed and osbenetie blows are gon; 
that is, steam is admitted beneath the piston before 
the stroke is complete and the hammer is cughioned 
to some extent, butif the block ¢ outrunsthe swi 
bar o, as shown in Fig, 27, the blow becomes ‘‘ dead” 
as it is called, no steam being admitted beneath the 
piston until the bar o swings nearly into contact 
with the block at 4, Fig. 27. 

This time is dependent. upon the rapidity of the 
hammer movement, and the inertia of valve 
gearing, including the weight » which can be moved 
to a. the nature of the blow. As before re- 
marked, the diagrams are drawn to illustrate a prin- 
ciple merely, and not in accordance with any 
example; the weight », for instance, when employed 
is attached by an adjustable arm to the pivot or axis 
at s so as to be adjusted when a hammer is at work, 
Automatic valve gearing is employed to a much 
greater extent in America than in England or on 
the Continent. Formerly ripen de hammers, regard- 
less of size, were fitted with self-acting gearing, 
which could be used or not as occasion ‘might re- 
quire, but at this time the practice in America for 
large hammers is much the same as in Europe; such 
things adjust themselves by experience to the wants 
of practical use. 

ammers driven by belts and cranks are among 
the machine tools which have had their origin in 
America, We do not include in the remark what 
may be called the old helve hammers, although even 
these have made their appearance here in a new 
form, so different from the old one as to be scarcely 
recognisable, In the Exhibition are shown examples 
of three kinds of crank hammers, including the modi- 
fied trip hammer last named. Of another modifica- 
tion—the first one to gain favour—no example is 
shown, The diagrams which follow will enable us to 
explain crank hammer practice as it now exists in 
America, and we will remark, in reference to this plan 
of illustration, that it possesses advantages over 
complete drawings or engravings of machines. None 
but a slavish engineeer will copy a machine in its 
various details, and a movement, principle, or 
idea is more clearly conveyed by a simple diagram 
than any other means. The Hotchkiss hammer, 
the action of which is explained in Fig. 28 — 
the following page), has been regularly manu 
tured for more than a dozen of years past, ‘This 
one, with all which have followed, consists essentially 
of a sliding block or hammer head connected to a 
crank by some kind of elastic connexion which 
cushions the reciprocating parts at each end of the 
stroke, giving a movement approximately uniform, 
or accelerated from the beginning to the end of the 
stroke, A crank connected positively to a hammer 
would produce a movement just the ee of 
what is required, if the momentum of a block is to 
be utilised, that is, the movement would diminish 
towards the end of the stroke when a blow was to 
be delivered, and the result would be a push instead 
of « blow. 

By employing an elastic connexion hammer, the 
movement becomes what is wanted, the range of the 
hammer is varied at will, and the intensity of 
the blows increases as the speed. All these things 
meet the conditions of ordinary smith work, — 
as to considerable variation in thickness; and the 
general employment of crank hammers proves their 
value among machine tools, 

In each of the diagrams which follow is seen the 
spring or elastic connexion mentioned. In Fig. 28 
a pneumatic apparatus takes the place of the leaf 
springs in: the other three figures. Referring to 

ig. 28, @ is the crank wheel, ¢ is a cylnder 
mounted on sliding ways or guides, and operated by 
the link m, and 7 is the hammer block connected by the 
rod o to the piston indicated by dotted lines at c. 


will | The cylinder ¢ being set in motion, the piston ¢ 


cushions in the air at each end of the cylinder, 

iving an elastic or rebounding blow to the 

mmer #, ich 

The reciprocating parts of the machine including 
the cylinder ¢ are heavy, and this constitutes an 
objection of some importance. The pneumatic 
apparatus also may cause some trouble, such things 
generally do, but on the whole these hammers are 
the best looking of their class, and it is to be re- 
gretted that no examples are shown in the Exhibi- 
tion, Fig. 29 shows another arrangement consisting 
of a curved leaf spring interposed beneath the crank 
and hammer: @ is the hammer block, m the crank 
wheel, ¢ the curved leaf spring, and ca connexion of 
leather on which the hammer is hung as on the 





string of abow, ‘The link » being rigidly fixed to 
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the spring e, the appearance of the device in motion 
will not recommend it, but the effect produced is all 
that can be desired as long as the mechanism lasts, 
It was remarked of steam hammers that endurance 
was the first feature to be considered, and the same 
remark applies to the class now being considered. 
The blows delivered by any of them are effective 
and much the same, while the convenience of operat- 
ing, space occupied, and so on does not differ much, 
so that the problem of which one is best can be 
answered by saying that one which requires the 
least repairing. 

Fig. 30 shows an arrangement which has been in- 
troduced since the two before described, and judged 
by the test just named seems to be the best of all. 
a is the crank wheel, ¢ the connexion, cis a strong 
leaf spring pivoted at 0, m is the hammer head, and 
w the anvil. The pivot o is fixed on the frame, and 
the vibration produced by the crank is multiplied at 
the other end of the spring lever, so that quick 
strong blows are given by the hammer m. 

The framing of machines of this class is among the 
worst in the Exhibition, especially those having the 
spring connexion shown in Fig. 29. It will be 
better for our readers to imagine frames from the 
skeleton given here, 














Fig. 31 indicates a kind of composite machine 
half trip hammer, half crank hammer. The helve 
and radial die movement are retained, but the 
hammer is operated by a crank, through what is 
in substance an elastic or flexible connexion. The 
hammer shown in the Exhibition is provided 
with a number of springs made of india-rubber, but 
not having any fancy for this material as one for 
machine parts, we have drawn the diagram with 
metallic springs to illustrate the mode of operation. 
In the sketch a is a common helve pivoted in the 
usual manner at ¢, ¢ is a swing frame mounted on 
the same centre, so as to avoid a rubbing action of 
the spring i, wis the crank, and » the connexion, 
o the hammer block, and d the anvil, s is a buffer 
spring to cushion the strokes of the helve. 

Such hammers, because of the light weight of the 
reciprocating parts, can be driven at a very high 

, and are well adapted for light work and small 
pieces, The radial movement of the dies of course 
unfits hammers of this class for work of varying 
sizes, and as in the case of all hammers having a 
fixed range of movement and fixed anvils, the 
intensity of the blows diminishes as the thickness of 
the work increases, the reverse of what is required. 
This objection is increased or diminished as the 
length or range of stroke is long or short; and 
when the parallelism of the dies changes also with 
the thickness of a piece. We must conclude that 
for general purposes considerable effect must be 
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sacrificed in attaining rapid blows in the manner 
here explained. An “ uplock” or stop motion, which 
is almost indispensable in some kinds of work, would 
not be easy toapply in the case of a hammer operated 
by springs. Upon the whole, hammer improvement 
consists more in an adaptation to special purposes 
than to the discovery of any new principle in their 
construction or operation. Steam hammers must of 
course be excluded from this remark, they do embody 
a new principle, which is not likely to be attained 
in hammers of any other kind, namely, an adjust- 
ment at will of the ‘distance between the hammer 
and anvil,” or, in other words, the working position 
of the hammer. With some loss of steam a hammer 
of ordinary construction will operate upon pieces, 
the thickness of which may vary from nothing to 
one-fourth the working range, and thus fulfil the 
requirements of allordinary work. If an anvil could 
be constructed to move and be adjusted up or down 
as the thickness of the work varies, the intensity 
of the blows would not diminish as the thickness 
of the work increased, and the range of depth which 
a hammer could receive would be limited only by the 
power and weight of the machine, 








WATER WORKS, ANCIENT AND 
MODERN.* 
By E. H. p’Aviapor. 
(Concluded from page 293.) 

THE next important aqueduct is that of Médling, 
shown by Figs. 1 to 8, page 501 of our last volume, to 
the same scale as the old Roman aqueducts of Marcia 
and Claudia. This ismuch shorter, the valley it crosses 
being in fact a mountain gorge; it has only five open- 
ings, but they are no less than 9 klafters Austrian, 
or 56 ft. 6 in. English span. It is about 4 ft. higher in 
the centre than that of Baden, and is mostly con- 
structed of brick, there not being a sufficient quantity 
of good rubble available. ‘The conduit, emerging from 


*A course of papers delivered at the Austrian Institution 
of Engineers and Architects, December, 1875, and January, 
1876. These papers now appear in print for the first time. 
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a tunnel, immediately crosses the aqueduct, and then 
lunges into a second tunnel under the celebrated 
Pichtenatein Park ; the whole of the material used in 
construction had, therefore, to be raised from the 
valley below, and for this p se four huge 
scaffoldings had to be erected, cab nearly 100 ft. 
high, and put together with the heaviest mast 
timber. The stone was raised by double winches, 
pulleys, &c., the bricks by that excellent method of 
anendless chain, carrying buckets, something like the 
chain and buckets of a dredger. In high winds it 
was found impossible to work on these scaffoldings, 
and the greatest precaution had to be used to stay 
the centres of such large arches springing at a 
height of from 50 ft. to 60 ft. above the valley. 
he aqueduct of Liesing, which crosses that busy 
little manufacturing place close to the huge brewery, 
is the longest of all, viz., 900 yards English ; it forms 
a very interesting object when seen from the railway, 
but needs no further description, as its elevation is 
shown by Figs. 18 and 19 of the two-page engrav- 
ing published with our number of the week before 
last, and its construction is very similar to that of 
Baden. The Mauer aqueduct is remarkable only 
from its being built on a curve; in every other re- 
spect it is a much less important structure. 
Some of the most difficult and interesting works 
are, however, buried away out of sight, and will 
rapidly fall into oblivion, For from the end of the 
Kaiserbrunn tunnel, near Hirschwaug to Ternitz, a 
distance of about 10 English miles, no one passing 
over the line would notice anything particular, nor 
in fact be aware of the existence of a conduit at all, 
except from the succession of handsome retaining 
walls, near the river Schwarzau. Yet this section 
enn many difficulties. In many cases the centre 
ine is wedged in between river, road, and railway ; 
it frequently lies in the former river bed; at other 
places it crosses swampy meadows which are 
saturated from the Schwarzau through the gravelly 
subsoil. The river walls were executed under most 
troublesome conditions. We were constantly work- 
ing in the water; we had rock to deal with and did 
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not dare to use powder or dynamite, except at certain 
hours of the night, because trains were constantly 
ing within range, and the high road had to be 
ept open for traffic, although our centre line was 


sometimes exactly under the middle of it. The river | the gravel subsoil, which fills the valleyin many 


walls were constructed, as shown on page 202 ante, 
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so that they supplied us with one abutment for the 

aqueduct at the same time; heavy cofferdams were 

used, and the water exhausted by steam power. Even 

this was often insufficient to keep the bottom oy. 
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to a great depth, allowed the water to rise again as 
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1870—1875. 
No. DESCRIPTION. From To 
Earthwork. s d., s d 
1 Excavation for pipe trenches in the town and suburbs, including strutting, 
timbering, a a and lighting ... sl a re .. cube yard 0 54 0 it 
2 Filling in ditto pee prin Bes ie oss we ah a gee 01 01 
3 Excavation from side cutting, including filling in, stamping, and making u 
bank a Be a as. * ee ‘sa ee ay ol yr 0 0 8} 
4 Excavation for main conduit of aqueduct, including strutting, timbering, ng 
in, stamping, making up bank, and all leads up to 210 yards, per cub. yd. 
{3}. Light soil, sand, &. ... eS am lite pom pa pms aes 1 0 12 
b). Heavier soil, clay, and gravel... 5 | seit ek ae le sa 1 6 110 
(c). In boulders and rock, st powder ... we mae “— eve 22 2 6 
ta) In saturated soil, including cofferdams and pumping es we 24 2 10 
©). Im” 5 »»  Yequiring constant steam pump... bis ess 808 4 0 4 6 
5 Excavation in tunnel per yard formed (according to sections, 202 ante) irre- 
spective of material and including all plant, timbering, dynamite, venti- 
lators, &c. 30 0 32 0 
6 Leads over 210 yards are paid for at the rate of 1.4 (litd.) for every 
yard — an additional 200 yards, no fraction under 40 y: being 
counted. 
7 In cases where pumping was not provided for, the men employed are paid 
perday ... -_ eve ae - ow i ove on ‘ eco 22 
Masonry Exclusive of Lime or Cement. 
8 Rubble masonry in foundations, walls, abutments, and spandrils in mortar, cub. yd. 7 3 8 2 
9 Facing ditto in addition ... ons “a yi se ..  persquare yard 6 0 6 4 
10 Concrete in foundations Pe bel rad one ond ..  cubeyard 7 3 7 11 
11 Dey sulle masonry Wel op ES ie eam a a ie 6 0 6 4 
12 Rubble masonry in arches... a htt a= “se aap Soe See 12 6 13 0 
13 Brickwork in foundations and abutments ht | “wa sa as ae 14 0 14 0 
14 Pa arches up to 36 ft. span ... don ea Sia od fgg 16 0 17 0 
15 iw op @moseding S6fS.epem x. cco ests wes 26 0 26 0 
a1: prices for masonry and brickwork, including staging, centres, timber- 
ing, &. 
16 —" and faced ashlar ... hi a re ai ...per cube foot 2 0 3:9 
17 Cut and dressed ashlar in quoins, cornices, steps, &c. ve ”» 3 2 3 6 
SD: 5 Sse. ach eke st eb | 00 per square yard 4 6 5 0 
19 ” 9in, ” + eee eee eee eee ove on ” ” 3 0 
Miscellaneous. 
20 Coat of Portland cement inside canal and polished three times —_ per square = 1 8 
21 Piles 10 in. by 10 in., including driving ... ia oe sin per lineal foot 09 
22 | Sheet piles, including driving ... _... 2° 0 5t 
23 | Two-inchplanking ... —«.. per square yard 24 
24 Smiths’ work oir! Gane - sera em wid a per cwt. 30 0 
25 All hydraulic lime ... eee ons ne oo om 0 7 9 2 2 
26 All Portland cement... an st “da ae eee eco oon »» 5 0 
All prices include delivery on the works, and working up. They are fixed by the 
average premium on gold (12} per cent.), and include the percentage demanded 
by the contractors over the original schedule, 











fast as it was pum out; in fact, through the 
increase of the oe gration the more we pumped 
the more we got. In these cases the bottcm was 
dredged out and the foundations laid with concrete 
behind an apron of piles, after which the masonry 
could be proceeded with, In the park at Reichenau 
the whole soil was constantly saturated with water 
to within 18 in. of the surface, as the foundation was 
12 ft, deep there was a head of 10 ft. 6 in. to contend 
with ; here the whole of the canal was executed in 
concrete, the side walls being run with boxes or 
small cofferdams, and the arch being turned over a 
full centre or drum. Even this ticklish work has been 
perfectly successful, there being now no crack, 
settlement, or perceptible leakage whatever in this 
length of concrete or in any others. 

ar from having been constructed, like the Roman 
aqueduct Marcia, without mortar, one of the prin- 


cipal reasons of the success of the work and the 
trifling nature of the repairs necessary is no doubt 
the excellent quality of the limes and cements em- 


ployed. 

Careful trials were carried out with scrupulous 
accuracy on every description of lime and cement 
before it was admitted to the works. On arrival of 
a specimen it was carefully filled into a box con- 
taining one cubic foot and weighed, the mean of 
several experiments being taken. It was then 
screened through a fine sieve and weighed again, it 
being supposed that the unburnt or vitrified particles 
or any stones would not through the sieve, 
The mean weight of the screened lime or cement 
per cubic foot was established as the standard which 
was to be paid for. Cylindrical vessels were then 
moulded with the cement, the necessary water being 
added in very small quantities; the vessels themselves 
were immediately filled with water and allowed to 
stand; if they gave way the lime or cement was 
refused. Sundry blocks were then formed, first of 
pure lime or cement, then with one-half, two-thirds, 
and three-fourths fine, clean river sand, and all these 
blocks were tried both for extension and compres- 
sion. Only after all these ordeals had been success- 
fully borne was the material accepted for the works, 
and during the progress of the deliveries frequent 
trials were made to see that the quality came up to 
that first handed in, The test precaution was 
used to prevent any but accepted limes and cements 
being used on the work, and this was insured by 
the schedule prices of all masonry being exclusive 
of cement or lime, which was paid for separately by 
weight. Material arriving by road or rail had to be 
unloaded into one of the numerous temporary stores 
erected along the line for the purpose, there ex- 
amined, measured, and weighed by the agents of 
the municipality, and as it was required on the 
works it was handed over to the contractor, who 
only received payment for the quantity thus handed 
over by the municipal agents. It was, therefore, 
the contractor's interest to deliver only the very best 
limes and cements, and if he had used any otber 
material on the works but what had passed the 
municipal agents, he would simply have lost the 
price of it completely. It is a fact which every 
engineer ascertains by experience, that one of the 

atest difficulties attending the execution of work 
is to prevent sub-contractors and gangers using in- 
ferior limes and cements or any stale mortar which 
is handy. The only way to prevent this abuse is 
to make it every one’s interest, as much as possible, 
to use none but that approved and The 
precautions adopted by the municipality of Vienna 
were certainly excessive, and frequently proved a 
hindrance to the progress of the work. an ex- 
ample of this, I may mention that the contractors 
intending to erect a temporary stable close to the 
Baden aqueduct, provided some ordinary rich white 
lime, which was, however, immediately removed by 
the municipal engineers, who would not allow any 
but eminently hydraulic limes on the work, and 
notwithstanding the explanation given, they insisted 
on the stable being constructed with best hydraulic 
lime mortar. Although such ridiculous mistakes 
occurred more than once, and a great deal of time 
was cut to waste in experiments, the principle of 
separate payments is a sound one, and cannot be 
sufficiently recommended to hydraulic ae 

In order not to load this paper with figures I annex 
Table IL. (see next page), which shows the quantities 
of cement and lime Some of the Portland 
cement was supplied from England, in consequence of 
the Austrian manufacturers being unable to supply 
the immense quantities required in the years 1872 and 
1873. The principal home manufacturers were those 








of Saulluh and Escher, at Kufstein, and Egger, at 
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——= 
TABLE NO. IL, SHOWING THE QUANTITIES OF HYDRAULIC LIME’ AND PORTLAND CEMENT USED IN THE CONSTRUCTION OF THE VIENNA 
WATER WORKS, WITH THE STATIONS OF DELIVERY AND NAMES OF MANUFACTURERS. 


Hypraviic Lim. 






























































Saiillich. | Egger. Ciirti. Kink. Leiibe. Leithe. | Sartori. | Tich. | Obrfanal. Kraft. | Ohrenstein. | Pittel & Cie 
STATION r 
OR OTALS. 
MAGAZINE: . . . : by e ? Austria 
Austria | Austria Austria Austria Upper Upper . : " 
~ (tyro). | CEyrol). | (Vienna). |. (Tyrol). | Austria. | Austaig | Austria. | Austris. | Hungary. | Austria Hungary. | (Tyrol). 
cwt. ewt. ewt. ewt. ewt. cwt. cwt, cwt. ewt. ewt. ewt. cewt. ewt. 
Payerbach...| 35.85 5690.75 | 54298.81 4786.93 * §7548.82 | 665.61} 16703.65 4137.34 Si 1020.70 144887.96 
Gloggnitz ...| 173.18 ony 57084.14 5502.84 0021.72} 871.46) 11790.97 1846.41 . 86240.72 
Ternitz 807.71 | 11580.46| 88837.65 | $7119.34 nm re 1567.64 | 5606.65 | 18906.62 | 10564.00 174990.07 
Fischaii 568.34 101552.28 2807.30 ad a a 336.85 eat | 105264.77 
Matzendorf | 153.54 a 56488.00 986.07 Es “Ad $24.71 és 2091.72 181.99 -60226.03 
Leobersdorf | 20963.53 | 20166.11 | 40144.60 8889.04 aol = 1018.19 | 5585.62 8 11769.27 184.48 359.58 | 109080.42 
Liesing — ...| 18745.29 | 83492.04 | 14082.27 | 30037.37 11178.04 $181.28 -|—-.17.92 | 17964.63 165.64 26847.35 1776.42 872.66 208300.91 
Totals ...|41447.44 | 120869.36 | 412437.75 | 90128.89 11178.04 | $181.28 | 69173.79| 3093.97 | 48228:44 55164.37 4052.62 | ~ 2434.98—14-8ss990.88 
| 
PorRTLAND CEMENT. 
| : 
Saullich. | Cirti, | Escher. | Longietti. | Desiré | Knight. | Barham. | ,C#- | Dickerhoff. | Hspenchied.| Lothary. | Obrenstein. 
STATION | ichet, urne. 
OR eae. BEN Tora.s. 
MAGAZINE. ; 
Austria. (Triset) | France. England. Germany. Hungary. 
| owt. owt. ewt. | ewt. ewt. cwt. cwt. ewt. ewt. ewt. ewt. ewt. cwt. 
Payerbach .. | 1550.87  5586.66/ 5497.61 | 5493.61 $45.11 468.22 | 277699 | 188.04 | 6872.59 4237.71 814.21 1856.02 | 41572.64 
Gloggnitz ...| 11705.08  7404.96| 2933.21 | se 350.12 a 898.62 a 846.74 $31.80 996.64 398.08 | 25360.25 
Ternitz $3808.02 10201.46| 3831.31 275.98 157.01 65.79 | 828.26 | 149.03 | 1679.70 798.97 1873.62 1207.51 54367.56 
Fischaa 779.88  24991.63 168.77 57.23 859.92 | 266.43 | 128.64 645.83 $13.30 891.50 $1098.13 
Matzendorf aa 1085.71 sa até i wy: bo pe 4 JF x 1085.71 
Leobersdorf | 25405.89 8766.70 ch | 176.44 683.95 | “948.35 734.91 7079.64 827.05 330.60 4222.72 | 47921.25 
Liesing | 22519.26' 1881.30 48.36 | 495.79 543.17 | 1218.66 | 13503,58 | 6906.88 $450.39 2936.94 $760.68 | 45420.05 
Totals ...| 107264.00 | 59918.42| 12474.26 | 6499.05 | 952.24 | 2571.05 | 583291 | 2649.20 | 24091.98 | 9454.22. | 6952.0) | 12281.51 | 246825.59 
































Grand total 44,449 tons hydraulic lime. 


Trieste; all these are natural cements, and the 
first-mentioned can certainly compete successfully 
even with the Burham Portland, or that of 
Messrs. Cranbourne and Lucas. Curtis’ works, near 
Vienna, supplied a most excellent light, but emi- 
nently hydraulic lime, weighing 56 lb. to 58 Ib. per 
cubic foot, but setting with extraordinary rapidity, 
even in running water, and therefore very useful in 
the execution of many of the works described. Of 
course this lime presents neither the same cohesion 
nor the same resistance to pressure as a cement, and 
does not harden much after the first month ; but it 
is much to be recommended in contending with 
water, in cofferdams, lining tunnels, &c. 

The municipality of Vienna kept a very careful 
account of all the experiments made, which would, 
however, be too long to give here even in abstract. 
They prove that the Austrians have made great 
progress in the manufacture of limes and cements, 
and are able to compete with foreign firms both as 
regards price and quality. With the assistance of 
these materials we were able to make the canal 
tight even in places where the pressure of the water 
was so great as to force the mortar out of the joints, 
and send it in jets against the opposite wall. It is 
owing to these also that the expense of repairs, 
which is generally estimated at about 5 per cent. 
during the first three years in similar works, has 
hardly attained a tenth part of that sum. The 
waste of water which we have seen reached 48 per 
cent. in Ancient Rome, is not commensurable here. 
Gaugings, which have been taken near the springs, 
prove that the same quantity of water, which there 
enters the conduit, reaches the distributing reservoir 
at Rosenhiigel without any contamination or increase 
of temperature, and this indubitable fact appears 
the best answer to the many hostile critics who have 
attacked the Vienna Water Works from the very 
beginning to the end. “The proof of the pudding 
is in the eating,” and the execution of the aqueduct 
having been perfectly successful, the supply of water 
being pure met mege criticism on the mode of 
construction and the design appears useless. 

In Table ITT. (see gucceting | ) [have annexed 
a schedule of the prices paid the contractor for the 
different descriptions of work, reduced to English 
measurements and money. The prices of masonry 
are exclusive of lime or cement, but include all cen- 


tering, scaffolding, temporary roads, bridges, &c. 





I have not touched upon the second position of 
the work, namely, the mains and the distribution. 
This would have made the papers far too lengthy, 
nor does this portion of the work —_ so many 
features of interest, since mains and pipes are laid, 
with slight differences of detail, on much the same 
principle everywhere. 

In conclusion I may mention that the introduction 
of the fine spring water from the Alps by means of 
the works described, has had a most beneficial effect 
on the mortality of Vienna, which in 1873 had 
attained the enormous figure of 35 per 1000. Not- 
withstanding the slackness of trade and business 
which has continued since then, causing an unusual 
amount of distress and pauperism, notwithstanding 
two unusually severe winters, and a summer (that of 
1875) in which fruit was so plentiful that pigs were 
fed on peaches, a fact nearly always causing chole- 
raic diarrhoea and dysentery, the rate of mortality 
has steadily decreased ever since the lst of January, 
1874, and is continuing to decrease almost in pro- 
oan to the introduction of water supply to the 

ouses, The figure for 1874 was 28, that for 1875 is 
not yet exactly fixed, but approximates to 25.5. 
So satisfactory a result induces us to hope that 
the example of Vienna will soon be followed by 
other towns of the empire, and that they also will 
hasten to supply their population with the blessing 
of a plentiful supply ell pare water. 





THE WESTINGHOUSE EXHIBIT AT 
PHILADELPHIA. 

THE ag recognition of the Westinghouse 
Automatic Brake, as providing the best means at 
present available for stopping and controlling trains, 
and its almost universal adoption on the principal 
lines of railway in the United States, are gradually 
having a practical influence upon railway manage- 
ment in this country, which must sooner or later 
end in the dissipation of those prejudices which 
have until now been the chief pay indeed the only 
important obstacles to its wide introduction here. 
The important exhibit of the Westinghouse Air 
Brake Company at the Centennial Exhibition, not 
only in the ome or Hall, but also upon all the 
engines and cars of the narrow gauge line laid over 
the Exhibition grounds, has contributed largely to 
convincing the small but important body of foreign 





Grand total 12,341 tons Portland cement. 


visitors—-both English and Continental—of the 
efficiency of the arrangement, and of showing con- 
clusively the truth of all that we have advanced in 
these pages in favour of the brake. It should be 
mentioned also that these same visitors had ample 
opportunity of testing the efficiency of the brake in 
daily working in the United States, where it is 
applied on about 200 railroads, over 3000 locomo- 
tives and 10,000 cars being fitted with it. -” 

The Westinghouse Air Brake Company's exhibit 
at Philadelphia comprises : 

1. The Westinghvase automatic air brake equip- 
ment for a train consisting of a locomotive, tender, 
and nine cars. 

2. Serial compressing apparatus for elastic fluids, 
for producing high pressure with economy. 

8. The vacuum brake equipment (Westinghouse 
and Smith’s patent), for a loeomotive, tender, and 
nine cars. 

4. Pneumatic signalling apparatus in connexion 
with the automatic brake, for giving signals from a 
train to the locomotive driver. 

In addition to the above, the Westinghouse speed 
indicator, which we illustrated and described in a 
recent number (see page 203, an¢e), was entered for 
exhibition, but was not completed in time. 

The engravings which we publish on pages 334, 
338, and 339, show the whole of this series, which are 
arranged in a very ingenious manner, to make them 
suitable for exhibition. It was, of course, obvious 
that it would be impossible to display the brake ap- 
— as it would be fitted up in practice, as 80 

oing would involve the introduction of a series of 
cars, or car frames mounted on their trucks, and 
carrying the brake apparatus in a position difficult of 
inspection; moreover, the space —— would 
have been more than was available in the building. 
Mr. Westinghouse accordingly arranged the exhibit 
as shown in the ive view on 338. It 
consists of a rectangular table, emer se == 
placed the coils of pipe representing the length re- 
quired for fitting io nine carriages, both for the 
automatic and the vacuum systems. The air 
reservoirs are also placed under the table, and on 
the tops of each the connexions leading to the brake 
cylinders, These latter are ranged vertically in 
row as shown, and above them te — a “ge 
series of springs inst which pistons of | 
brake gindas act i. the air pressure is applied, 
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In front of these cylinders are two rows of the 
rubber bags which form the distinguishing feature 
of the vacuum owt and within 
ries of springs which are com 
of the po ce In front of the 
compressing and exhausting apparatus, _ 
consists of a large compr ait reservoir, and 
placed around it are three pumps which com- 
municate one with another, and compress the air 
by stages till the final reservoir jure is attained. 
It is needless to point out that.this arrangement 
does not represent that of practice in which 
only one pump is employe | Over the compressing 







apparatus are placed the exhaust nozzle and pipes 
for working the vacuum] ;,and in ‘which an 
important improvement has**been made by Mr. 


Westinghouse. 

Considering that in thig country attempts are being 
made to introduce Smith’s vacuum brake as an oppo- 
nent to the ao itmay othe West a i 
system should be ibi 4 estinghouse 
Air Brake Compeny Ths tebeon is, howerer that 
this company some time since purchased the Vacuum 
Brake Commney® patents for America, where it had 
been introduced, and is working to a limited extent, 
but the company has no interest in the patents for 
this country, where they consider only a thoroughly 
efficient brake,merited their serious attention for in- 
troducing it.', The limited but déereasing use of the 
vacuum brakes in the Uni tes a 
certain commercial value, chiefly due to the frequent 
renewal of the rubber bags, which the Westinghouse 
Air Brake Company, contro this‘class of busi- 
ness, were ehabled to turn to the saccount, At 
present the vacuum brake is im use on fifteen rail- 
ways, fitted on about 450 engines and 1300 cars. 
We may now proceed to describe in some detail 
= various oe of the bh inghouse Air Brake 

ompany’s éxhibits, at the partially repeat- 
ing what. has already appeared ‘in our pages. vin 
‘ b" The «beam peeret for sere Air Brake.—The 

rake ‘apparatus exhibited represents its oe 
upon & ag of the size store aehtoned all re- 
spects, excepting the arrangement of the ‘various 
parts, the absence of brake gear, and the introduction 
of springs to absorb the power exerted by the.com- 
pressed air upon the pistons in the brake cylinders. 
The piping is. ra’ in. lines _- 
table, as shown int See 3, and section, Fig. 4, 
p. 339, and the flexible couplings correspondingto the 
unions between the carriages are all brought together 
and grouped on the top, and at the right-hand side 
of the tablé; “The former consists of ordinary gas 
pipe 3 Speen oe for one the nine cars is 
about 55 ff: in length. rest e pipi i 
consists of three short Se His4 of hait-inck gas pipe 
from the triple valve~one to.the brake pipe, one to 
the auxiliary reservoir, and one to the brake cy- 
linder. The ends of the large pipes are shown at p 
in the perspective view projecting above the table, 
a 2 in. stop-cock is introduced near the end of each 
close to the eonnéxion with the flexible hose coup-’ 
ling pipes. At the end of each of these short 
lengths is placed one half of the malleable iron 
coupling by which \the pe ee ae along 
the train -is' nade eogtinuous,':’*We have already 
illustrated and described this @ Vol. xix. 
page 51). a rif isa’ rare . the’ Pyeng 
and is provided with a pro g and cor- 
copia recess, which fit into onal — to 
connect the coupling. e passage in eac 
from the aienie ro which the rubber orks 
attached, is thus deflected downward in one half, 
and upwards in the other, each terminating in a 
space in the middle. The surfaces of the coupling 
through — communication is wr ast not in 
contact, but are separated slightly, by the interpo- 
sition of a rubber ring fa a ‘zecten ba eoch 

of the coupli and ing above the 

surface. In the Traces hence: pabber ring and 
the bottom of the coupling is \inttoduced a so-called 
coupling packing expander, the lower part of 
which terminates with a spindle fitting into a seat in 
the coupling, and the upper part presses against the 
rubber. This expander is made open so as not to 
interfere with the free: passage’ of ‘the com 
air which forces the rubber rings together, and 
makes a perfect joint. In the event of the train so 
equipped breaking into two, the couplings yield, and 
the air escaping theoush the opening, sets on the 
brake. Originally these couplings were made of 







brass, but these were so freely stolen that malleable 
iron is now used instead. 

_ One series of the short length of half-inch gas 
piping passes from one or other of the lines of the 


ere lielt 
aged oh 





three-quarter inch main coil to the triple valve, 
which is placed on the top of each auxiliary reser- 
ir. Figse 3 and. w this. In the former 
Haller pipes underneath 
each. of the brake cylinders 
| thé outer side of the table 
“00 8 a 2 

its the disposition of pipe an 

reservoirs under a trata, Supposing them to be 
stretched out into a@ cbdiitinuous line. The triple 












valve is a ad to the top ofthe reservoir, with 
which it has communication, Finally, another 
half-inch pipe leads from the valve to the : 
eptinder,. the drawings, o + oe 

rom the main pipe, # is the pi o beam in- 
fon ae aot ae ase the triple valves, and / /, &e,, 
the a ry .re irs, The triple valve, one of 


the most ingenious details of the apparatus, is shown 
to a larger scale in Fig. 6, and ea gone careful 
descri . It is intended to 

pose as the valve illustrated and described by us 
(see page 511 of our nineteenth volame), but it is 
in every respect a great improvement and } ent 
upon"the one then nbticed. BY its means the es 
are entirely controlled with the expenditure of a 
very small quantity of air at each application, and 
the pressure on the brake shoes is regulated at will. 
It consists of a casting, the main body of which 
contains two cylinders, A and B, Fig. 6, one below 
the other; the former being of the eee Cane: 
Forming*a part of this casting is the et of a four- 
w 17, four branches from which lead as fol- 
lows : og the main brake pipe, one end of the 
half-inch pipe o being screwed into E; F, to the 
brake cylinder, one end of the half-inch pipe m being 
screwed into F. The two other passages are a, Fig. 
6, leading from E through the plug of the four-way 
cock down the outside of the cylinder A, and into 
this at. the bottom through the small hole drilled 
through the cover 6, which is screwed into the cylin- 
der as shown, Finally the passage 4 runs from F 
through the other a in the cock 17, and enters 
the smaller cylinder B. Immediately below the pas- 
sage J there isa second ope into the cylinder B, 
and marked din thesection. ‘This opening is in free 


eee ignication with the air, At a point made b 


intersection of the centre line of the passage E, 
and centre line of the cylinders A, B, is another open- 
ing which is indicated by a dotted circle in Fig. 6. 
This shows the connexion between the valve and 
the auxiliary reservoir. No. 4 is a piston free to 
travel in the cylinder A, and provided with an upper 
stem cig cone the cylinder Pe pire aege 3 2 
passage formed in the screwe ug 5, w 
closes the upper énd of cylinder 8 ; this ge 
serves as a guide for the stem of the piston 4. 
Just below the underside of the plug 5 (in the posi- 
tion shown in Fig. 6), a collar is placed upon the 
stem 4, and lower down it is enlarged by having a 
shoulder formed apon it, this enlargement extendin 
down to the body'of'the piston, In the centre o: 
the latter a vertical hole g' is drilled, and through 
the enlarged part of the stem a horizontal hole 2 is 
also formed, and g' and 4 are placed in communication 
by means of the pin hole which forms an extension 

g'. Between the shoulder and the collar on the 
stem 4, slide valve 12is placed, which either puts 
the passages F 4 and d into connexion (the position 
shown in Fig. 6), or covers d and places F 4 in com- 
munication with the cylinder B, and therefore wi 
the auxiliary reservoir. The valve is kept up to its 
work by a light spring at the back, ng against 
the side of the stem 4. Turning now tothe bottom 
of Fig.6. The upper surface of the screwed cover 6 
has a shallow recess formed around it in which a 
leather ring°10 is placed, and there is also a deep 
annular recess into which the passage @ opens. 
Into the central portion of the casting 6, a stem 7 
is introduced, with a collar near the upper end 
that fits the cylindrical chamber as shown. At 
the bottom of 6 is screwed a piece 9, with a 
central passage, forming a guide in which the 
stem 7 can move. The space between the upper 
face of 9 ann oo ae con ee? 
occupied with a coiled spring 8. e upper part o 
7, that is that part which projects into the cylinder 
A, terminates in a small plunger g, which fits the 
vertical opening g’ on the piston 4. A needle is 
screwed into this plunger to keep the small aperture 
between g' and 4 free from dirt. 

Thus far the ig geen of this detail, We have 
now to consider the manner in which it operates, 
Compressed air being admitted from the main brake 





same pur- 





pipe through E, passes down the channel @ and 
enters the cylinder A, and raises the piston 4, until 
it is clear of the plunger g ; the valve 12 is of course 
also raised and the brake cylinder is in communica- 
tion with the atmosphere through the passage d. 
So soon as the piston 4 is raised off the plunger g, 
the compressed air passes through the passage g' in 
the cylinder B, and thence through the opening 
shown in dotted lines to the auxiliary reservoir. 
Brake pipes, cylinders (A and B of Fig. 6), and 
reservoir, are thus in equilibrium. But when it is 
desired to put on the brakes, the pressure in the main 
brake pipe and the pressure in cylinder A is reduced 
more or less completely, according to requirements 
‘by opening a cock on the main brake pipe, an 
making the communication with the air. The 
superior’pressure in B when this has been done, at 
once causes the piston 4 to descend, carrying with 
it the valve 12, which shuts the port d and opens 
auxiliary reservoir to the brake cylinder, through 

ne &, which is opened by the downward 
travel of the valve, the piston of the brake cylinder 
being driven forward and the brakes put in 
action. To release the brake, compressed air from 
the principal reservoir is again admitted into 
the main brake pipe and thence into the cylinder 
A, when, the piston 4 is again driven upwards, the 
valve 12 is brought back to the position shown in 
Fig. 6, and the brake cylinders are placed in com- 
munication with the air. Although this triple 
valve requires considerable explanation to render its 
arrangement and mode of working —_ clear, it is 
far from being a complicated detail, does not get 
deranged, judging from a long and very large ex- 
perience of it upon American railroads, and it is very 
prompt in its action, as we shall see further on 
when we arrive at a consideration of the relative 
oo iaggaaag of the automatic and the vacuum 

rakes. 

In order to prevent an automatic action of the 
brake when the engine is detached from the train, 
through the leakage of air from the brake pipe, a 
small valve is introduced on the pipe between the 
opening F and the brake cylinder. It consists of a 
case with a screwed cap and a rubber face, a central 
opening being made through the face and the 
bottom of the cap. Within the case is a valve, 

ainst the lower part of which the air pressure acts. 
This valve is not a tight fit in the case, so that 
when there is a slight reduction of pressure arising 
from leakage or any other cause, the air enters 
slowly and passing round the valve escapes to the 
atmosphere, but when the brakes are operated the 
valve is forced upward against the rubber seat, and 
all escape is prevented. When the plug 17 (Fig. 6) 
of the four-way cock is turned one quarter roynd, 
the ports E and F are brought into connexion, and 
the air passes directly from the brake pipe to the 
brake cylinder for the direct application of the 
brake without changing any of the other parts. 
The various pipes are attached to the frame of the 
carriage by suitable clips, In operating the brakes 
upon a train, when the pipes have all been coupled 
up, the cock at the end of each length of Pipe 
(¢, Fig. 3) is opened, excepting that at the end of 
the train, and these cocks have to be closed when it 
is desired to disconnect any of the carriages. 

A complete description of the air pump and 
engine, for charging the reservoir, will be found 
in vol. xix., page 511, so that it is unnecessary to 

t it here. The arrangement consists of two 


re 
th | cylinders, one placed below the other, the upper 


being the steam and the lower the air cylinder; the 
pistons working in them are on the same rod, the 
upper part of which is hollow, to give place for a 
| connected at the top of the steam cylinder to a 
valve, the movement of which controls the admis- 
sion of steam. The piston in its downward stroke 
imparts a slight movement to the valve through the 
me admitting steam to a small cylinder containing 
a piston and rod extending as far as the whole 
length of the main cylinder, and terminating in 
steam passages at the top and bottom. hese 
passages are controlled by piston valves placed on 
the rod, and it is by the travel of these valves, 
moved by the piston in the small cylinder, which is 
controlled by the slide valve that is actuated ae 
the hollow piston rod of the main cylinder, that the 
apparatus is driven. By turning to the engraving 
meee referred to the whole arrangement will be at 
once understood. 

2. Serial Compressing Apparatus.—The serial com- 

ressing apparatus which forms a part of the 
Westinghouse exhibit at Philadelphia is shown 
in Figs. 1, 2, and 3. It is employed there instead 
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AUTOMATIC AIR AND VACUUM BRAKES, AT THE PHILADELPHIA EXHIBITION. 


















for which 75 lb. or 80 1b. in the reservoir is ample. 
The perspective view as well as Figs, 2 and 3 show 
the arrangement of pumps, reservoirs, and pipes. 
Of the latter there are three series. 1. ‘That of the 
steam and exhaust pipes to the pumps; 2, that of 
the air pipes to the reservoirs; 3, that from the 
central reservoir to the coil. In the drawings ¢ is 
f th . : . : the steam pipe supplying the three cylinders a, a, 
of the usual single air-pump engine and reservoir | each pump is 6in, in diameter. Two reservoirs ¢ | a', and /is the exhaust pipe common to them, and 
required for a train equipment, and consists of a | and c' are in communication with the pumps a’ and | thearran ement of these are all clearly shown, as well 
ge central reservoir d which receives the com- | a, the former forcing air into ¢ at a pressure of | as that of the second series of air pipes. Of these 
pressed air from the pump a', the third of the | 25lb. per squareinch. The pumpadrawsitssupply | the first passes from a? to ¢, Fig. 3, ieosenael from 
this » a*,a,a'. The diameters of the air pumps of | from ¢ and forces it into c' ata pressure of 115 1b. | ¢ toa' and thence around the central reservoir to c, 
pe lege 9 10 in., 6 in., and 4 in, respectively, the | per inch, while the pump a' drawing from c’ de- | Fig. 2, and the third from a' to the central reservoir, 
rt es < the first two being 13 in., and of the third | livers it into the main reservoir at 220 Ib. per square Fig. 2. The three-way cock by which the brake is 
= a e arrangement of each is exactly similar | inch. It is needless to add that this pressure is far | manipulated is shown at g, Figs. 1, 2, and 3, as well 
referred to above. The steam cylinder of | in excess of that required for working the brake, | ag the third series of piping, making the communi- 
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cation between the reservoir and the coil of brake 
pipes. By means of this cock the supply of air is shut 
Pf from the brakes or given to them, or the pres- 
sure in the brake pipes is relieved at pleasure, ‘The 
small pipe, shown parallel to that joining up the 
brake pipe in Fig. 1, is the waste pipe through 
which the air escapes when the brakes are applied 
in the exhibit. 

In Fig. 4 is shown a section of one of the auxiliary 
reservoirs, from which it will be seen that the ends 
are dished to give them additional strength, and for 
convenience in manufacture. 

The foregoing description will, we believe, convey 
a clear idea of the arrangement of the Westinghouse 
brake, as well as of the special method in which it is 
exhibited at the Centennial. It should be especially 
borne in mind that the serial compressing appa- 
ratus is entered as a separate exhibit from the 
brake appliance, and merely used to operate the 
latter, on which occasion only the ordinary working 
pressure is employed, the maximum compression 
mentioned above being exhibited to show the 
efficiency of the pumps for other than railway brake 
purposes. 

3. The Vacuum Brake.—This section of the West- 
inghouse exhibit represents the appliances for a train 
of exactly similar extent to the one just described, 
and it is clearly shown in the drawings. As already 
mentioned, the Westinghouse Air Brake Company 
own the patents under which this brake is made and 
worked in the United States, but its decreasing ap- 

lication in that country practically confines the 

usiness done there with it, to the repair and re- 
newal of the perishable material upon which it de- 
pends for its action, and trifling applications to 
new stock for lines on which the vacuum system 
in use. The description of this brake is much 
simpler than that of the automatic, and its efficiency 
bears about an inverse ratio to the magnitude of 
its appearance as compared with the air brake. 
Briefly, it depends upon the exhaustion of air 
through a series of large pipes from a number of 
collapsible bags—two under each car—by means of 
a powerful ejector, placed on the engine in practice, 
and on the top of the large reservoir atw in the 
exhibit, ‘This ejector is shown in section to a large 
scale in Fig. 5. It consists of an outer pipe or 
casing near the bottom of which is a branch A toa 
steam pipe. This case is screwed to a base with 
two branches D D, which are in connexion with 
the brake Pipes. Within the casing is a nozzle ¢ 
resting on the base above mentioned, and fitting 
tightly to the lower part of the case. This nozzle 
has an inner and central nozzle G with two openings 
F F at the bottom. In the lower part C is placed a 
check valve kept in place with a light spring and 
closing thus the exit in the top of the base. hen 
steam is turned on from the boiler through A, an an- 
nular jet passes into the casing around 4 4, and a 
central jet through G produces a powerful current, 
and exhausts the air in the brake ee through 
D, this air —— through the check valves in C, 
and through suitable openings J 4 into the casing. 
The action of the rte we thus depends upon the 
partial vacuum obtained by the ejector, this being 
utilised by means of a double row of pipes 1} in. 
diameter inside, running along the who clength of 
each car. The next part of the apparatus is the brake 
cylinders, the general arrangement of which is shown 
in Fig. 4, at 1,1. They are formed of rubber, dis- 
tended by inner hoops, and fitted to iron heads, one 
of which is bolted to the carriage frame, while the 
other is left free to move, A length of flexible hose 
(wired inside to prevent collapse) connects each of 
these cylinders to its respective brake Pipe, and the 
brake rigging is attached to the movable head of 
the cylinder, so that when the latter collapses the 
movement may apply the brake. At the end of the 
train the pipes are connected so as to close the cir- 
cuit. In the Westinghouse exhibit, these cylinders 
compress against springs similar to those already 
mentioned for the automatic brake, excepting 
that, as the action is reversed, the springs are placed 
inside as shown at 2, 2, Fig. 4. The: perspective 
view, Fig. 1, shows the coils of heavy piping 
required at z, z, and the plan, Fig. 3, indicates the 
general arrangement. The position of the ejector 
and its connexions are clearly shown at a, y, in 
Fig 1, the steam for supplying the former being 
brought by the straight branch shown in Figs. 2, 3, 
from the main steam pipe e. 

If simplicity of individual parts be the object 
sought for in a continuous brake, it is obvious that 
the vacuum has the advantage over the automatic ; 
but the favourable comparison falls here, not to be 





taken up again on any single point, and when it 
is considered that double the quantity of piping 
of twice the diameter is required, double the 
number of joints, twice as many bulky cylinders 
made necessarily of material so vulnerable that 
it is easily pierced, so liable to deterioration, that 
after a comparatively short service it decays, even 
the comparison on the ground of simplicity ceases 
to have any value. Of course on the point of 
efficiency, comparison becomes impossible, because 
the action of the brake ceases with the slightest 
accident to the rubber of which it is formed; 
if a hose coupling (of which there are two to 
each car) separates, the brake is useless; if a train 
arts the brake is powerless; efficiency is in 
act sacrificed to so-called simplicity in all re- 
spects. The automatic brake, on the other hand, 
fulfils all the various functions which circumstances 
can demand from it, and moreover it performs them 
with a promptness impossible with the vacuum 
brake. ‘To this point we shall presently refer. 


4. The Pneumatic Signalling Apparatus.—We have 
already described this detail in our pages, and may, 
therefore, dismiss it with a few words. It consists 
of a small signalling reservoir placed on the engine 
tender. This reservoir is connected with a dia- 
phragm valve, and is charged through the brake 
Sige by an opening in the diaphragm. By slightly 
reducing the pressure in the brake pipe, the excess 
of pressure in the reservoir acts on the valve, some 
of the air contained is discharged, and blows a 
whistle, thus giving any desired signals to the driver, 
This signal may be operated from any part of the 
train at pleasure. 

It is to be regretted that this very complete 
exhibit of railway brakes has not been fully in 
operation during the period of the Exhibition. 
So far as regards the automatic, the steam pressure 
available is ample for all purposes, but the vacuum 
depends for its limited action upon the exhaustion of 
the great volume of air contained in the large pipes 
and cylinders, and sufficient pressure could not be 
obtained to show it to its fullest advantage, 

Before, however, the apparatus we have described, 
was erected at the Centennial, a series of ver 
careful experiments were made by Mr. M. N. 
Forney, the well-known editor of the Railroad 
Gazette, to test the efficiency and rapidity of action 
of the two brakes with a view to forming a com- 
parison of their relative merits. The first of these 
experiments was made with a view to ascertain the 
time required to take up the slack of the brakes on 
the vacuum system. A movement of about 6 in. is 
required to take up the lost motion, wear of blocks, 





&c., and those periods were found to be as follows : 


the fifth cylinder is obtained, but for the rest there 
was no practical difference. 

_Table No. IL. shows the time required to produce 
different degees of vacuum, the steam pressure 
being in each case 110 Ib. 


TaBLeE No. Il.—Inches of Vacuum produced, and Cor- 
responding Periods. 
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At the end of 29} seconds a vacuum of 23 in. was 
obtained, and after further delay 234 in.; these 
ressures are of course far outside the limits of work. 
ing time, but are interesting as showing the very 
perfect action of the Westinghouse ejector employed, 
18 in. being usually the maximum vacuum obtained 
with the ejector usually employed. 

By a further experiment it was found that a pres- 
sure of 3 lb. persquare inch was required to collapse 
one of the rubber cylinders. 

Turning now to the corresponding experiments 
with the automatic brake the results obtained are 
summarised in Table No. III. 


TABLE No. IlI.—Ezperiments with Automatic Brake. 





Number of Cylinders. 


Number of 
Experiment. 





- |9.{10 
Seconds required to take 
up slack or move piston 
44in. ... pa we 
Seconds required to re- 
duce pressure in reser- 
voir 2 Ib. eos Ae 
Seconds required to re- 
duce pressure in reser- 
voir 121b., or put brakes | 
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TaBxE No. I.—Ezperiments with Vacuwm Brake Apparatus, to ascertain the Time required to move Blocks. 





Number 
of 


Number of Cylinders. 





Experiment. 


| 5. | & 





1 Seconds required after applica- 
tion of brakes to collapse the 
cylinders 6in. ... ie ae 

Seconds to collapse the cylinders 
10} in., or put brakes full on 

Seconds to edhage the cylinders 
6 in. with six pairs of cylinders 

Seconds to collapse the cylinders 
10} in. with six pairs of cy- 
linders ... see cee 0s 72 

Seconds to collapse one-half the 
cylinders 6in. with a single 
line of pipe... tee sy 

Seconds to collapse one-half the 
cylinders 10} in. with a single 
line of pipe... ‘ia * 


3t 
14 
23 
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The second experiment in the above Table is 
the one which represents the time in actual practice, 
and neglecting the irregularity of the periods, which 
were greater with a smaller number of cars than 
with the maximum, the latter may be taken as 16} 
seconds required to put on the brakes with a train 
of ten American cars 55 ft. in length. The third 
and fourth experiments were made to ascertain the 
time required to take up slack, and put brakes full 
on with a shorter train, four sets of cylinders and 
their pipes having been disconnected for this 
purpose. From this it appears that a period of 
8 seconds are necessary to bring the brakes into 
operation on six cars. The fifth and sixth experi- 
ments were equivalent to the application of two 
ejectors for exhausting the pipes and cylinders. 

ith this increase of power it will be seen that a 
very much prompter action as regards the first to 





TABLE TV.—Comparison of Vacuum and Automatic 
Brakes. 





Seconds required to 
take up Slack. 


Seconds required to 
"put Brakes full on. 





Number of Cylinders.|Number of Cylinders. 








1. | 6. | 10. 


7 t 


6. | 10. 
8 | 9 
1 1k 


In these experiments it was impossible to note 
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the times for the intermediate cylinders. The second 
result was obtained to check the first, it being found 
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that a reduction of reservoir pressure of 21lb. was 
enough to move the brake piston out 4}in., or more 
than sufficient to take up the slack. 

iment No. 3 was carried out in the same way, 
the reduction of pressure being 12 lb. instead of 
9 Ib., a8 in the second experiment. 

The results for both systems are ~ in juxta- 
position on the preceding page in Table 1V. 

Thus the automatic brake can be put full on, 
and released three times at least, while the vacuum 
is slowly bringing itself into action, and while the 
frst cylinder in the latter is taking up the slack, the 
whole of the automatic brakes can be put nearly full 
on. Taking the average times to get both brakes 
into operation we find them to be— 





seconds. 
Vacuum 15.45 
Automatic 1.92 
Difference in favour of automatic ‘J 13.53 


The mean time required for taking up the slack in 
the two systems is as follows: 


seconds. 
Vacuum ooo 6.85 
Automatic -92 


Difference in favour of automatic... 5.93 
In other words, trains running at different speeds 
would traverse the following distances before the 
brakes would be brought into effect : 
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it - ft. ft. 
30 44.00 41.80 301.40 259.6 
40 58.66 55.70 401.80 346.1 
50 73.33 69.66 502.21 432.6 
60 88.00 | 83.60 602.80 519.2 














This comparison could be carried of course a great 
deal further by comparing the increased distance 
that the trains would run during the time taken to 
get the brakes full on, and which, as we have seen 
above, is in the proportion of 15.45 seconds to 1.92 
seconds. A number of experiments with actual 
trains in the United States have corroborated 
the results obtained by Mr. Forney, and show 
that they are to be in every way relied 
upon, and the fact that any system of brakes 
which cannot be brought in any action until a train 
running at a moderate speed has passed over between 
400 ft. and 500 ft., condemns it if any other system 
is available which can be brought into action before 
a train running at 60 miles an hour has traversed 
85 ft. Within this difference lies the neutral ground 
between safety and destruction in very many of our 
railway accidents, and when it is remembered how 
many other reliable and essential qualities the West- 
inghouse brake possesses, the travelling public in 
this country have every reason to congratulate 
themselves at the almost certain prospect of this 
additional and all-important means of safety being 
employed to reduce the perils of railway travelling. 

In conclusion we may add that the only award 
made at the Centennial for railway brakes was given 
to the Westinghouse Air Brake Company for their 
automatic exhibit, the judges declining to award for 
the vacuum brake. 


IRON AND STEEL INSTITUTE MEETING 
AT LEEDS. 
To THE EpIToR OF ENGINEERING. 
, Str,—In the programme for Wednesday, September 20th, 
in which the list a en and other works open to members 
on that day is given, a footnote is appended to the name of 
Messrs. 8. T. Goo r and Co., of the Leeds Iron Works, 
Leeds, stating ‘‘ that these works are not in operation.” 
Having heard that an erroneous interpretation has been 
put upon this statement, I shall esteem it a favour if you 
will kindly announce that the stoppage was only for a few 
days, and was entirely owing to causes connected with the 
management of the works which prevented the establish- 
ment being in full operation during that particular week. 
Yours truly, 
JOHN JONES. 
General Secretary. 
Royal Exchange, Middlesbrough, October 12, 1876. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Large Tron Plates.—Last week the Farnley Iron Company, 
at their works near Leeds, rolled some plates 10{t. 2in. 
long by 9 ft. 10 in. wide, and }in. thick, an unusually large 
size for ordinary sorts of plates. 


Sheffield Water Works Supply Fin any bd some time 
mpany have been en 
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gaged in taking up the old 3-in. and 4-in. supply pipes 
which were lying A almost every Le of the town, and 
replacing them with new pipes. here there were pipes 
of only 2 in. in diameter, 3in. or 4 in. pipes have n 
laid down, whereby a very sensible improvement as to 
pressure and general efficiency of the supply has been 
secured. During the past week new pipes have been down 
in the Wicker and other streets. The large mains have 

been greatly improved recently, and new ones put in 
to the out districts. 


Chesterfield and Derbyshire Institute of Engineers.—On 
Saturday last a general meeting of the members of this In- 
stitute was held at Chesterfield. The president, Lord 
Edward Cavendish, was unable to be present — to ill- 
health. The following new members were admitted : John 
Beardsley, coalmaster, Langley Mill ; William Chambers, 
underviewer, Watnall, Notts ; Arthur Frith, iron merchant, 
Chesterfield ; and W. J. H. Ryder, manager, Forth-street 
Brass Works, Newcastle-on-Tyne. Discussions took place 
ona et the Advantages of a Sectional over any 
other C of Boiler,” by Mr. R. A. Marshall, and on 
another by the Rev. J. M. Mello ‘‘ On the Lithological Use 
of the Microscope,’ and on one by Mr. A. F. Painter “ On 
the Liernur System of Drainage and Treatment of Sewage.” 
Mr. 8S. C. Wardell read “‘A Short Description of a New 
Paraffine Safety Lamp,’’ Mr. E. Bromley one “ On Rain- 
fall,’ and one by Mr. C. E. Jones ‘‘On the Manufacture 
of Coal Gas and its Application to Artificial Illumination.” 


The New Manchester Gas Works.—At the half-yearly 
meeting on Monday of the Sheffield United Gaslight Com- 
pany, the chairman, Mr. Mappin, made some strong 
allusions to the new scheme of the Manchester Corporation 
Gas Works. He characterised the expenditure of 750,0001. 
on the new buildings, &c., as being unwise and improper, 
as it would tax the gas consumers and free large ratepayers, 
who might not use great quantities of gas. 


NOTES FROM THE SOUTH-WEST. 
Trade in South Wales—An iron ore pit has, within the 
last few days, been reopened at Sirhowy, and the Tredegar 
mills will be set going next week. 


Bristol Tramways.—On Friday, Captain Tyler, the 
chief inspector of railways under the Board of Trade, in- 
spected the St. George’s extension of the Bristol tramways. 
He was accompanied by Mr. Kincaid (the company’s en- 
gineer), Mr. George White (the secretary), and Mr. Robin- 
son (general manager). The whole of the line, with the 
exception of a small piece in front of Messrs. Garton’s 
brewery, is laid ; andas there is now no doubt of the settle- 
ment of a little difficulty between the company and Messrs. 
Garton, this connexion will be at once commenced, so that 
there will be a continuous line from St.’ George’s to Red 
land. It is anticipated that the opening will take place in 
about a fortnight. Captain — expressed himself ver 
well pleased with the way in which the track has been laid, 
and it is understood that his report to the Board of Trade 
will be of a favourable nature. 


New Passenger Stations on the Great Western.—New 
passenger stations proposed to be erected by the Great 
Western Railway Company at Cardiff, Cwmbran, and New- 
port are expected to involve an outlay of 32,0001. 


Netherton and Halesowen Railway.—The works on the 
Netherton and Halesowen Railway, between Netherton and 
Old Hill, are nearly completed. Between Old Hill and 
Halesowen the tunnel is finished, except the wing walls 
to the faces, and good progress is being made with the cut- 
tings. 

Landore Steel Works.—The Landore Steel Works are 
moderately active. The full staff of men is not, however, 
at present employed. 


Bridgewater Water Supply.—In consequence of a refusal 
on the part of the representatives of Mr..Stanley, a large 
landowner in the neighbourhood, to allow the Corporation 
of Bridgewater to derive a proposed supply of water from 
the junction of certain streams from the Quantock Hills on 
his estate, an intention to apply to Parliament in the next 
session for the necessary authorisation, will not, it is 
believed, be adhered to. Mr. Hawkesley, the engineer who 
has been consulted in reference to the matter, estimates 
that the cost of constructing a compensation reservoir, 
such as,is asked for by Mr. Stanley’s representatives, in 
the event of the water being taken from the proposed 
source, will not be less than 25,0001. ; and as the original 
estimate for supplying the town with water, irrespective of 
any such reservoir, was 30,000/., the members of the town 
council agreed that such an enormous expense could not be 
entertained. It is now suggested that the experiment 
should be tried of boring for water in the vicinity of the 
town. 














NOTES FROM THE NORTH. 
Giasaow, Wednesday. 

Glasgow Pig-Iron Market.—The pig-iron warrant market 
continued firm on Thursday forenoon, and 57s. 3d. cash 
and 57s. 6d. one month open were freely paid; but dis- 

uieting news having come from the Continent regarding 
the Eastern Question, buyers were readily supplied on 
Friday forenoon at 57s. 4d. to 57s. 3d. one month open, and 
at 57s. 14d. cash, the week thus closing with prices at a 
little below the opening quotations. The market was very 
quiet on Monday forenoon, and only a limited amount of 
business was done in warrants at 57s. to 56s. 9d. cash, 
closing buyers at the latter, sellers asking 56s. 10}d. prompt 
cash, and 57s. one month. There was a steady market in 
the afternoon, with business done at 56s. 9d. and 56s. 103d. 
prompt cash, and 57s. one month. In the afternoon there 
was a steady market, with business done at 56s. 9d. and 
56s. 10}d. cash, closing with buyers at the former, and 
sellers at the latter price. Yesterday was observed as an 
entire holiday owing to the presence of the Prince of Wales 





in Glasgow to lay the foundation stone of the new Post 
Office that is in process of erection, and uently no 
market was held. When business was Savana ie re- 
noon there was only a small amount of business done in 
warrants at 56s. 3d. cash, at 56s. 44d. fourteen days, and 
56s. 6d. one month open, closing sellers 56s. 3d. cash, buyers 
56s. lid. The market continued flat during the afternoon. 
A few lots changed hands at a trifle over 56s. cash, the 
market closing with buyers at that price, sellers 56s. 14d. 
Although there are appearances of an improvement in 
trade, it is abundantly evident that there will be no real ad- 
vance until the political world is in a more settled condition. 
Last week’s shipments amounted to 11,049 tons as against 
9723 tons in the corresponding week of last year. Storing 
is still go on somewhat extensively, the amount of pig 
iron with Messrs. Connal and Co. last Friday night being 
93,398 tons, thus showing an increase of 1382 tons during 
the week. There are still 119 blast furnaces in operation, 
as against 116 at the same time last year. 


Aberdeen Harbour Improvements.—The report of Sir 
John Hawkshaw and Mr. James Abernethy, the consulting 
engineers, as to the propriety of extending the north pier 
at Aberdeen, has just been received. It is of considerable 
length. They recommend that the north pier be extended 
500 ft., in addition to the present extension, or 1000 ft. in 
all; and they state that the south breakwater should be 
extended 150 ft. With the extension of the piers there 
would still be a wide enough space left for the purposes of 
navigation. The engineers recommend that the whole of 
the southern slope of the fairway from Torry Bay to the 
south breakwater be pitched with stones, so as to make the 
channel of uniform breadth, and they think that the sewage 
should only be discharged at low water, or else carried out 
directly into deep water- 


Proposed Clyde Conservancy Board.—Following up Sir 
John Hawkshaw’s report upon the purification of the Clyde, 
a meeting, convened by the Lord Provost of Glasgow, of 
representatives of local authorities in towns and districts in 
the valley of the Clyde, was held two or three weeks ago, 
when it was resolved to seek powers from Parliament for 
the establishment of a Clyde Conservancy Board for the 
purpose of carrying out some of the recommendations con- 
tained in the report. Several representatives present at 
the meeting dissented from the resolution, and already ve: 
decided opposition is being threatened against the proposal. 
Several of the local authorities in the immediate —s of 
Glasgow have declared against it, and on Monday a meetin 
of ae of the local authorities of burghs an 
parishes situated on the banks of the Clyde in the upper 
and middle wards of Lanarkshire was held at Hamilton. 
The provost of that town presided. In introducing the 
business, he read a letter from Mr. Hamilton, of Dalzell, 
who could not see how the city of Glasgow had any claim 
to saddle the landward portion of the county with the in- 
quiry as to how the sewage of Glasgow and Paisley was to 
be conveyed to the sea. The chairman maintained that the 
Rivers Pollution Act met all that could be required of the 
inhabitants of the middle and upper reaches of the Clyde, 
and characterised the Bill about to be promoted by Glasgow 
as one to enable the local authorities of Glasgow to assess 
the other local authorities in the Clyde basin for expenses 
which they had not incurred. The speakers who followed 
also condemned the og a Bill, and one of. them 
maintained that the Clyde Trust should bear the cost of 
purifying the river, just as the Metropolitan Board of Works 
were responsible for a similar duty to the Thames. The 
following resolutions were adopted: 1. That the boundaries 
of the area over which it is proposed that the Sanitary Com- 
missioners of the Clyde shall have jurisdiction embraces 
large portions of territory which do not contribute appreci- 
ably to the pollution of the Clyde, and that jsuch pollutions 
should not be included within the proposed boundaries. 
2. That the Royal Commission having been issued mainly 
at the instance of the local authority of Glasgow, the cit 
of Glasgow should itself bear the expense thereby incu 
8. That the chairman of local authorities should be re- 

uested to call meetings of their several authorities without 
lee, in order to submit the pro; scheme for considera- 
tion, and that it be recommended that each local authority 
appoint one or more representatives, with full power to act 
as may be considered best. 4. That a committee be a 
pointed to consider the scheme further, and communica‘ 
to local authorities such further suggestions as may be con- 
sidered proper, and take such other steps for fuller considera- 
tion of the subject. The committee appointed were Provosts 
Forrest, Hamilton (convener); Cowie, Airdrie, and Gil- 
christ, Wishaw ; Sir E.Colebrooke, M.P. ; Major Harring- 
ton, Messrs. Smith, Alston, Waugh, and M‘Lean. 

Proposed New Dock at Greenock.—The new wet dock 
which Mr. Kinipple, C.E., has designed for the Greenock 
Harbour Trustees promises to be a ve a 
The following are the Genntcionss tana, 1600 ft. ; breadth, 
300 ft. The tidal harbour leading to it is set down at 
750 ft. long and 70ft. broad, both having a depth of 18 ft. 
at low water, and 28 ft. at high water. The cost of con- 
struction is estimated at 250,0001. 








Emery WHEELS.—We notice that the Tanite Company, 
of Stroughsberg, Pennsylvania, U.S., have commenced busi- 
ness in this country, having recently opened offices at 42, 
The Temple, Live 1. The solid emery wheels and grind. 
ing machinery of which this company have made say 
have been very largely and successfully introduced in 
America, to a much greater extent, in fact, than in this 
country. The American Tanite Company claim, and with 
considerable reason, that the best classes of emery wheels 
can only be produced after considerable experience in the 
detail of their manufacture, and the step they have taken in 
thus pushing the extended introduction of these valuable 
labour-saving appliances will, no doubt, be s ily followed 
by a far larger use of them in this country t at present 
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We give this week a two-page engraving, together with 
other views on the present and opposite pages, of one of 
a class of powerful tank locomotives constructed from the 
designs of Mr. Samuel W. Johnson, for working heavy 
local passenger traffic on the Midland Railway. The 
engine now illustrated may be considered to be a develop- 
ment of the type introduced by Mr. Johnson on the Great 
Eastern Railway, while he was the locomotive superin- 
tendent of that line—a type which has done excellent 
service, As will be seen from our engravings, the engine 
has two pairs of coupled wheels 5 ft. Gin. in diameter, 
the axles of these wheels being situated under the barrel 
of the boiler at a distance of 8 ft. apart from centre to 
centre. The trailing end of the engine is carried on one 
of Mr. William Adams’ bogies, this bogie having two 
pairs of 3 ft. wheels placed at 5 ft. centres, and the centre 
of the bogie being 11 ft. 3in. in the rear of the centre of 
the driving axle. The total wheel base is thus 22 ft. 9 in., 
= as from centre of leading axle to centre of bogie, 

t. 3 in. 

The cylinders are inside, and are 17in. in diameter, 

while the stroke is 24 in., the tractive force being thus: 


17? x24 
== ——22 105.00 Ih. 
66 05 


for each pound of effective pressure per squaro inch on 


the pistons. The particulars of the heating surface and 
leading proportions of the boiler are as follows: 
Heating surface of tubes (external) ... 1105. sq. ft. 
” ” firebox eee eee 104.4 ” 
Total heating surface... 1200.4 ,, 
Grate surface ae ies 16.7.5, 
Flue areathrough tubes ... —... 2.7 55 
Least sectional area of chimney ... “ 1.33 ,, 
Total heating surface+firegrate area= 72.4 
i te area~fiue area ... ove = 6.18 
Firegrate area—least sectional area of 19.55 
Length oF tubes+internal diameter = 883 


The firebox, it will be noticed, is provided with a fire- 
brick arch, and also with a hanging bridge formed by a 
kind of transverse pocket fixed to the crown of the fire- 
box. The pocket or hanging bridge, it will be observed, 
is slightly arched on the other side, so as to facilitate its 
being kept clear of deposit. The firehole is fitted with 
& scoop or air deflector, as shown, and the firedoor is pro- 
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vided with louvres for the admission of air. The general 
dimensions and constructive particulars of the boiler are 
given in the specification which we subjoin, but we may 
point out here that the central plate of the barrel is 
strengthened at the dome opening by an internal thicken- 
ing plate, which is not a mere ring, but which extends to 
the adjacent circumferential seams. This mode of 
strengthening a dome opening or manhole is an excellent 
one. 

We have said that the trailing end of the engine is 
carried on one of Mr. Adams’ bogies. The leading features 
of this bogie, as many of our readers are aware, consist, 
first, in the centre bearing being taken on a large india- 
rubber pad, and, secondly, in the bogie frame being not 
only free to turn upon the bogie centre, but also to shift 
laterally to an extent controlled by springs acting hori- 
zontally. In the case of the engine under notice, the main 
frames are reduced in depth behind the firebox, their 
thickness, however, being at the same time increased from 
1 in. to 1} in., and they are tied together just above the 
bogie centre by a pair of strong transverse stays which 
not only transmit the load to the bogie, but also take the 
pull of the trailing draw-bar. The bottom flange—as we 
may call it—of the box girder formed by the two trans- 
verse stays just mentioned, consists of a plate 1 in. thick 
and 2 ft. 7 in. wide, and to this plate is bolted a casting 
of the form shown in Figs 1 and 5. Between this casting 
and another sliding on the bogie frame is placed an india- 
rubber ring 2 ft.in diameter and 4 in. thick, this ring 
forming an elastic centre bearing for the bogie and leav- 
ing the latter free to cant in any direction as regards the 
engine frame. 
the india-rubber ring and the lower casting, the 
interposition of this brass dish allowing any neces- 
sary circular movement to take place between the 
india-rubber ring and the lower casting. The upper 
casting, it will be noticed, has 4 centre pin 6 in. in dia- 
meter formed on it, this pin entering into a correspondingly 
bored hole in the lower casting. This latter casting rests 
upon steel rubbing pieces fixed to the central transverse 


stays of the bogie frame, a part of the casting also fitting S 


between the angle irons forming this transverse stay. 
The lower casting is capable of sliding laterally 2 in. each 
way, but its lateral movement is controlled by the india- 
rubber springs arranged as shown on the plan, Fig. 2, and 





transverse section Fig. 5. The axle-boxes of the bogie 
wheels are connected on each side of the engine by a 
compensating beam, through which the load is transmitted 
from the ends of a steel spring. This spring is attached at 
its centre to a link, which passes down through the 
transverse frame of the bogie and a thick india-rubber 
ring below, as shown in Fig. 5. This arrangement of 
springs and india-rubber pads gives, as may be anticipated, 
very easy riding. We have frequently expressed a 
favourable opinion of Mr. Adams’ bogie, believing, as we 
do, that it is the best arrangement of its kind yet brought 
out, and this being so, we are glad to learn that it has 
found its way into very extensive use, not only in this 
country, but also on lines abroad. 
The water is, in the engine we are describing, carried 
ly in wing tanks at the sides of the boiler, and partly 
in tanks on each side of the coal bunker at the rear end. 
The total contents of the tanks is 1050 gallons, while the 
fuel bunker carries 25 cwt. to 28 cwt. of coal. The 
weight of the engine is as follows: 





Weight in working order : Tons. cwt. qr. 

On leading wheels ... ‘as oe ee i 

», driving ,, om ees ove 14 12 2 

»» bogi ” ea wees 

Weiss ~~ ‘eo eee 4 9 $8 
eight empty : 

On leading wheels ... aa ove 122 4 1 

eS ee eee ee ee | ee 

” ili eee eee one eee 12 3 2 

Total ... ose 37 4 #1 


Inasmuch as we print, below, the specification to which 
the engines we have been describing have been built, it 
will be unnecessary that we should enter into further de- 
scribed particulars, but we may direct special attention to 
the general neatness of detail, as well as the substantial 
character of the whole design. The engines are in fact 
well fitted for the work which they have to perform, and 
they belong to a type which is we think likely to become 
very extensively adopted for working the heavy local 
traffic which has to be dealt with on lines in the neigh- 
bourhood of the metropolis, In conclusion we subjoin 
the specification already referred to. 


MIpLAND Rartway. 
Specification of Four Wheels Coupled Passenger 
Tank Engine. 


Crass D. 
General Conditions.—The must be made to the 
dimensions given’ in the following specification, and to 


— to be supplied by the company’s locomotive 
superintendent, ex: in cases where his consent to an 
alteration has been obtained in writing. , 


The quality of the materials to be of the make specified, 
and when no instructions are given, both workmanship and 
materials are to be the very best of their respective kinds. 
No advantage whatever is to be taken of omission of 
details in the drawings or specification, as the contractor 
may obtain a full explanation of ey of the work not 
ciently shown or understood. ) i must be 
Suen one aes in the most complete manner and 
to the entire satisfaction of the company’s locomotive super- 
tag 5 hag be 4 naw = inspect ee Fame na 
or by deputy, the work during its progress, ject 
oar — or —— a or workmanship. 
case of an: pu , either e 
of the con’ or at tts termination, the decision of Mr. 
Samuel W. Johnson, the company’s locomotive super- 
intendent, is to be taken as final and binding in every 
respect. The engines are to be delivered by the builders, 
free of charge, to the Midland Railway Company at Derby, 
fit and ready for work in every respect ; and i to pay- 
ment (in the usual way at the end of the second month after 
delivery), each engine will be ired to run 1000 miles 
consecutively without showing any defects in materials or 
workmanship, and the builders be held responsible for 
all such defects that may appear (accidents being excepted) 
until they have run that distance. All royalties and patent 
rights are to be paid by the contractor. 


QuaLiry or MATERIALS. 

Tron.—In all cases where “best iron,” is specified, it 
most be wrought iron of the manufacture of either Low- 
moor, Bowling, Taylor and Co., 8. T. Cooper and Co., 
Monkbridge, or Farnley best iron, and the brand of the 
manufacturer must be placed where it can be seen when 
the part of the engine in which it is used is finished. 

Brass and Gun-Metal.—Where ‘“‘ brass’’ is specified, it 
must be of good tough metal. ‘‘ Gun-metal’’ must be com- 
posed of me 5 , tin 1 part. 

White Metal.— ook, he composed of tin 16 parts, 
antimony 2 parts, copper 1} parts. 

Other meterials to be obtained of the manufacture 

ified under the respective heads, unless the consent of 
the company’s locomotive superintendent be obtained to an 
mn. 


A thin brass dish is interposed between | siteratio 


Boiler.—Barrel, dome, firebox shell, and smokebox tube- 


late, with all le irons, rivets, stays, to be made of 
wmoor iron in the engines, and the remainder of 
one or other of the firms as ified. Barrel to be telescopic 


as shown, and to be made of three plates. Transverse 
joints to be single riveted. Longi seams to be butt- 
jointed and double-rivetted y Bs and outside joint 
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a Oe ee nee 
fitted with a gun-metal cover carrying a of 
ag Seer poy oe plgmeer w The flange of phy mage Fh mh 

faced so that eeaeuty steam-tight joint can be made. 
The ring round bottom of firebox to be of section shown on 


wings- 
oo ee yen Sa cng pant of barrel or firebox shell to be 
** best iron.”’ All rivets must completely fill the holes, the 
latter must be anf countersunk and drilled, or punched 
and rimmed, — fair with each other in all plates and 
angle irons. No saith will be allowed on any considera- 
tion. Great care must be taken that the plates are brought 
together before any rivet is put in. 

All plates to be planed at the edges before being put to- 
gether. Plates to be heated before - ; great care 
must be taken in caulking not to injure the p ites, a broad 
fuller must be used. Four wash-out plugs are to be inserted 
in smokebox tube-plate, and seven in firebox shell, round 
bottom ring and in other places, as shown on wing. 
Girder stays to be fixed to tube-plate, gusset stays to back 
plate, palm stays - firebox, and other stays where they are 
shown on drawing: 

Before being a the boiler is to be tested by the con- 
tractor, in the presence of the company’s engineer or his 
agent, to a pressure of 200 lb. per square inch with water, 
and afterwards to 150 lb. with steam, and it must be per- 
fectly tight under these pressures. 

Dimensions. 
Length of barrel between plates... 
Diameter (outside at smokebox end) 
Thickness of plates... 
o — gente 


Circular lap of plates 
Diameter of rivets 
Pitch - 
Firebox Shell: 
Length (outside) ... 
Breadth (outside at bottom) 
Depth at = below centre line of boiler 


Thickness of seed plate .. 


” 


_ 


ocoocooceor 


side and covering plate (in 
one ‘plate).. 

Distance o' copper ‘stay: 8 apart . 

Diameter of stays (11 threads per inch) 
Midland standard “sp 

Diameter of rivets NS ese eee 

Pitch of 9 ide 

Diameter of bottom ring rivets .. 
te 


Pitch 
Smokebow, —Plates for smokebox and door to ns of B.B. 
Staffordshire iron, having a perfectly smooth surface. All 
rivets to be countersunk outside and filed smooth. Plate 
to be fixed on bottom of smokebox above cylinders 
as shown in drawings. Door and fittings to be made as 
shown in rey oa 


ocoole occ cooeCRn 


imensions. 
Length (outside) 
Width (inside) - 
Thickness of ae. 


Angle iron.. woe 
ae of rivets... eee 


jhinane —To be made of B.B. Staffordshire or York- 
shire iron, to have a liner as shown on drawi Joints to 
be butted and all rivets countersunk down “the back and 
filed smooth. The bottom to be perfectly free from hammer 
marks and carefully fitted to the smstaben The top to be 
made of cast iron. 
Dimensions. ft. in. 
Height of chimney from rail... as 13 2 
Diameter at bottom of chimney cap 


Ash-pan.--To be fitted with two movable doors, worked 
from footplate ——— gearing. See detail drawings. 
ensions. in. 
Thickness of ere vee ove oe 0 
Angle iron . eve eve 02 x £2 
Sinaia of rivets : Ot 
Pitch 


Inside Firebow. —Copper of firebox and stays to -* ot the 
very best quality, and obtained from Messrs. Greenfell and 
Sons; Bibby, Son, and Co.; Vivian and Sons; Everett 
and Co.; or other approved maker. 

Copper stays and rivets to be the best soft-rolled copper 
bars, and plates to be annealed both before and after flanging 
and to stand a test of being doubled cold without showing 
any signs of cracking. 

A brass plug, with fusible ques, to be inserted in the 
crown of firebox, clear of brick arch 

The copper stays are to be screwed into firebox plates 
and shell plates, and to be very carefully rivetted 
over at each lod, the thread being turned off the portion of 
the stay between the plates. Heads to be larger on inside 
of box be drawing). Fire-bars of cast iron supported as 
shown on drawings. Copper crown and side plates of fire- 
box to be in one plate. 

Dimensions. 
Length at top (inside) . 
ttom (insi 


Breadth at a a) eee 

Top of box to inside of shell ... 

Depth below centre line dn, nee at 
ront end inside Be 

Ditto, back end 

Water space all round at bottom 

Thickness of plates eo 

Tube aa through tubes 


» height oe 
” section of ring 


cooocenw 


+ ree 


Seema Weds] 
Saad 


Corrocoocoea Kore > 
Lo 

co 
() -_ 





Roof stays, number 8 ft. 
” depth sin - ~ 0 
thickness als 0 


Copper rivets, diameter _ 8 sia : 
pitch 


” ” 1 see lj 

Tubes.—To be A of 70 parts ‘of copper = 30 parts 
of Silesian spelter, and to be solid drawn, of either Everett’s, 
Green’s, ilkes’, or Birmingham Battery Company’s 
manufacture, or any other approved make. To be fixed 
with ferrules at firebox end o: ly, and to be carefully drifted 
and fia: over. Ferrules to be made of ferrule steel, or 
best malleable cast iron, and to go into the tubes a tight 
driving fit, care being taken that the ends of tubes are not 
cracked by i improper drifting. Tubes at smokebox end to 
roject throug plate 4in., and to be expanded with one of 
Da he 8 patent tube expanders. To be 11 B.W.G. thick 
at the firebox end for a length of a foot, then to be drawn 
tapered to No. 13 B.W.G. thick at the smokebox end, the 
taper being on the inside only, the outside remaining 


parallel. 
Dimensions. ft. in. 
Number of tubes, 221 
Length ove ps on ae 
Diameter outside ” a ee. 
Thickness at firebox end «.. 0O11 B.W.G. 
»» smokebox end 0 13 B.W.G. 
Distance of centres apart 0 2} 
Thickness of metal between holes ... 0 03 
Safety Valves.—The dome cover with the two safet 
valve seatings, to be cast solid of gun-metal, and fitted wit 
Salter’s spring balances graduated to 180 Ib. per square 
inch. Levers proportioned for 16 ounce balances. One 
lock up safety valve (to og ony supplied) to be fixed on man- 
hole cover, as shown. lves on dome, two in number. 
Diameter of each valve 3$in. Wrought-iron work see 
drawin; 


in. 
5t 
2 
On 


Tpelater and Steam Pipes.—Regulator of cast iron 
heving double slides. Steam pipes to smokebox and to 
cylinders to be of copper, No.7 B.W.G. thick, hardsoldered 
on the inside, flanges to be of brass. Steam pi to be fixed 
to the tube-plate by a ferrule of the best steel, turned and 
made a ti _ va Ly a other end of pipe a brass cone is 
brazed ani to regulator by wrought-iron clip and 
two bolts -. afte best iron. 

Diameter of steam pipe inside... 

Exhaust Pipe.—To be made to drawing. | 
‘imensions. ft. in. 
Dimensions of top inside ... ace 0 4 
Height of top above top row of tubes ... 0 2 
Cylinders.—To be of the best close grained, tough, cold 

blast cast iron, as hard as can be worked, and perfectly free 
from honeycombs or other defects. They must be trul, 
bored and the ends must be bell-mouthed. All joints onl 
surfaces to be planed, or turned and scraped to a true 
surface, so that a perfect steam-tight joint can be obtain 
A Furness lubricator to be fixed on each side of smoke- 
box for oo the cylinders, and water cocks at 
bottom of chest also at each end of the cylinders, with 
suitable gear for working them from the footplate. Under- 
= of cylinders to be lagged with wood and covered with 
sheet iron. 


4 in. 


a 


~ = 
Diameter (inside) . 
Stroke 
Distance of centres... 

valve spindle ‘centres. 
Thickness of metal ° ee 
Breadth of ports... 
Length of steam port 
- exhaust port 

Thickness of bridge 
Length of workingface ... 

Pistons.—Pistons to be of tough ‘cast iron, made 
from cylinder metal, and to sound and free from all 
defects ; to be accurately fitted to cone on end of piston rod, 
and fixed with a nut, as shown on drawings. Piston head 
turned s\ in. smaller than the diameter of cylinder. Pack- 
ing rings to be of cast iron turned on outside and on edges, 
made ys in. larger than cylinder, and then cut and sprung 
into their places. 

A spiral spring to be inserted in the body of the piston for 

ressing out the packing’ rings, as shown on the drawings. 
hen finished, the whole must be an easy but accurate fit 
in the cylinders, so that the piston and rod can be moved 
easily backwards and forwards 
Dimensions. ft. in. 
Width of piston ete deo eee 0 3 
Rings (two) ... ul dhe eee eve : 0§ 
Thickness of riz O# 

Piston Rods.—To be of the best crucible cast pa (care- 
fully annealed), by Messrs. Vickers, Sons, and Co., Cam- 
mell and Co., or other approved makers, to be made with 
cone and nut for fixing to piston and cottered to crosshead, 
as shown on drawings. Diameter of piston rods, 2} in. 

Crossheads.—To be of best iron, with pins of crucible 
cast steel, made in accordance with drawing. 

Slide Bars.—To be of cast steel, same quality as piston 
rods. Slide blocks to be of same metal as cylinders, and 
free from all defects : 

Dimensions ft. 
Length of bars’... es ese 3 st 
Breadth _... oe oc ok . 0 2 
Thickness... ~~ ihe ove - 0 2 
Length of blocks... 0 10 

Slide Valves.—To be of the very best quent’. Valve 
spindles of best iron, made in accordance with drawings. 


Dimensions. ft. in. 
f bee 0 of 
gear 0 
Centre line of valve raised ‘above. centre 
line of cylinder at centre of exhaust 


port oe eco mn = ove 0 2 
Valve Motion.—All wrought-iron to be “‘ best”’ iron, all 


COCK CONNDHS 


1 
0 ill 


in. 


ed. | Leading Azle: 





the wor 
and finish 
lifted at the middle, the 


ing ent rubbing surfaces to be well case-hardened 
in the best manner, links to be 
h bar shaft being above the 
motion. All the — pins to be of steel accurately fitted. 
ey pulleys to be in two mene the smaller piece 
of “ best’’ iron, and the r piece of cylinder 
poor Eccentric straps to be of “‘ best’ iron lined with 
white metal. Valve spindle guides to be of gun-metal lined 
with white metal. 
Dimensions. 
Diameter “9 a aye 
Breadth 


Throw 0 52 

Reversing Gear.—To be fitted with a screw reversing 
gear to drawings supplied. All wrought iron to be “‘ best” 
iron and working _ well case-hardened. 

Connecting Rods.—Connecting rods to be forged solid 
** best’’ iron, in one length not ot relied, the brasses to be 
fitted with white metal of the same proportion as the axle- 
boxes. Cotters to be the very best crucible cast steel 
(carefully annealed). Bolts to be made of Lowmoor iron. 

Dimensions. in. 
Distance of centres oe eee at 6 Hy 
Diameter at — - des eee se : 
en mee 

Coupling Rods. —To be “best” iron, rods to A , 
solid without weld. To be made with solid circular ends 
fitted with gun-metal bushes lined with white metal, ends of 
rods to be case-hardened. 

Coupling Rod Pins.—To be of the same make and 
quality of steel as piston rods, forced in wheels by hydraulic 
pressure and carefally rivetted over on inside. Holes in 

wheels bored parallel. 

Dimensions. ft. in. 
Diameter of pin—leading and driving .. 0 3 
Length of pin 0 3 

Azles. “Omak and straight axles to be made of “ best’’ 
iron, Taylor’s, Cooper’s, or Monkbridge. To have coned 
bearings as shown on wings. All the turned parts to 
=. of an exact size and made to bey my so that they 

be interchanged, and Rew d must be legibly ae 
wit the maker’s name. Right-hand crank to lead 
Driving : Dimensions. ft. 
Diameter in middle eee tee 
pm on wheel seat ... eco 
ae ig 
99 of crank-pin bearing .. eee 
Length of ” ” 


” 
wheel seat Pr 
Distance apart of centres of cranks 
bearings 
Cross section of crank arm 
inside web 


eee 


Diameter in middle 

” on wheel seat . 

99 of bearings at middle .. 

of bearings atend .., 
Length of —, ie 
Distance apart of centres of bearings eve 
Bogie Azles : 

Diameter in the middle 

on on the wheel seat 

. + bearings 

Length o' 
Distance apart of centres of bearings .. 

Azle-Bowes.—All axle-boxes, both for engine and bogie, 
be of the very best gun-metal lined with white metal and 
fitted with cast-iron keeps. Every axle-box must be made 
accurately to dimensions, so as to be interchangeable with 
any or all the engines, and the same condition applies to 
all =e parts, which must be exact duplicates of each 
other. e-box guides to be of cast steel, by Cammell, 
Viskors, Son, and Co., or other approved maker. The toes 
and sides to be i in one piece (of leading and driving), an 
flanges to be planed all over and fitted to template. 

Wheels. “to be of wrought iron made from the very best 
materials and workmanship, with solid rim, — and 
bosses. The spokes must not be dabbed on the rim, but 
forged with a solid T head and carefully welded at the 
—_ of each spoke. Each wheel must be put on the axle 

draulic pressure before the tyre is shrunk on the 
ef with a pressure of not less than 50 tons. The out- 
side diameter of wheel centres to be worked to a gauge to 
insure all being exactly alike in diameter. Balance weights 
to be forged solid in the wheel centre as shown on drawings. 

Dimensions. 
Leading and Driving: ft. 
Diameter outside rim a Gating - — 


@Coooo weeoeoecece cCownwncocococooceo 


in. 


~e 
s° 


ing) 
Width of rim.. eee 
Thickness of rim ; 
Number of spokes ... 


Thickness of spoke at rim . é 


at boss .. 
Diameter of boss 
Width of boss , 
Diameter of hole in boss ... 
Centre of wheel to centre of coupling pin 
Centres of Wheels : 
Driving to leading tee ove 
” centre Sof ‘bogie... * ~ 
Centres of bogie wheels 
Diameter of bogie wheels on rim. 
Number of spokes... 
(To be continued. ) 


3 wis 3 
3 egs $ 
Ll — 
‘oe 


~ 
SS 


i 
= OO 


norKO cCOoOorKFOoOS oot 
ee 


TISOWSO 








gq aaneane Surp CANAL.—The total length of a canal by 
route will be about 61} miles. To this Z 
\* add 63 ules slack water navigate by big ect ed of the 
San Juan river, and 56 miles across 


eet ih ersetan cane te tantnae eit alles. 
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MERCHANT SHIPPING. 

THE Merchant Shipping Act of 1876 came into 
operation on the first day of the present month, 
and its provisions are now being anxiously studied 
by shipowners and others interested in the mercan- 
tile marine. During the progress of the Bill through 
Parliament we discussed its provisions at consider- 
able length, and several of the defects pointed out 
by us were afterwards removed, The Act is un- 
doubtedly better than it promised to be when the 
Bill was first introduced to the House of Commons, 
but its principle is still far from being sound, and in 
many respects its provisions will be found harassing 
and vexatious, while in other respects the clauses 
will be found ineffective. However, the Act is now 
a part of the law of the land, and we must endeavour 
to make the best of it. 

The “ Courts of Survey” provided for in it are 
being duly organised round the coasts, the Lord 
Chancellor has issued his instructions for regulat- 
ing the procedure in them, the Local Marine Boards 
have elected their list of assessors, and in fact every- 
thing is getting ready for the fray, or rather series 
of frays in which the Board of Trade will figure on 
one side, and the outraged British shipowners, 
either singly or in combination, will appear on the 
other side. 

These “ Courts of Survey,” it will be remembered, 
were primarily constituted for the purpose of enab- 
ling shipowners to appeal against the decision of 
the Board of Trade surveyors in the event of a 
vessel being detained as unseaworthy on grounds 
which to the owner appear insufficient or erroneous. 








Courts are being established in nearly all the aa 
cipal ports of the country, and each court will have 
jurisdiction over a certain district so as to include 
the smaller places on the coast. To fix upon the 
place which shall become the | centre for a 
given district is not, it appears in all cases, so easy 
a matter as might at first be imagined. 
Hartlepool and Middlesbrough are striving for 
mapremett in thee particular district, and doubtless 
other rivalries equally keen have been excited in other 
neighbourhoods. 

The Court of Survey for a port or district is to 
consist of a judge sitting with two assessors, The 
judge will be either a ‘wreck commissioner” (a 
new appointment for exceptional cases) or a stipen- 
diary or metropolitan police ‘magistrate, a county 
court judge, or other fit person to be summoned for 
the case out of a list approved from time to time for 
the particular port or district by a secretary of 
state. The assessors to be persons of special skill 
and experience in nautical affairs, One is to be 
appointed by the Board of Trade ; he will, it is sup- 
posed, be usually a Board of Trade surveyor or 
other official. ‘The other assessor is to be summoned 
from a list of persons periodically nominated for the 
oy wae by the Local Marine Board of the port, or 
if there is no Local Marine Board, by a body of 
local shipowners or merchants approved for the pur- 
pose by a secretary of state. 

The Act provides that all cases shall be heard in 
Open court ; that the judge and assessors may survey 

e ship ; that the judge may appoint any competent 
person or persons to survey the ship and report 
thereon to the court; and that he may order the 
ship to be released, but he cannot order the ship to 
be finally detained, unless one of the assessors con- 
curs in an order for her detention. Beyond these 
ee the Lord Chancellor is empowered to 

rame rules, and from time to time to alter them, 
i regulating the’procedure before the ‘‘ Courts of 
jurvey. 

The first set of these rules has just been promul- 
gated, and may be suimmafised as follows : 

A notice is to be put'up in every custom house 
and every mercantile | office in the United 
Kingdom containing thé name of the registrar of 
the Court of Survey for thé’district and the place 
of his office. When antowner@r master desires to 
appeal to the court he will have tovfile a notice at 
the office of the registrar. The Jatter has then im- 
mediately to ascertain fromthe Board of Trade 
whether it is intended tbe appeal shall’ be heard by 
a ‘wreck commissioner,” and if soon what day. 
If not, he has to ascertain which of the other judges 
of the court will hear the case, and when. On 
learning this the registrar has to choose an assessor 
from the assessors to the court, and the Board of 
Trade has forthwith to appoint its assessor and 
send his name and address, The registrar then 
summons the court. The court is, if practicable, 
to hear the case {not later than fourteen days from 
the filing of the notice of appeal. Fourteen days, 
by the way, is an enormous time for a ship to be 
detained in port when she is fully laden and ready 
for sea, and where the point in dispute is, perhaps, 
asit often might be, only a few inches of immersion, 
the loss to one side or the other will be entirely dis- 
proportioned to the gravity of the original point of 
contention, ‘l'he usual powers of issuing subpoenas 
and enforcing the production of documents will be 
vested in the courts. 

The case will open by the Board of Trade pro- 
ducing their witnesses, and stating in writing what 
order they require the court to make, If there is 
an informer in the case, and he appears, it will be 
his turn next to produce evidence and to state in 
writing what order he requires the court to make. 
Next come the witnesses on behalf of the ship. It 
is scarcely fair that after this the Board of Trade 
and the informer should be allowed to call further 
witnesses in reply, but such is the arrangement, 
And it seems a still harder case for the owner that 
he, or his representative, has to address the court 
first in reply, and that after him comes the informer, 
and then the Board of Trade. The decision.of the 
court may be either delivered by the judge viva voce, 
or in writing, in which latter case it may be sent or 
delivered to the respective parties. 

The costs or costs and damages of the suit may 
be either assessed by the court, or if the parties 
agree in writing they may be referred toa wreck 
commissioner. 

It ‘will not fail to be seen that much will depend 
in these’ proceedings upon the influence exerci 


xercised | candles per thousand will be 


of the assessors appointed by the Local Marine 
Boards in the different districts, recently publish 
bes be Segre to show bd the importance 
int is fully recognised by the ig com- 
snuniey. In some districts the peléctieg hea been 
extremely judicious, and in most of them there are 


Already | evidences of careful judgment. Weare yet without 


itive information as to whether the Board of 
e will confine the list of their assessors to their 
own immediate staff. It would perhaps be unwise 
to do so, because it would have the ap ce of 
putting one Government surveyor to sit in judg- 
ment on another, or one detaining officer to judi- 
cate on the conduct of another officer of exactly the 
same status and position, and with the certainty 
that sooner or later the tables will be turned, and 
the defendant and judge in the one trial will have 
changed places in court in the next. There is un- 
questionably a difficulty in the matter, and we shall 
look forward with interest to the solution of it. 

The Act of 1876 also empowers the Lord Chan- 
cellor to issue rules from time to time, and alter them 
when necessary, for the regulation of inquiries into 
shipping casualties. These rules, or perhaps we 
should rather say the first instalment of them, have 
been published. They remove one manifest defect 
which has hitherto prevailed.in Board of Trade in- 
quiries into shipping casualties. Hitherto the owners 
of the ship in question and the underwriters, who 
are of course deeply interested in the case, have had 
no /ocus standi in court during the inquiry. The 
only persons having /ocus standi were the master of 
the ship and the mate. The consequence was that 
the owner could protect his own interests only in- 
directly by obtaining control over the pleas set wu 
by the master or mate, and the underwriters sould 
only operate still more indirectly by supplying 
evidence to the Board of Trade. Now by the new 
rules termed ‘‘ The Shipping Casualties Rules, 
1876,” any pores having an interest in the investi- 
gation will have a right to appear and become a party 
to the proceedings ‘‘ on filing an affidavit showing 
the nature of his interest” in the case, It is also 
provided that any other person may, by permission 
of the judge, become a gh to the case also, 

The procedure is also altered by the new rules 
in the following respects. It used to be the custom 
at a Board of Trade inquiry for the counsel or 
solicitor for the Board to open the case by making 
a brief statement of the facts of the case he was 
about to prove by evidence, and the issues he pro- 
osed to have tried, and then to call his witnesses, 
tis now directed that ‘‘ the proceedings shall com- 
mence with the examination of the master, officers, 
and any other person who was on board at the 
happening of the casualty, and who can give ma- 
terial evidence in regard thereto,” After this the 
Board of Trade will be required to state in writing 
whether they have any, and if so, what charge to 
make against any person, and against whom The 
defendant, whoever he may be, after {this will have 
to appear, and then the Board of Trade will have to 
call any further witnesses they may wish to examine, 
The defendent will then produce his witnesses, and 
afterwards the judge may allow any further 
witnesses to be examined before him. hen the 
evidence is completed the defendant and any jes 
to the suit who may have a peered will be heard, 
and after them the Board of rade by their counsel 
will reply on the whole case. 

Only actual experience.in the courts can decide 
how these new rules will work. The wreck com- 
missioner or judge who tries the case will be sup- 
ported by assessors as at present. ‘‘ The judge may, 
if he thinks fit, order the costs and expenses of the 
emir or = part thereof, to be paid by the 

oard of Trade, or by the parties to the proceedings, 
or by any one or more of them.” 

However these new rules may work it is certain 
they cannot be much worse than the system that 
preceded them, which has unfortunately thrown 
much discredit upon official inquiries into shipping 
casualties, 


THE METROPOLITAN GAS SUPPLY. 
Ir is rarely that any legislative Act can command 
in its operation the praise or goodwill of all parties 
interested. But this may certainly be allowed in 
favour of the gas legislation of the last session, which 
promises to benefit pecuniarily both the shareholders 
and consumers in the metropoli 
The Chartered Gas Com has notified that on 
and after January lst, 1877, price of gas of 16 
reduced from 3s. 9d. to 








by the assessors. A glance over the lists of names 





3s. 6d, By the amalgamation of this company with 
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the Imperial the reduction will benefit nearly three- 
fourths of the oo and hence the first-fruits 
of the measures of last session must be accepted 

\ with satisfaction on the part of the consumer, It 
must be borne in mind, also, that the customers of 
the Imperial have thus benefited both in quality 
and quantity, for the standard of 14 candles has 
been raised to 16, attended at the same time with 
a reduction of price, 

Meanwhile, king the Gaslight Company for 
this concession it must not be forgotten that its own 
interests have been well considered, Some four 
years ago the high prices of coal, iron, ae — the 
com to get a heavy increase on the price of gas, 
amen to ta the vebéonen of the Bo of Trade. 
Public opinion, however, demanded a revision, and 
eventually, after much fighting, the “sliding scale” 
was imposed. By this scale an initial price of 
3s. 9d. per 1000 was made a condition of consent 
to new Acts promoted by the gas companies. If 
the price of their gas rose above 3s. 9d. then the 
statutory dividend of 10 per cent. would be dimi- 
nished. But for every penny that was taken off 
per 1000 ft. at that price, the company were per- 
mitted to add 5s. per cent. to the statutory divi- 
dend, It will thus be seen that the directors of the 
Chartered Company will be enabled to declare a 
dividend at the rate of 10} per cent. for the half- 

ear ending June, 1877, in place of the 10 per cent, 

itherto so greatly desired by them. 

Two courses are open to the directors of this 
company, provided a. get a surplus of net revenue 
beyond expenditure. ey can pass such surplus 
to the reserve fund, as a kind of tee for the 
permanence of an annual 10 per cent. dividend on 
the share capital ; or they may divide such surplus 
half-yearly among the shareholders, provided they 
reduce the price to the consumer. In the present 
case, the directors of the Chartered Company have 
chosen the latter alternative. There are several 
reasons that sanction the course. In the first place 
the prices of coal and iron—and the prospects of both 
markets are such as to pretty well insure low, or 
comparatively moderate prices for the next year. 
The deplorable condition of ey mining district 
in the country, and even also in foreign countries, 
leaves ample margin for making excellent contracts 
by cash-paying companies. 

In the next place the present low rate of interest 
for money would leave little profit if the directors 
had held the surplus in hand, for large amounts of 
money cannot be invested at the present time with 
profit. It is stated that the saving which will 
result by the reduction of 3d. thousand feet to 
the metropolitan consumers will benefit them to the 
extent of 100,000/. annum. This sum retained 
and engaged in retall trade will afford large profits 
to the smaller class of tradesmen, while in the hands 
of the gas company or their bankers the profit would 
be comparatively trifling. 

It appears therefore that the metropolitan gas 
question has so far been amicably, wisely, and even 
profitably settled. The sliding scale seems to afford 
a check on the companies and a guarantee to the 
consumer, and its generalacceptation by all interested 
parties leads to the conclusion that it is one of those 
rare instances of legislation that has pleased all 
parties and offended none. 





THE EAST RIVER IMPROVEMENT 
WORKS. 

WE have on many previous occasions referred to 
the navigation em works which, during a 
number of years, have been in progress on the East 
River, and which were brought to a successful con- 
clusion on Sunday, the 24th September last. The ob- 
jectof these works was the removal of the mass of rocks 
that impeded the navigation from the Atlantic to 
New York by way of Long Island Sound, and were 
situated in the immediate vicinity of Hallett’s Point, 
a promontory of Long Island. These obstructions, 
consist of a number of sunken refs and rocks 
well known as Hell Gate, from the rush of water, 
which characterised the pass, and which, taken in 
connexion with the dangerous currents and surface 
agitation, have been a lively source of danger to navi- 
gation ever since ships came up the river. 

It is many years since the first efforts were made 
to improve the existing state of things. In 1848 
two officers of the United States’ navy examined 
the site, and reported upon the necessary works to 
be undertaken, This report, which contains much 
valuable information as to currents, set of tides, 
&c,, recommended the removal of two isolated rocks 





and one reef as well as the removal of some obstruc- 
tion in the middle channel, to ate depth of water suffi- 
cient for the greater class of vessels coming up the 
river, One of the officers above alluded to also 
made a ial recommendation that the reef at 
Hallett’s Point which has now been removed, should 
be blasted. But these suggestions were not carried 
out, appropriations not having been made for the 
purpose, while at the same time the facilities for 
carrying on submarine blasting works were not so 
great as they are now. In 1852, however, an ap- 
propriation of 20,000 dols. was made, and work 
was commenced under the charge of Major Fraser, 
of the United States Corps of Engineers, upon one 
of the obstructions known as Pot k. By means 
of sinking blasting charges on to the top of the 
rock, and firing them by batteries on the surface, 
the depth of water at this point was increased from 
18.3 ft. to 20.6 ft. ; the a attending this opera- 
tion having been 18,000 dols. 

The work stopped here for about 15 years, when 
some action was again taken in the matter, and 
General Newton of the United States Engineers re- 








vigour, the shaft was sunk to its full depth, the ten 
main radiating galleries were driven for lengths vary- 
ing from 51 ft. to 126 ft., and two of the cross 
quiates were commenced. During 1870 no less 
than 8306 cubic yards of rock were removed, the 
drilling having all been done by hand, 

In 1871 machine drilling supplemented the slower 
and more costly handwork : 1653 ft. of main tunnel, 
and 654 ft. of connecting galleries were made, and 
8293 cubic yards of rock were takenout. The same 
year a careful survey of the reef was made to ascertain 
the exact contour of the rock, in order to regulate the 
operations beneath ; more than 16,000 observations 
were recorded in connexion with this part of the 
work, Meanwhile,General Newton’s progress was 
hampered by the insufficiency of the appropriations, 
those for 1871 and 1872 amounting to 525,000 dols., 
or half the amount required by him. In November, 
1873, another stoppage for want of funds occurred, 
but not till the excavations had been almost com- 

leted, 6780 ft. of tunnels and galleries having been 
mo | The accompanying plan shows the general 
arrangement of the work. ‘The form of the reef on 
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ported on the obstructions in January, 1867. Upon 
this report appropriations were made and operations 
were commenced at Hell Gate. A vessel specially 
oy for drilling was built, having a well formed 
within it 32ft. in diameter, giving room for 21 
drills to be worked, when the vessel was towed 
over the rock in which it was desired to form the 
holes. This machine was set to work in 1869, and 
considerable improvements were effected by it on 
two of the most formidable reefs, In Diamond Reef 
a large number of holes were put in to depths 
varying from 7 ft. to 13 ft., and 44 in. in diameter at 
the top and 3}in. at the bottom. The blasts were 
made with nitro-glycerine, charges of from 30 lb. to 
35 lb. being employed. In 1871 Corientes Reef was 
attacked, and during oe 93 holes were drilled 
and 17 surface blasts e, nitro-glycerine being 
the explosive used throughout. The following year 
attention was turned to Frying Pan Rock, one of 
the rocks recommended for removal in 1848, and 
here 17 holes were drilled and 11 surface blasts 
made. In 1873 there were 307 holes drilled and 39 
surface blasts made. Altogether 17,1271b. of 
nitro-glycerine were used, and the reef was quite 
destroyed. 

In August, 1869, the first works were commenced 
for attacking the main body of obstructions at 
Hallett’s Point, and a’ cofferdam was formed upon 
the reef, where the rocks were bare at low water. 
It was built of heavy timbers bolted down to the 
rock, and was illustrated by us on page 243 of our 
twentieth volume. The cofferdam was completed and 

umped out the following October, and a 33 ft. 
low low water was sunk. This of the work 
was continued to June, 1870, when it was suspended 
for want of funds, At that time 484 yards of rock 
had been removed at a cost of 5.75 dols. a yard. 
In July, however, operations were resumed with 








the 25 ft. water line is indicated in dotted lines, and 
it will be seen that the main tunnels ] to 10 radiate 
from the sides of the shaft inclosed by the coffer- 
dams to the 25 ft. water line. Between these main 
tunnels thirteen intermediate ones of greater or less 
extent were driven, and the whole series were con- 
nected by means of concentric galleries, approxi- 
mating to the contour of the reef, which was, it 
will be seen, completely honeycombed, a roof being 
left of a thickness ranging from 6 ft. to 16 ft., and 
mas py on 172 columns. A beautifully executed 
model of the work is shown at the Centennial Ex- 
hibition, in which the roof is raised from the sup- 
gy pillars, so that the whole may be examined. 

ig. 31s a sketch showing the outer works, which 
consist of the cofferdam, engine-house, and temporary 
railroad laid down tocarry off the excavated material, 
and Figs, 2 and 4 are transverse and longitudinal sec- 
tions through one of the main tunnels, and a portion of 
the shaft showing the entrance to four of the other 
tunnels, and the mouths of some of the concentric gal- 
leries. In ——— for the immense blast which 
was instantaneously to break up the shell of rock left, 
and open the passage to navigation, over 4000 holes 
were drilled in the columns and roof to receive the 
charges, which were all connected together and 
brought to the discharging battery on shore. The 
holes were from 2in. to 3in. in diameter, about 
10 ft, apart, and the ave depth was 9 ft.; the 
paapements however, varied with the nature of the 
rock, and other circumstances. It should be men- 
tioned that some difficulty was caused in drilling 
these holes by the increased amount of leakage 
produced by tapping seams ; the maximum quantity 
of water pumped, however, did not exceed 500 gallons 
per minute. : 

The following is a summary of the leading parti- 
culars of matériel used for the explosion. 
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Ib. 
Dynamite in tin cartridges ee 24,812 
” paper 5 «» 1,164 
a primers see ow 2, . 
Total weight of dynamite  ... +28, 901 
“* Rendrock’’ in cartridges eee ove 9,061} 
“* Vulcan” powder in cartridges ae 14,244 
Total charge... 0. a 52,2064 
Total number of cartridges ... ‘tii 13,596 
+ »» brass primers... ese 3,680 
- »» holes with primers 3,645 
Number of iron pipes with primers 85 
Number of holes not charged ... 782 
Total number of holes and pipes ... i. 
Length of connecting wire 100,000 
os leading a ae seo 120,000 
Number of cells in firing battery 960 


There were employed twelve firing batteries of 
40 cells each, four of 43 cells, and seven of 44 cells, 
The distance of the firing point from the shaft was 
650 yards. ; 

The holes having been all charged, and the con- 
nexion with the batteries made on September the 
1]th, the workings were flooded by means of a 12 in, 
siphon early on the morning of the 24th, the day 
selected for the explosion, on account of the high 
tide. Naturally it was a day of great excitement in 





to 300ft., and 20ft. beyond 300ft. from shore, 
About 30,000 cubic yards of rock will have now to 
be dredged in order to complete the works. Up to 
the present time 1,940,000 dols. have been appro- 
poe to the undertaking; 1,687,000 dols. have 

en spent, and the estimate for completing the 
entire work of improving Hell Gate and the East 
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New York, not unmixed with much pew 
that so unparalleled an explosion should work de- 
struction in the city, which many people quitted 
under the influence of this fear. It had been in- 
tended to work in the explosion as a feature of the 
Centennial Fourth of July, but the work was not at 
that time complete. But despite the alarm that was 
80 general, some 150,000 people had collected on 
all sides to witness the result, and the river was 
crowded with vessels outside the cordon of 

boats. At 2.20 p.m. a gun gave the signal for the 
event, and the blast was fired almost at the same 
moment, The immediate result showed that the 
fears of the public were entirely groundless, but the 
visible effects were disappointing in the extreme. 
With scarcely any perceptible tremor, and with a 
comparatively insignificant lifting of the water the 
50,000 lb. of dynamite exploded, and the work which 
had beenso many years in progress was thuscompleted 
in& moment. Satisfactorily completed too, so far as 
present examination goes, there being now a depth 
of 12 ft. at 180 ft. from the shore, 16 ft. from 180 ft. 
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River is 5,139,120 dols., so that much remains yet 
to be done. 

In conclusion we may add that we are indebted 
to our contemporary the Scientific American for many 
of the foregoing facts, and it is from engravings in 
that journal that our illustrations were prepared, 





THE EXHIBITION OF SCIENTIFIC 
APPARATUS. 
METEOLOGICAL SEcTION.—No, ITI. 

METEOROLOGISTS have been rather unsettled for 
some years on the question of the best form of 
thermometer screen. When the inquiry was set 
about, it was found that screens of various sizes 
and constructions were in use, though that known 
as Glaisher’s was the pattern most employed. Mr. 
Symons has undertaken to report on the final 
results of some extensive experiments conducted 
with a large variety of screens, but he is certainly a 
long time in bringing the matter to maturity. Mean- 
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while it seems to be taken for granted that Steven- 
son’s bag serge sim  cgtinsrv wees ep is the 
pattern best adap ‘or meteorological purposes, © 
Accordingly several specimens of this screen are ex- 
hibited. Giashier’s, ames’s, Lawson’s, and a host 
of others are not represented, The Meteorological 
Office shows the screen used on board of ship, 
also a wall screen for registering thermometers for 
use where space does not admit of a screen on 0 
ground. As a rule such screens are constru of 
wood; on the Continent, however, metal is pre- 
ferred, The Russian screen is a novelty; consist- 
ing of two concentric zinc cylinders with longitu- 
dinal apertures, mounted on a vertical iron axis so 
that the outer one can revolve and open or close the 
apertures of the inner one in which the thermo- 
meters are mounted, affording an interspace for the 
circulation of the air. The Norwegian screens are 
made of sheetiron, to be mounted outside windows 
or against walls. They seem decidedly too small 
and unfit for their purpose, 

ay age for taking the temperature of soils, 
earth, &c., are shown by Ebermeyer, Lamont, and 
the Meteorological Office. The plan formerly 
adopted was to bury the bulb of a long thermo- 
meter and read the indications above the soil, a 
metallic tube protecting the instrument, The most 
recent plan is to bury tubes and to lower thermo- 
meters into them. Ebermeyer’s tubes are made of 
wood, the English ones of brass, and they are cer- 
tainly better adapted to keep out water. The 
thermometers—mounted singly or successively on 
a lath, so that they can be quickly taken out, read, 
and replaced—are inserted into a tube at depths 
varying from one to five feet below the surface. 

Deep-sea thermometers are exhibited by the Ad- 
miralty and the Meteorological Office. ‘Till 1856, 
the ordinary thermometer, on Six’s principle, was 
employed, except in the United States coast survey, 
where Saxton’s metallic-coil thermometer was much 
used, This latter instrument is exhibited, but its 
construction is not visible. Such Six’s thermometers, 
although made of very thick glass, led Sir J. C. Ross, 
and with him all scientific men, astray ; for no 
account was taken of the effect of pressure on them, 
Thus it came to be believed that the temperature of 
the deep sea was everywhere 39 deg., the maximum 
density of fresh water. Oneof these thermometers 
is exhibited by the Meteorological Office, with a 
statement that a similar instrument rose 9.5 deg. 
under a pressure of two tons to the square inch. 
This shows that about 9 deg. must be deducted from 
Ross’s deepest temperatures, and changes his 39 deg. 
to something nearer 30 deg. This effect of pressure 
is the more surprising considering the extraordinary 
thickness of the glass; the wonder is that it with- 
stood so great a pressure. At the instance of Ad- 
miral Fitzroy, Messrs. Negretti and Zambra pro- 
tected Six’s thermometer against pressure by 
surrounding the thermometer bulb with a glass 
jacket, hermeticaily sealed to the tube, the inter- 
space partly filled with mercury. This invention 
was made in 1856, and with these instruments deep- 
sea temperatures below 35 deg. were found in 1857. 
Thus in ‘* Notes on Meteorology,” Admiral Fitzroy 
wrote, in 1859, ‘‘ reliable observations in the lower 
ocean during the last few years have shown tempe- 
ratures considerably lower than 35 deg.” ‘ ‘Lhe 
temperatures of the depths of the ocean have been 
ascertained by thermometers peculiarly constructed, 
self-registering, and showing maximum as well as 
minimum temperatures, or minimum only, which is 
seem sufficient, and admits of the instrument 

eing narrower, a considerable advantage in sound- 
ing. Such instruments must be strong enough to 
resist the pressure of the ocean at two or three 
miles depth, where there may be a force exerted to 
compress them, exceeding three or four hundred 
atmospheres (of 15 lb. to the square inch).” Speci- 
mens of this improved thermometer are shown, 
The effect of pressure of 24 tons on the square inch 
is to raise its indication 1.5 deg. Its only drawback 
was it clumsy size. The smaller and more service- 
able instrument made at the instance of Dr. Miller, 
in 1869, is similar in construction, but the jacket 
contains spirit instead of mercury, which makes 
the instrument lighter but more sluggish. The 
maker, Mr. Casella, provides a pressure test, in a 
hydraulic press contrived for the purpose, up to 
nearly 4 tons on the square inch, if required, Six’s 
thermometer, so protected and tested, at length 
yielded fairly accurate knowledge of the tempe- 
rature of the deep sea. Casella’s instrument, lent 
by the Meteorological Office, has been verified for 





graduations, and the corrections exhibited, and the 
correction for 24 tons pressure upon the square inch 
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is certified to be 0.9 deg. only. If such corrections 
have been applied to the serial temperature sound- 
ings made of late the results must be deemed 
as accurate as they can possibly be expected to be. In 
the Times of May 25th, it is stated that the deepest 
and most successful sounding which has ever been 
taken was made from H.M.S. Challenger between 
the Admiralty Islands and Japan, when the extra- 
ordinary depth of 4475 fathoms was reached, The 
thermometers which were tested to withstand a 
sos sy of four tons on the square inch, were all 

roken with the exception of one, which was found 
to have recorded a temperature of 32 deg. Fahr. 
The pressure at the above depth was 5} tons. 

Negretti and Zambra exhibit their reversing 
thermometer, invented in 1873 for deep-sea tempera- 
tures, and for general recording purposes, It has 
mercury only for its thermometric fluid, being with- 
out the indices, springs, and spirit required in Six’s, 
and can be carried in any position, whereas the latter 
must be kept upright, It is irtended to record the 
exact temperature at the depth from which) it is 
hauled up, the rising motion causing a fan-screw 
mechanism to invert the thermometer, or to record 
at any instant to which it may be adjusted to clock- 
work to be turnedover. We are without informa- 
tion as to the practical results obtained with this 
really ingenious instrument. As a deep-sea thermo- 
meter its cylindrical bulb has a jacket to protect it 
from pressure, and altogether it is a triumph in glass- 
blowing and inventive genius. 

The Commission for Examination of the German 
Seas exhibit their water-raising bottle, sunk thermo- 
meter, and hydrometers with gear complete. 

Several specimens of My eve eng for the use of 
travellersin determining heights by the observation 
of the boiling point of water are exhibited. The 
most noteworthy is the apparatus as improved b 
Dr, G. Henderson, whohas had much experience with 
this instrument in Central Asia. He prefers a 
maximum thermometer and a tubular boiler in which 
the small anny of water necessary can be boiled 
in a few minutes by the aid of a candle, thus dis- 
pensing with spirit, which is troublesome to carry, 
and cannot sometimes be procured. 

The apparatus devised by Ronalds for recording 
atmospherie electricity, and formerly in use at the 
Kew Observatory, is exhibited. ere are also 
numerous electroscopes and _ electrometers for 
meteorological purposes exhibited in the section for 
electricity. ‘Those devised by Sir W. Thomson are 
especially interesting, showing a series of modifica- 
tions leading up to the apparatus now most approved 
for observatories. Hitherto, however, the results 
from this department of meteorology have not been 
either satisfactory or very encouraging. Those in- 
terested in lightning conductors will find a great 
variety of methods of constructing them illustrated 
in the section for electricity, and an instrument for 
testing them which we failed to find out, though we 
mention it here on account of the importance of such 
a test, Ip this section also, Professor Lemstrén 
exhibits an apparatus for imitating the aurora, for 
which he claims that ‘the light phenomenon pro- 
duced by it proves clearly that a current of electri- 
city may go through a layer of air of ordinary 

ressure (760 millimetres) without producing the 
ight phenomenon, but if it meets in its a ® space 
of rarefied air of low pressure (30 or 40 millimetres 
there arises immediately a light phenomenon cause 
by the fact that the current makes the molecules of 
ges glow.” He further propounds the following 
theory : ‘‘ The atmospheric air possesses a 
very small conducting power for electricity when 
dry and of ordinary pressure, but the conduct- 
ing power increases considerably as soon as the 
air becomes moist and rarefied. It has been 
roved by experiments that the conducting power 
is highest at a pressure between 5 and 10 millimetres, 
and goes then 10,000 times beyond the conducting 
power at a pressure of 760 millimetres, If the 
rarefaction of the air is carried further than 5 milli- 
metres, the conducting power diminishes again, but 
very slowly.” ‘‘At a certain elevation the earth 
is surrounded by a layer of air that hasa pressure of 
only 5 millimetres ; the conducting power for 
electricity in this layer is sufficiently great to allow 
of its being regarded as a conductor in comparison 
to the air im lower regions, and even in the highest” 
vide Catalogue, 1st edition, p, 233). The contra- 
ietory doctrines relating to the phenomena of 
electricity in vacua, or jal vacua, call for a 
thorough investigation of this subject by physicists, 
Apparatus for o ing ozone is not very con- 
spicuously <— in the meteorological section ; 
in the chemical section, however, there are appa- 





ratus for its production, also Smyth’s aspirator for 
testing the amount of ozone in a measured volume 
of air. 

Professor Luvini, of Turin, has sent his diethero- 
scope, an invention before unknown in this country. 
It comprises a combination of lenses with a small 
telescope attached; and gives two images of the 
object viewed, one right the other inverted, and the 
movement of the object is shown by two opposed 
movements of its images. Itis intended to measure 
the variations of atmospheric refraction, and the in- 
ventor asserts it to be a meteorological instrument 
of the highest importance. Those who examine 
attentively the e of light through the atmo- 
sphere by the aid of this instrument are to’be able 
to deduce from it valuable notions of the conditions 
of pressure, of temperature, of humidity, and of the 
movements of the air; accordingly, meteorologists 
will doubtless not omit to make acquaintance with 
it, and to peruse the three memoirs already pub- 
lished by the professor relating to it. 

These notices of the meteorological instruments and 
apparatus tobe seen at the Loan Exhibition are neces. 
sarily incomplete and defective. We have observed, 
indeed, continual changes and additions to all parts 
of the Exhibition. The Catalogue hasalready become 
obsolete; and a new one will probably be ready 
by the time of closing. Still, notwithstanding all 
defects much may be learned at this gathering in a 
very short time, and we have endeavoured to direct 
attention to the most salient scientific features of 
the meteorological display. 








SPOTTISWOODE’S HIGH-SPEED 


BREAK. 

SpotriswoopE’s high-speed break, which forms 
the subject of the ane amr is an electrical in- 
strument possessing considerable interest, offerin 
as it does inefeahen facilities for the study of the 
various phenomena of vacuum tubes, The subject 
of stratified light was minutely investigated by 
Mr. Gassiot, who, in some of his researches, used 
a Leclanché battery of 3600 cells, while many 











of this rod passes between two other pillars situa 
about the middleof the plate. dente os 
neath this end is the pole of an electro-magnet. 
The distance between the two is small and is capable 
of very exact adjustment by means of an underlyin 
metallic bar, one end of which is fastened to the © 
base of the further pillar while the other is provided 
with a very fine-threaded screw. Just above the 
vibrating spring there is firmly attached to a trans- 
verse bar a platinum point, which is also in con- 
nexion with a binding screw and is susceptible of 
the most delicate adjustment. ‘This is effected by a 
long lever carrying a small brass compensating ball 
at each end ; and, lest the vibrations of these lever 
arms should react upon the platinum point, a stout 
wire inserted in a friction collar beneath the bind- 
ing screw and connected with the lever performs 
the office of a steadying arm. All these details will 
be readily understood by referring to the accompany. 
ing diagram. 

In one of the first of these instruments that were 
made, the bar when influenced by the electro- 
magnet gave from 700 to 2500 vibrations per 
second ; the amplitude of the vibrations did not ex- 
ceed yAzth of an inch. Breaks have since been 
constructed capable of giving 6000 vibrations per 
second, It is to this extreme rapidity and resulting 
smartness in the make and break as well as to the 
uniform vibration of the contact breaker that Mr, 
Spottiswoode mainly attributes the steadiness of 
the results. 

The nicety of the lever adjustment may be 
realised from the fact that the entire phenomenon of 
striation may be produced and destroyed by turning 
this lever through merely two or three degrees, 
which motion corresponds to an elevation or de- 
pression of the platinum point equal to zasth of 
an inch, An entire revolution of the lever produces 
a vertical displacement of Ath of an inch. A 
similar turn of a levelling screw suffices to regulate 
the strie, and even a slight pressure on the table 
supporting the break will considerably interfere 
with the re ity of the stratified discharge. 

The break is worked by connecting one of its 


























highly instructive experiments bearing on the same 
subject. have recently been made by Dr. De la 
Rue with a battery consisting of chloride of 
silver cells: varying: in number.from 2000 to 
10,000. It heads belnuions bs maatter of inquiry 
whether similar results. could be obtained without 
having recourse to such an elaborate expenditure. 
To this subject Mr, Spottiswoode has directed 
his attention, and the experiments hitherto made 
show that the striations may be produced in 
equally favourable conditions by the ordinary ap- 
pliance of the induction coil. To attain this, how- 
ever, one modification in the instrument is neces- 
sary. It is well known that the formation of the 
striw depends upon the play of the contact breaker ; 
the greater the amass of its vibrations, the more 
irregular and fluttering are the striated discharges. 
Even with the best contact breaker it is difficult to 
maintain for any length of time a rapid and uniform 
vibration. This difficulty is now surmounted, and 
by the introduction of the “ high-speed break” into 
the primary circuit the striations are readily pro- 
duced, together with other curious phenomena not 
previously noticed. 

The base of Mr. Spottiswoode’s instrument is a 
rectangular brass plate loaded with lead for the pur- 
pose of increased stability. At one end a bindingscrew 
is fixed, and at the opposite a short stout pillar of 
brass orated along its axis for the admission of 
a steel rod which is fastened by a bolt on the under 
surface of the base plate. The upper part of this pillar 
is perforated horizontally for the passage of another 
steel rod, which is functionally the vibrating sprin 
that makes and breaks the circuit, The free en 








binding screws with the pole of the battery and the 
other with the coil, completing the circuit by the 
binding screw and the.battery. ‘The instrument is 
constructed by Messrs. Tisley and Spiller, of 172, 
Brompton-road, and a model of it may be seen in the 
Loan Collection of Scientific Apparatus. 


THE COMPUTATION OF EARTHWORK. 
To THE EpITor oF ENGINEERING. 

Srr,—I notice in ENGINEERING, for August 18th, a 
letter from Mr. Walker on the computation of earthwork 
uantities, giving what is no doubt an ingenious me 
ding, by the means of Tables, the cubic yards in a chain 
‘ongth of a certain cross section ; such a method, although 
perhaps as correct as any, is not theoretically accurate, as 
it assumes that the ground is the same depth for each 66 ft. 
in length, which happens in rough country very seldom to 
be the case, and the amount arrived at is too small by a 
quantity which varies as the longitudinal and transverse 
inclination of the ground and the ratio (horizontal to 
vertical) of the slopes, The quantity could be more 
correctly obtained by means of the prismoidal formula and 
cross sections taken very closely together, but this is a very 
tedious operation, and no one would like to take out the 
ee of several miles of earthwork in this way. Mr. 
y’s method, also published in the same number, is 
far too theoretical, as he assumes that the ground is far 

more accommodating than is ever the case in practice. 
have frequently known the inclination of side-lying ground 
to vary a dozen times in a large cutting, and instead of 
falling one way, it frequently falls both ways from the 
centre line, in which case Mr. Bellamy’s method would be 
useless. All things considered, I think the easiest way is 
to take out the area of each cross section separately, and 
assume that area to extend on each side half way between 
that and the next sections ; in ground level longitudinally 
the result arrived at would be correct, but not quite so 

when it has an inclination. ’ 

Then comes the question what is the easiest way of 
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arriving at the contents of eachsection. Mr. Walker gives 
a lot of Tables containing columns of logarithms and 
quantities, which differ for different slopes, and with so 
many columns an error is likely to occur. Taking Fig. 3 in 
Mr. Walker’s letter, of course if is merely necessary to 
calculate the area of the triangle ABC, and to multiply 
that area in feet by 66 and divide by 27 to give the cubic 
yards, in one chain long, and to arrive at the same result 
as he obtains. Now the area of the triangle is the length 
of the ground line between the slopes multiplied by half the 
perpendicular from B, and I think this area could be ob- 
tained by computation quicker than * Mr, Walker could 


arrive at the value of his log. S by means of his Tables. 
Suppose then a set of Tables were ing the values 
of numbers from 100 to 4000 when multiplied by #, I think 
the result could be arrived at quicker than by Mr. Walker’s 


Tables, and with less chance of error. The Tables might 
take this form : 




















Areain | Quantityin One| Feet in . 
Feet. Chain. Area, | Quantity. 
800 733 
810 758 1 2 
320 782 2 5 
830 807 3 7 
340 831 4 10 
350 855 5 12 
860 880 6 15 
870 904 7 17 
380 929 8 4 
890 953 9 
400 977 

and so on, after 1000 rising 1000 ata time. The quantities 
of the parts between any two tens will always be the same. 


Suppose then the area worked out to366 ft. the quantity by 
the Tables would be 895 cubic yards. There will then 
the quantity, below formation level to deduct, which in any 

articular railway would be constant. The quantities in a 

able so constructed are independent of the ratios of the 
slopes, as they merely depend on the area of any particular 
figure. Where the ground is very rough, Tables should be 
discarded and sections taken at close distances to give any- 
thing like a correct result. 

I am still, however, of the opinion that the method of 
computing quantities from cross sections, devised by me 
some omy back and published in your paper in April, 1869, 
is still the quickest and most accurate method yet suggested, 
as by that method no calculation whatever is required, as 
the quantities of each chain are read off on a diagram. I 
have taken out the quantities of many miles of earthwork, 
by means of it, and it is rising with what rapidity the 
result can be read off with a‘little practice ; there is no more 
chance of error in using it than in ing any dimension 
off a scale. More accurate methods could be devised but 
involving tedious labour, and although the result arrived 
at by the diagram would give exactly the-same result as 
Mr. Walker’s Tables, yet it ignores, as do all your corre- 
pop the extra quantity due to the longitudinal in- 
clination of the ground. This quantity is shown in the 
figure below shaded black. The centre line being the 





g and supposed average 
owever, too small, as that 
e line is “ than that 

black. This quantity 
cannot be expressed by any constant, as the size of it de- 
nds on too many circumstances which are always varying. 
have frequently known it in practice to amount to over 

100 cubic yards per chain. The result, therefore, as given 
by the diagram and Mr. Walker’s Tables, is.on the wrong 
side for contractors, but I believe it is made up to them in 
the length of the chains, which as a rule are short where 
the ground is rough. " 

IT am, Sir, your obedient servant, 


J. Somzs Story. 
September 5, 1876. 


ound at chain 
It is, 
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throughout the chain. 





THE ORIGIN OF MOTION, 
To tHe EpiTor oF ENGINEERING. 

S1r,—It was quite refreshing to scientific human nature 
to read, in your yesterday’s issue, the temperate and forcible 
letter of your contributor on this subject in reply to the 
strongly-expressed but unconvincing erroneous letter 
of Mr. Sheward. The task of propounding and elaborati 
a new theory, while most noble, is also very laborious ; an 
it is far easier to pick faults in a stated theory, than to pro- 
pose oneof one’sown. For this reason Mr. Sheward should 
in his lang have shown more respect to your contributor 
than is evinced in saying “I almost feel myself like a man 
{tying to prove to your contributor that the sun is indeed 

e sun.” 

And now, Sir, if you will kindly allow me space, I will 
endeavour to let Mr. Sheward see both that the probabilities 
and primé facie ents preponderate on our side of 
the case, and also that his own main and boldly stated 
pe ing has no foundation. Your contributor is well 
alia So 40 She rest in carrying out his theory to its legiti- 


mate conclusions. 


law of nature, working without machinery, and requirin 


none simply because it isa law. His argument in suppo 
of this is, that matter yields ‘‘ instantaneous obedience’ to 
this law, and that therefore there is ‘‘no time’’ for inter- 
mediate machinery, such as a molecular medium, to work. 
Now, in regard to primé facie evidence, I have ———_ 
to say that, seeing that I am a reasoning being and wit 
—— of volition, which inert matter is not and has not, 
would rather arrogate to myself the grand poe of being 


able to: mee physical effects without physical means, 
t that grand power as an attribute to dead 
matter,’ Sir, I alistsithas power to be ascribed to none 
but the Creator of all things. In creation alone can such a 
power be ifested. Again, if Mr. Sheward says that he 
is not deifying matter in this respect, but is simply =e 
it yield obedience to a law which its Creator eg it, then 
say that we have never yet come across any law so given, 
ly adapted physical means of carry- 


but what has an ad 
ing Naas into effect. F 

© come now to Mr. Sheward’s argument that gravity 
acts “‘instantaneously,’”’ and that, therefore, there is ‘‘ no 
time” for a working medium to operate. t a mis- 
conception of the working of laws, gravity especially, Mr. 
Sheward must have, to account for his making such a state- 
ment, and thinking of it seriously as an argument! Does 
Mr. poo _ see bo the law of gravis a8 —— 
says, muously ac upon every eof matter in 
the by ye ; me that, therefore, the time never comes 
when ifequires to “‘ instantaneously act’’ upon anything? 
This, ¢ontinuous action of the law of gravity can go on, and 
can gone on, in the way stated by your contributor as 
a theory ; and all the wonderful astronomical computations 
based upon its action shall continue to be verified as hereto- 
fore. Mr. Sheward seems to look upon gravity as a subtle 
influenge leaping forth like a flash of lightning upon an 
object.at a certain time (when I cannot guess). In no other 
way can I explain his argument, or the term ‘“‘ instanta- 
neous” he nses' I would, therefore, ask him to throw 


be | overboard both his argument and its wording, and return 


with clearer comprehension to “listen to the music of your 
ge and able, but misguided contributor,” as he calls 


As @ concluding blow to Mr. Sheward’s side of the 
question, let me assert what is simply my conviction, that 
if the law of gravity ‘‘ acted ata distance’’ without physical 
means whatever, it would not and could not be influenced 
by the amount of such distance. Whereas by the supposi- 
tion of & conveying medium, such as the ether, it is quite 
possible to explain its differing intensity. 

Wishing for your contributor the reward his labours 
deserve, 

I am, Sir, yours sincerely, 


ALEX. HENDERSON. 
Walker, October 14, 1876. 








“THE UTILISATION OF BLAST-FURNACE 
SLAG.” 


. To — EprTor Lae ent peony age to 
TR,—L you have s permit me reply r. 
Britten, T-would say that though he disputes my figures, 
which I know to be facts, disparages my judgment, which 
is not to the purpose, and 


asks me to — prices that do 
not exist, there is little in his letter to elucidate the possi- 
bilities of the process. It is needless to defend 
known to every one conversant with the trade, but 
add more. The pricesof ‘‘ bottles’’ in ion are quoted 
as evidence of the wide margin for profit in their manufac- 
ture, but the average price at the works will not exceed 
13s. per gross. ‘ They have at long and fitful intervals ex- 
ceeded this, but with more frequence duration descended 
tolls. 6d. To my query anent the fining of raw sand in 
fluid » he replies that I ‘‘ought to know that made 
lass in it sufficient silica, and will not dissolve more. 
ut fluid slag is deficient in this, and is therefore so basic, 
that in the addition of sand the silica and slag stand in the 
mutual relation of fluxes,and will combine to form a com- 
pound more fusible than either substance alone.’’ Well, 
without disputing this ae and, and to my mind, doubt- 
ful proposition, I say the compound produced will not be 
lass such as will furnish wares, no matter of what order, 
fit for the market. And I adhere to my objection, resting 
on no mean experience, that it is contrary to the results of 


res 


ractice to expect a ect fining of any sand added after 
~ part of the batch has become fluid, whether it be called 
or ‘* made glass.” 


8 ; 

(3 the slag from the furnace be allowed to cool and treated, 
as I before stated, with the use of rich alkalies (not sul- 

hate of soda at 20s. per ton) to flux it, it will make glass. 
have done it twenty years ago. But when the slag is 
fluid, the conditions are ¢ , and I believe it will prove 
to be out of the limits of successful practice to effect a 
perfect combination between the raw and molten con- 
stituents. ’ 

It is part of the propounded plan of Mr. Britten to have a 
‘*hath’’ for the continuous pre, tion of the glass, into which 
the molten slag will be po as it is made, in which 
kept a surplus of silica for raising the slag into the categor 
of useful glass. The theory being that the hungry slag w’ 
feed on the silica till it becomes sleek glass, when by virtue 
of its specific gravity it will sink out of the region of crude 
materials into a refined sphere, where it can be drawn off as 
it is wanted, and thus the continuous making and melting 
of fine glass be settled in perpetuity. If such a dashing 
exploit can be realised, there is a b t future for refuse 
slag, but it is a theory dependent for success on reversing 
the laws that have hitherto governed the making of glass. 

The notion that glass ‘‘fines’’ at the top is a fallne it 
fines from the bottom ; and to draw off the fine m. 


render it utterly abortive. 





Mr. Sheward wants us to recognise gravity simply as a 





It is another and a glaring fallacy to suppose you can 


be | subjects attac 


lass 
the bottom by which the process is made positble, is to} 
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ha of a “ batch” fine and another 
oe my class let in for ‘‘ glazing.” ~— oe 
Fm fining is from the bottom upwards it is not so 

y bere pro ety grays orang oan 
crit pret fo wie mae at bon 
and jndgment sequired in ie aed A ngpsor4 
be taken sharp 


> € ” 

] , an error of no Mo ol it 
will be found, if worked out in this, condition, Hak gras 
of unfused sand, stones, {&c. h the whole rr 

of, glass is a 


i more careful 
treatment than appears in the continuous scheme of Mr. 


Britten. 
The particular glass I pointed out as not lying within 
the confines of ““s > powsibiliti is cont 


temptuo dis- 

carded us of the. lowest character ; pray what is co or 

It does not yet within the lines of utility,.w 

it may do, and if it fails to make the lowest quality of 

glass, by what necromancy is it to attain the higher? v0» 
I mentioned ‘“‘bottles’’ as indicating a glass nearest in 


character, as shown by ey eX a fi pa the — 
ic a le 


prise, most accessible, 5 
already peculiar to the di ict where slag is most abun- 
The question whether can be used ata much cheaper 
rate than the materials “ins cs is at present a seconda’ 
consideration, as, I believe, it is yet to be demonstra’ 
that a useful glass can be made from slag. I have seen it 
tried, and the product had all the teristics that were 
wanted, save the essential one of ‘‘ utility.’ 

, CrYcLops. 





THAMES TIDES. 
To THE EpIToR oF ENGINEERING. 

S1r,—In the communication I forwarded last week ‘you 
thrice use the word * ne for au egy 
ing me in correcting an vertence opportunity o 
directing attention to the relative high and Jow water levels 
of London, Sheerness, and Harwich, the mean spring ranges 
being relatively given as, 

20 ft. 8in. 16 ft. Oin. and 11 ft. 6in. 
Between the first two we have only a difference of 4 ft. 8 in. 
to deal with, whilst between the first and we have 
9 ft. 2in.; resulting in this, that at Harwich the low water 
would appear nearly as much higher as the high water is 
pees 8 than the same conditions of tide in the port of 

ndon. 

Although, however, 11 ft. 6 in. is the Admiral estimated 


mean spring range for ich, recent tidal o tions 
give » higher result, viz-, 12 ft. 40 in, 
Therefore 12 ft. 10 in.—8 ft. 3in.=4 ft. 7in., is the low 


Teistiy. Mow Sos goed magn tear wel a 
rinity. Now the ai Ww wal in 
London is 20 ft. below Trinity, so that really the Harwich 
low water is boc te higher than in London. 
&\Colonel Lloyd did not only “aim at’’ but really as I 
wrote ‘‘ attained” certain results, under-estimated as re- 
gards high water for reasons already explained. 
I am yours very truly, 
J.B, Rupman. 


Westminster, October 16, 1876. 


SEA-GOING ENGINEERS. 
To THE EpiTor or ENGINBERING. 

ja Sie seakan gas tak oa a Meee 
of our pai some time 
allude to was the Liwerpool Mercury for February 26th 
1876). This letter was about the formation of 
the promotion of social and scientific interest. amongst sea- 
going engineers. Knowing the extensive circulation your 
issues have amongst my fellow townsmen, I ask your ki 
permission to publish present letter on the subject. 

I think I can state with impunity that therefis no class of 
men holding such important responsibilities on board of our 
fine merchant steamers without some tie of socialism. There- 
fore, I say let us to work and see if we can’t improve our 
position both in the eyes of our friends and.enemies, for I 
see we have some of the latter, if I may judge by the 
tone of some letters which were published in the Nauti 
Magazine some time ago. 

I see in London me far ahead of us ; they have such 
a society as I should like to see in Liverpool, and I am sure. 
jon dk far .behind Liverpool in numbers and glass of 
8 8. 

The society I should like to see formed ‘would he 
one standing on a thorough sound basis, so as to be bene- 
ficial both to employer and employé. First, thi i 
ought to be supported and assisted by all our leading steam- 
ship owners and by a committee of superintend- 
ing engineers and consulting engineers, whom, we have 
amongst us, many of a very high standing in the engineering 
profession. I should njen, propose, to nane #manine socmaiie 
some co’ igl part of the ith library attached 
and all periodical scientific literature regularly supplied, also 
to have a meeting room for discussion on various sci 
to modern marine D , and to 
have fortnightly or monthly lectures, which I make no 
doubt many of our engineering, gentlemen of Liverpool 
would gladly contribute. su wl ; piles y Sih 

Secondly, I should have this said society to. be.self 
Lagicm g by annual and voluntary contributions and; to 

the Liverpool Mercantile Marine Engi i 
ciation. The only thing that remains to be for the 
iene of this society I so strongly eeuncet is - 
some of our superin! engineers to take 
hand and have a committee formed, Iam sure num 


would be readily found to support.and adyocate this much- 
needed society. f xe 


datum, or 17 ft. 1 in. below 





ne 


Tam, Sir, yours 





| Liverpool, October, 17, 1876.0; a nt edoesarovow od4 ils 
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NUTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MiIppLEsBROoUGH, Wednesday. 


The Cleveland Iron eect GS one wl ey ay. Le 
good attendance on ’Change at Middlesbrough, 
asked : ton for No. 3, but buyer aed net of 

47s. ‘or No. 3, ers Wi not give 
more than Es. 6d. are sanguine that prices will 
not only be maintained but will be advanced in a short 
time. Of course the reduction in the total produce of 
Cleveland pig iron is in favour of the makers who are able 
to keep their blast furnaces in operation. 

The Finished Iron Trade.—In the finished iron trade it 
is to be tted that there is no improvement. There 
are works standing idle, and there is no prospect of 
their being put in operation for some time. 

The Britannia Iron Works Company (Limited).—The 
affairs of this company, whose id works are situated 
at Middlesbrough, have been thrown into Chancery. 


The Affairs of Messsrs. Charlton and Company.— 
Another meeting of the creditors of Messrs. Charlton and 
Co., ironmasters and coalowners, Mi h, has been 
held, and it has been agreed to accept 7s. 6d. in the pound 
payable over three years. 

The Iron and 3s Trades oe inn ct ation 2 ~_— 
way Company.—Last week a tation o: i m 
Sean on with the North of England iron and coal 
trades waited by appointment on the directors of the North- 
Eastern Railway at York, to bring before their notice the 
question of the rates on mineral traffic. The arguments 
used were to induce the company to return to the 
rates of 1871, pointing out the low rates of iron and coal, 
and the unremunerative character of those trades, as shown 
by recent failures and other causes. The deputation were 
informed that their representations would be carefully con- 
sidered at the next meeting of the Board, and the result 
would be communicated to them. 

The Coal and Coke Trades.—There is really no change 
in the condition of the coal and coke trades. All kinds of 
fuel is plentiful. 








A Fast Srzam Yacut.—Considerable interest has lately 
been excited at Geneva by the trial of a new steam yacht, 
built by Messrs. John I. Thornycroft and Co., Church 
Wharf, Chiswick, for the Baroness Adolphe de Rothschild. 
This vessel, although only 91 ft. long by 13} ft. beam, just 
large enough to contain the accommodation for a days’ 
comfortable — on the lake, has attained and kept 
up a speed greater than that of any ocean steamer afloat, 
and only equalled oy , by some of the largest American 
river steamers. The Gitana is rigged as a fore and aft 
schooner, is built of steel, and is on similar lines to the Sir 
Arthur Cotton, built by Messrs. Thornycroft and Co. for 
the Indian Government, and which, without rigging or 
cabin accommodation of any kind, attained a ~~ | of 
24.61 miles per hour on the measured mile. The accom- 
modation on board the Gitana consists of a large saloon, 
pantry, and dressing room forward, and a galley cabin for 
the crew and store-room aft of the engines. The en- 
gines are compound direct-acting, fitted with an injection 
condenser, and with a view to reducing vibration as much 
as possible were made with three cylinders acting on cranks 
set 120 deg. apart. The high-pressure cylinder is 13} in. 
in diameter by 16in. stroke, and the two low-pressure cy- 
linders are each 15in. in diameter by 16in. stroke. The 
boiler is of the locomotive type, of mer steel, with a 
copper firebox and brass tubes. The speed guaranteed was 
18 English statute miles per hour in a run of two hours’ 
duration—i.e., 36 English statute miles in two hours, sub- 
ject, in the event of failure, to the yacht being thrown on 
the builders’ hands; and, as high speed was to be one of 
the principal attractions in the yacht, the Baroness Roths- 
child agreed to pay a premium on each mile above 36 run 
in the two hours. As there is no way by which the yacht 
could be taken to Geneva complete, the Rhine being too 
rocky and rapid, and the yacht being too large for con- 
veyance entire y rail, it was = | to build her at 
Chiswick, take her to pieces, and send her, packed in 
boxes, to Geneva by rail. She was then erected at La 
Bellotte, on the shores of the lake, by workmen sent from 
England. The trial was made on the 2lst of September, 
the Baroness Rothschild and Lady Emily Peel being on 
board, and having as scientific advisers Messrs. ul 
Carrié and Emile Sicard, French engineers. The Chis- 
wick firm was represented by Mr. John I. Thornycroft and 
Mr. List. The distance between Geneva and Villeneuve, 
43 English miles, was run in 1 hour 48 min, 22 sec., being at 
the rate of 23.89 me ee miles, or very nearl 

ing the first 20 miles a light head 
wind and some waves were encountered, which reduced the 





with the yacht and her performance. Vessels of the Gitana 
th ble of standing herons then & Sean 
em 8 a sea is met 
ith i of Geneva, woullGeen admirable despatch 


v and already some of the Northern Governments 
are inquiries with the view of having some built. 
or 
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CONSTRUCTED BY MESSRS. F. PEARN AND CO., ENGINEERS, MANCHESTER. 
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WE give above a perspective view of a very neat ar- 
rangement of pumping engine, adapted for feeding boilers 
and similar work, which is being constructed by Messrs. 
Frank Pearn and Co., of Manchester. The design, which 
has been patented by Messrs. Pearn, is, as far as the 
general arrangement is concerned, similar to that of the 
donkey pump by the same firm, which we illustrated on 
page 456 of our twentieth volume, the crankshaft being 
situated below the pump barrel and the pump plunger 
being connected to the cranks by double connecting rods 
which encircle the pump barrels as shown. In the pump- 
ing engine we now illustrate there are two steam cy- 
linders and two plunger pumps, these being supported 
by a central standard which forms the delivery air vessel. 
The valves are so that they can be very readily 
got at, and the whole design is very neat and substantial. 





Tue PaILADELPHIA ExHIBITION.—Among the ccm- 
pliments so plentifully exchanged among those gentlemen 
occupying official positions at exhibitions, we notice one 
paid to Dr. John Anderson—one of the British judges, and 
whose name figures in the list of officers connected with our 
commission—by the other judges of the same group, three 
of whom were Americans, and the other four French, 
Austrian, Belgian, and Swedish. These gentlemen passed 
a resolution, and presented it, handsomely illuminated, to 
Dr. Anderson, to whom ‘“‘ they tendered their sincere thanks 
to their honoured —— + ttt en, LL.D., +s . 
in acknowledgment i ability, courtesy, and im- 
partiality in guiding and irecting the group through its 
arduous and the members of the group do hereb 
express their best wishes for his continuous health an 
happiness.” We are glad to record the fact that any 
gn connected with the British Commission at Phila- 

phia has received so handsome (and deserved) an ex- 
iati We fear that this instance is the 





pression of a; 


only one we shall be able to mention with pleasure. 











Tue CHESHIRE SuRVEYORSHIP.—At the general ses- 
sions for the county held at Knutsford on Monday last 
(Lord Egerton in the chair) the following was the result of 
the voting. Mr. Stanhope Bull, 50; Mr. W. Gordon 
Cotton, 27; Mr. C. W. Whitaker, 10; Mr. A. W. Maberley, 
6; Mr. A. F. Blandy, 2; and Mr. James Morgan, 2. Mr. 
Stanhope Bull was, therefore, elected. 


Warmine Rartway CARRIAGES.—The leading railway 
companies of France have decided to extend the ordinary 
mode of warming railway carriages (by means of heaters 
filled with hot water) to the second and third class vehicles. 
This decision, which will be carried into operation during the 
ensuing winter, has been resolved upon after the carrying 
out of a number of experiments upon the Eastern Railway 
of France. The results of these experiments, her with a 
comparison of those carried on on German and other rail- 
wate have —_ made the subj - = exhaustive pest ey 

. Regray, the engineer-in-chi e rolling stock of the 
Eastern Railway, and of this report, which is illustrated 
by numerous plates, we shall have something more to say 
in an early number. 


ATLANTIC STEAMING.—The Britannic, of the White 
Star line, has just completed a remarkably fast ran out and 
home, which almost coincides with the performance of the 
Inman liner City of Berlin about the same time last year, 








as will be seen by the following : 
Queenstown to New York. 

18 12 

tember, 1875, City of Berlin... 7 1 
fis os ” Britannic ee 7°17 ‘37 

ew York to = . 

October, 1875, City of Berli a SS, 
»  _ 1876, Britannic o 7 16 2 


The outward voyage is thus 35 minutes in favour of the 
Britannic, and the homeward voyage 55 minutes in favour 
of the City of Berlin. 
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THE MUSCONETCONG TUNNEL.* 
By Henry S. Drinker, E. M. 


(Continued from page 195.) 

M. Lz Faves, the contractor, seemed, however, to consider 
the statement of Mr. Mowbray, that at Hoosac they were 
bringing out 8 and 10 lineal feet of rock at a shot, as—well, 
as an Americanism—and observed, “ Si vous pouvez entre- 
prendre le forage, le charg t, et l’allumage de trous 
de trois metres, et manipuler le eres sans 
accident, naturellement nous sommes a vos pieds. Mais nous 

nsons que nous devons instruire les Americains, au lieu 

*etre instruit de l'Ouest.” Now,if M. Le Favre still holds 
these opinions, he should, ere this, have been “aux pieds de 
l’Ouest,” for first at Hoosac, in hard granite, have holes of 
three metres been repeatedly and, asa rule, successfully taken 
out, and now, at Musconetcong, in harder syenite, the average 
advance per cut has been as above stated, 10 ft., and fre- 
quently, we can assure M. Le Favre, not only three but four 
metres have been attained at a blast. Mr. Mowbray, in 
arguing this method of blasting in preferen +e to the European 
plan, of course based it on the necessity of using pure nitro- 
glycerine for cuts, or possibly “ Mowbray’s tri-nitro- 
glycerine,” inasmuch as he states that M. Le Favre was at the 
time using both Krebs’ lithofracteur and Nobel’s dynamite, 
and with neither was able to blast out holes deeper than 
40 in. Mr. Mowbray appears to ignore the fact that it was 
rather the small width of M. Le Favre’s heading, than the 
use of dynamite that prevented deep shots, for inasmuch as 
Mr. Mowbray tells us that the Goeschenen heading was 
driven only 6 ft. 6 in. wide, he certainly must be aware that 
it would be somewhat difficult in a heading 63 ft. wide to put 
in two sets of holes 9 ft. apart, as are necessary for cuts; and 





that if even pure nitro-glycerine were used in a tight 63-ft. 
heading, it is very dubious whether it could be made to 
gy Pees than 3 ft. to4 ft. at a shot. A careful perusal of 
Mr. Mowbray’s opinions on high explosives would lead one 
to judge, not that he loved dynamite (mica-powder ?) less, 
but tri-nitro-glycerine more, and possibly that his love has 
a little clouded his discernment. To entirely set Mr. Mow- 
bray’s mind at ease on the subject of the strength of dynamite, 
we would refer him to the above record of what it has done 
at Musconetcong, inasmuch as it is claimed that at Musconet- 
cong the latest and best appliances have been put in force to 
expedite the work, and certainly the work done by dynamite 
has fully equalled, and rather excelled, the record of nitro- 
glycerine at Hoosac. 

It is worth noting what this new explosive, giant-powder 
or dynamite, is. As to its characteristics—first it is tremen- 
dously powerful, bringing out at a blast masses of rock that 
black powder could not even shake, and is simply invaluable 
for rapid driving in hard rock. How it compares economi- 
cally with pure nitro-glycerine we are not prepared to state. 
Containing a percentage of the latter, it is, of course, not so 
powerful bulk for bulk, but again it has the great advantage 
of distributing the force ever a greater space, which is 
the underlying principle of much of the deep hole a 
Again, so far as an explosive can be termed so, it is entirely 
safe from accident from the proverbial carelessness of work- 
men, undoubtedly safer by far than black powder, while 
many times stronger. Hardly anything short of a cap ex- 
ploded in a cartridge will fire it. Alone, it may be hammered, 
crushed, or burnt with impunity. Thrown into a stove or 
set on fire, it simply burns fiercely without danger of explo- 
sion. For exploding the cartridges, very strong caps of fulmi- 
nate of mercury are used; those adopted at Musconetcong, 
we believe, were originally imported from Hamburg. These 
caps are prepared as electric exploders as follows: First, a 
small quantity of sensitive powder is dropped on the fulminate, 
and into this two wires (lying side by side) are inserted, 
and the caps then filled with melted sulphur. On the spark 
pessing, the sensitive powder is ignited and explodes the 

ulminate, and the cap being inserted by the blaster into the 
cartridge of dynamite, the explosion of the cap fires the latter. 
If firing by fuse, it is simply necessary for the blaster to 
squeeze the end of a piece of fuse, properly ras and 
sharpened, into the cap, and to place the latter in the cart- 
ridge. A good electric battery is that manufactured by the 
Laflin and Rand Company, under, we believe, Julius Smith’s 
patent, the condenser and generating plate being of vulcanite, 
and the dpe of the battery so arranged as to render it com- 
pact and easily handled. 

Dynamite is simply nitro-glycerine mixed with a kind of 
silicious earth known variously as silicious marl, tripoli, and 
rotten stone. The peculiar variety of this material best suited 
for this use is homogeneous, has a low specific gravity, and is 
generally composed of the remains of infusoria. So great is 
the absorbent capacity of this earth that when in a pulverised 
condition, itis claimed by Nobel that it will take up about three 
times its own weight of | liquid nitro-glycerine, and still retain 
the form of a powder. lap wheel, or indeed vegetable, 
substance susceptible of pulverisation or comminution, and 
which will retain nitro-glycerine by absorption, may be sub- 
tuted for infusorial earth in the manufacture of dynamite, 


* A paper read before the American Institute of Mining 
at New Haven, Conn. 














po Be sithes 10 so far ae Sake excel all other 
su ces tried in possessing t uirements ; 
being composed of minute tubular shells, it is light and ab. 
sorbent. A mass of it is very spongy and compressible, its 
shells absorbing the stpaiieinn ie capillary action, and 
holding it with {almost absolute security against filtration 
or compression. ‘The secret of the safety of this powder 
seems to be in its soft, pulpy, and at the same time mealy 
consistency, which gives it a complete cushion to prevent 
percussion, as a blow upon it seems like a blow upon a bag 
of meal; the' greater the quantity the more the compressi- 
bility, and the ter the safety. 

In an admirable paper on dynamite, read by Captain Alex. 
Mackenzie, of the Corps of Taelees, before the Essayons 
Club, in February, 1874, he gives his experience of a visit to 
the works of the company in Morris County, N.J. He says: 
“ The infusorial earth or kieselguhr was originally all imported 
from Germany, but beds of it were es re found in the 
vicinity of the works, in New Jersey. No. 1 powder is com- 
posed of 75 per cent. nitro-glycerine and 25 per cent. infusorial 
earth, made into cartidges 1jin. in diameter, by 8 in. long. 
No. 2, of 36 per cent. nitro-glycerine, 43 per cent. nitrate of 
potash, 7 per cent. resin, 7 per cent. sulphur, and 7 per cent. 
infusorial earth, comes in cartridges 1} in. in diameter by 8 in. 
long. The size of these cartridges may be varied to order. 
In manufacturing No. 1 powder, the kieselguhr is prepared 
for use by first mixing it with a little water and baking into 
bricks for thorough drying. These bricks are then ground 
and mixed with nitro-glycerine. In preparing the absorbent 
or dope for No. 2, the sulphur is pulverised in a revolving cy- 
linder, at one end of which a blast of air enters, and, passing 
through, carries the powdered sulphur intoa tight box. The 
nitrate, either of soda or potasea, is first dried thoroughly on 
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an iron floor, then ground in a mill and passed into a box. 
The resin is pulverised in a cylinder. The sulphur, nitre, 
resin, and earth are then mixed in proper proportions. In 
making the nitro-glycerine, the following Ye ~ gow are 
used : Two parts of sulphuric acid are mixed with one part 
of nitric acid. For every seven parts of the mixed acids one 
part of glycerine is added. One part of nitro-glycerine is 
ex for every four parts of the mixed acids. The rela- 
tive strength of No. 1 and 2 powder has not yet been definitely 
determined practically by any series of experiments, but it 
may be calculated as follows : 








Relative Strength 








sys Relative Strength} as compar 
No.| Composition. | of Components. | with Pure Nitro- 
Glycerine. 
1 75 per cent. 75 per cent. 75 per cent. 
nitro-glycerine. 
25 per cent. 0 
kieselguhr. 
2 36 per cent. 36 per cent. 
nitro-glycerine. 
64 per cent. pot- $2. C(« 68 per cent. 


ash, sulphur, &c. 
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material is a soft, dry rock, which can be 
several points at once, and in cases where the speed: 
pletion of the work is not the most important eleme: 
considered, probably black powder, at present p would 
the cheaper agent; but, again, taking the case of a tunne’ 
where the blasting, like that at Musconetcong, is for the 
greater part — hard, wet rock, which can only be 
attacked from two headings at a time, and where a heavy 
outlay of capital lies dead until the completion of the work, 
the advantage of using so speedy, and yet so safe, an agent is 
most manifest. ¥ 

The introduction of dynamite has already revolutionised 
rock tunnelling, and, hand in hand with machine drilling, is 
doubling and trebling the old rates of progress attained by 
hand drilling and black powder. 

Now, before taking up the enst heading, we will consider 
in a few words the enlargement in rock of west heading No. 1. 
This “bench,” as the rock enlargement is termed, was kept 
both on the east and west sides from 400 ft. to 600 ft. back 
of the headings, so avoiding any eee at the bench 
from heading blast, and allowing plenty of room for handling 
and switching cars, also for backing the machines to a safe 
distance from the face when blasting, &0. In taking up 
the west bench, there was no extraordinary detention. The 
work was begun about January 1, 1874, but owing to various 
detentions, its steady advance did not commence until July, 
1874. Up to that time, though the headings were of course 
free from water, the flow remained so great that frequently the 
enlargement, on the shortest stoppage of the pumps, would 
become flooded several feet in depth ; also, until the headings 
met, in December, 1874, both the west and east enlargements 
were detained by the time lost in removing the broken rock 
from the headings. This was run out from the top heading on 
a movable bridge extending over the men at the bench, and 
ending in a shoot, into which the cars were dumped. From 
this shoot the rock was again loaded on cars in the bottom 
and run out to the slope. Every time, therefore, that a blast 
was fired this bridge had to be run back, and then up again 
to the face as soon as the track could be cleared, much time 
being often lost in the operation from unavoidable detentions 
that frequently arose. The average monthly advance was raised 
in the west enlargement from 87 ft., in 1874, to 188 ft., in 1875, 
on the meeting of the headings in December, 1874; the 
increase in the east enlargement being from 96 ft. in 1874, to 
181 ft. in 1875. 

Figs. 9 and 10 show the method of blasting adopted in 
enlarging in rock. First, six holes, from 12 ft. to 18 ft. 
deep, are drilled and blasted ; their relative position is shown 
in Fig. 10, which is a horizontal pa of the heading, A 
being centre line, B the sides in the enlargement (B") sides of 
heading, C face of bench, and 1, 2, 3, 4, 5, 6, the holes. These 
six lift most of the rock; what is left is broken by several 
horizontal holes projected by (6) in Fig. 9, in which 1, 2, and 
8 are the top carriage, drill, and location of hole; and 4, 6, 
and 6 the bottom carriage, &c. 

These two sets of holes, top and bottom, will average a 
lineal advance for the bench of 9 ft., the following bein 
fair estimate for that advance of the number of feet drilled 
and powder burnt. 
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Number | Depth Total Pounds 
— of of Depth of | No. 2 
Holes. Holes. oles. |Dynamite. 
ft. ft, Ib. 
Top holes ... 6 12 72 62 
Bottom holes 4 10 40 45 
Totals ... 10 22 112 107 

















The total height of the cross section adopted for the 
tunnel through rock, from lower sub-grade (1.76 ft. below 
base of rail) to roof, was 20.16 ft.; with an 8 ft. heading off, 
this leaves about 12 ft. of a bench, with an area of 306 square 
feet which gives about 102 cubic yards to a lineal advance of 
9 ft., or 1.05 lb. No. 2 dynamite, and 1.1 ft. of holes drilled to 
one cubic yard of rock broken, holes being drilled with from 
1} in. to 24in. bits, the largest bits being put in first. In 
general, three machines are kept in use at the bench, two on 
top and one below; to run them, 8 drillers and 3 helpers are 
— about 14 labourers to clear away rock, 1 nipper, and 
a boss. 

Before ing of the east end, it may be well to state 
that the enlargement in rock of No. 2, or the heading driven 
west from the slope, was not pus during the foregoing 
work, there not being the same necessity for haste. After 








“It is claimed that, though the absorbent of No. 2 has 
really but little strength within itself, it develops, when fired 
by nitro-glycerine, about one-half the strength of nitro- 
glycerine pure.” 

With reference to the direct connexion of this explosive 
with tunnel work, the advantage gained by its use is based 
especially on the great saving of time, which is an object in 
all work. Take pound for pound, it is more costly than black 

wder; but it should be remembered that its explosive force 
¥ also many times as t. Berthelot, in his researches on 
explosive matters, calculates from the chemical composition of 
the explosive the volume of the gases produced by the explo- 
sion, and the quantity of heat produced in the reaction. The 
product of the two numbers, as he conceives, giving within 
certain limits the explosive force, Berthelot’s estimate gives 
the ratio of ordinary Diasting powder to pure nitro-glycerine, 
as 88 to 939, or that nitro-glycerine is 10.7 times stronger, 
taken in equal weights. This estimate, applied to dynamite, 
would make No. 1 eight (8) times stronger than blasting 
powder, and, if we accept the estimate of 68 per cent, as the 


relative strength of No. 2, it would make No. 2 seven and 
three-tenths (7,4;) stronger than blasting powder. The 





passing the junction of headings Nos. 2 and 3, it was driven 
on to a point about 175 ft. from the slope. There the rock 
giving out, the enlargement in earth to be followed by 
arching, commenced, which will be described hereafter. 

The east heading had no eerious natural detention from its 
beginning toend. The open cut was sufficiently advanced by 
July 22, 1872, for the top heading to be commenced. It was 
started in a very loose, decomposed syenite, and driven for the 
first 60 ft. of the size of, and timbered in the same manner as 
the small earth heading at the west end, this small heading 
being subsequently taken out in open cut. At that point 
meeting solid rock, the heading was enlarged to the full 
width of 26 ft., and driven on by hand labour until the 
machines were introduced in January, 1873. Giant powder 
and Ingersoll drills were used as at the west end, and cut 
blasting was begun in November, 1873, making at once a 
marked difference in the rate of progress, as the men became 
more familiar with it, faising the progress from the previous 
average of 89 ft. per month in 1873 to 116 ft. in 1874. The 
compressors were of the Rand and Waring make, and were 
located about 300 ft. from the mouth of the tunnel, givin 
air about 2800 ft. to travel, at most, by the time the headings 
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met. Four of them were in constant use, three of 12 in, and 
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one 16 in. air cylinder.’ These com) consist of a RESISTANCE OF VORTEX RINGS. it was at that instant ex: the same as it would be 
esa ee steam eylinder. | On the Resistance Encountered by Vorter Rings: and the | ®°° to the stream-line ' if the were 

There is no illustration offered of them, simply because the} Relation between the Vortex Ring and the Stream Lines | Solid and the water were frictionless. 
other The manner motion of these 


workin: 
the scotion of the Burleigh will suficientiy 
sethal Cotas en ae ~ 
ante ur compressor, is one given 
So boone Universelle des Mines for July and Av : 1874, 


ew Jersey Central depdt on the west side. 
only two serious interru See pete Sit coment 
at the east end were, first, in ber, 1872, a riot between 
and coloured workmen who Mr. McFadden had im- 
ported from Alexandria, Va., in which three of the latter and 
one Irishman were killed, the ultimate and, in fact, very 
@ scarcity of negroes for some time in 
3 and, second, the explosion in April, 1874, of 
one of a new pair of boilers that had recently been put up, by 
t ir lives. This accident stopped 
work, comet me driving A labour, for nearly two 
un damage co in a measure repaired, 
and its effect was felt for some time. 

_ Two accidents also occurred at this end, strikingly illustra- 
tive of the principles given above as governing use of 
dynamite. Besides the magazine, it is advisable to 

a so-called dry house in which the blasters are 
charges for each round, and in which a fire pt 
in winter to thaw the powder, which congeals at a 
low temperature, thereby lessening its readiness to ion. 
One day, there being three men in the room, one of them, 
impatient, took two cartridges and held them to the 
fire to thaw more quickly. They fire, when, instead of 
throwing them out of doors, in his confusion he drop 
them into a box of cartridges ready capped for a blast. 
Those three men had no unseemly pride as to appearances— 
they went out of the windows or door as happened to come 
most convenient, and were only some 50 feet away when 
the fire reached the caps, and four boxes, or 200 lb. of 
dynamite, went up. There was nothing subsequently found 
of that excellent stove but the mutilated fragment of one 
—— The boarding and frame work of house were 
red to native fibrine, and fell in a gentle rain. A clerk 
of Mr. McFadden’s was posting up a ledger at a window 
facing the explosion, with his ink before him. The bottle, 
with a part of the window was thereon carried in his 
face, for some time his tatooing would have done credit 
to a South Sea Islander. ‘Che author had occasion to seek 
his noon sustenance at an adjoining house, and found the 
- woman in — rice All her windows were, 
of course, gone. 088 oO! neighbours were e, too, 
however, so therein she had aa but her ine felt, 
in that she had just nicely papered the cracks of her shanty 
for the winter, and the —— cleaned out every bit of it. 
She was consoled somewhat by discovering on the floor 
several pairs of scissors which she had lost. ey had been 
hid in cracks between the we and the shock opened 
the latter and threw them out. “ Parturiunt montes,” &c. 
Now, the above accident pointedly illustrates the fact of 
the safety of this powder until knowingly rendered explosive 
the introduction of the caps. Suppose a man were to 
hold some black powder to a fire, snd on its igniting drop it 
into a box of the same, is it very likely it would obligingly 
give him time to get out of danger, and then only blow 
u Pee the fire reached some caps designed to ex- 
P 
A curious accident, also, fortunately a harmless one as to 
loss of life, occurred on another occasion with these caps. A 
box of them, containing several thousand, was lying in the 
upper room of the store building, and an ostler was sleeping 
in the same room. a to be in winter, so he was 
well wrapped up. is watch h by the side of his bed, 
toward the box of caps. In the middle of the night that box 
exp! from some undetermined cause. The sides of the 
house and roof adjoining were torn off, the floor crushed in, 
but, strange to ey was unhurt! He declared 
himeelf “ considerably shook up,” and regretted the loss of 
his watch, as only one side of case was left, the works 
lees ey mon / blown out, and the case indented with the 

m of one or two cartridges that had struck it. Now, it 
will be understood that the above incidents are quoted in all 
soberness, as incidental to the history of Musconetcong, and 
the occurrences are emphatically vouched for by the author 


as authentic. 
(To be continued.) 
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in the Southern States of the American Republic. S 1370, 

the number of spi at workin these states was 262,221 ; 

in 1875, the total had increased to 481,821. Ground has 
it been broken for a third mill by the Eagle and Phenix 

ufacturing Corenay 2 Augusta, ia; this mi 
when completed will largest in the Sou 


Westzrn Union Tatecrarpn Company.—The net 
teen oe! estimated—of the Western Union Telegraph 
aS the quarter ending September 30, 1876, were 

ls. Including the balance brought forward from 





q shin an was ot ae rate of ¢ per cond. per 
Faligua of 158644 dol, tobe carried forward io the ee 
eurrent quarter. 
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of a Disc.* 
By Prorzssor OsBORNE REYNOLDS. : 
ArTzER some introductory remarks, the author said 
his object was to describe certain results which had been 
obtained i ions of the water within a tank, 
so as to render them visible. These results were some- 
what striking, and he ventured to think they were in some 
in advance of what had hitherto been taught ; 


respects 
the | but they were now brought forward rather as illustrative 


of the importance of the method of study than on account 
of their own value. 
The Cause of the Resistance of the Motions of Solids 


through Water not known.—The deve! ent of the theory 
of stream lines, with which the name of the late Professor 
Rankine is so intimately co been a t ad- 


mnected, had : 
vance, from the theoretical side, in the study of fluid motion. 
This theory, however, only applied strictly to hypothetical 
fluids without viscosity ; and its results as applied to water 
fell very far short of experimental verification. : 

Thus, as was so beautifully illustrated before the Section 
last year by Mr. Froude, a solid should move through a 
frictionless fluid in a rigid inclosure without resistance. 
The liquid moving out of its way, from front to rear, in 
filaments as streams would, closing together behind, cause 
pressure which exactly balances the pressure in front. 

In fact, however, water opposed % great resistance to 
the rapid motion of solids through it. If a hull which would 
just float were allowed to fall from a — height into water, 
it would only descend a very short distance ; when we 
came to speeds like the of a shot a foot of water 
op nearly as much resistance as an inch of iron. 
posite as these facts were to what the stream-line 
theory might lead us to expect, they did not disprove the 
truth of the theory, because it did not take into account 


ped | the viscosity of water. But it was clear that before we could 


make much practical use of this theory in dealing with the 
only fluids with which we had to deal, we must ascertain 
in what way it was that viscosity affected the behaviour of 
these fluids, so that it may be taken into account in ap- 

This is a point on which the author 


talent 


already been fully made out, and it would be 


to recall its more eral features. In the di 
shown the circles about the centres A and B repre- 
sent sections of the visible ri The water, both within 


these circles and outside them, flows round the centres A 
and B, with a velocity which diminishes as we out- 
wards the centres, after the manner of a free vorter. 
te be apo — — —_ the streams of 
water are very nearly es, but gradually as we proceed 
outwards these circles become flattened on the sides which 
are between A and B until they assume the form of a D. 
The outside streams meet along the axis and together form 
the oval which is the section of the surface limiting the 
moving mass. Outside this surface the water moves out of 
the way to let the ring pass and then moves again. 
Referred to the ring the forms of the stream line resemble 
those in the figure. At the points E and F, where the axis 
of the ring meets the bounding surface, the only motion of 
the water is forward with the ring. It has no internal 
motion at these parts, and there is a region round E and F 
within which the motion of the water along the stream lines 
is very . The pressure of the water is everywhere 
greatest where the motion along the stream line is least. 

ing to speak of the effect of viscosity on the 
motion of the rings, the author said that the motion of 
the internal water, besides maintaining the shape of the 
bounding surface, was such that at each part of that 
surface the motion of the water in contact with it on the 
inside was identical with the motion of that in contact with 
the outside ; so that not only was the bounding surface at 
each instant definite in form, but every point of the surface 
was in motion in exactly the same manner as the water in 
contact with it. The action of the viscosity of the water in 
causing the gradual growth of the ring and its attendant 
mass, was not confined to the bounding surface, but extended 
throughout the moving water, both internal and external 
to that surface. There was a gradual diminution in the 
velocity with which the water moved along the stream lines 
from the centres A and B outwards in all directions as far 
as the motion extended into the surrounding water ; and, as 





a ye theory. 
thought some light was thrown by rendering the t 
of the water visible. 

The Stream-Line Theory applies to the Vortex Ring.— 
The idea of colouring the water to render its motion ap- 
parent was doubtless suggested by the effect of smoke and 
the beautiful phenomena of the smoke ring. In the smoke 
ring we had an instance of a most important form of fluid 
motion, accidentally rendered visible, of which we should 
otherwise have most certainly been in ignorance. At it was, 
however, it had caught the attention of mathematicians, 
and in the hands| of Sir William Thomson, Professor Tait, 
Helmholtz, and others, had led to most important re- 
searches. 

That which was most striking in the smoke ring was the 
singularity and extreme beauty of its internal structure. 
Our familiarity with objects moving rapidly through the 
air tended to diminish our surprise at the ease with which 
these ri move. But when these ri were seen in 
water, their rapid motion and the small disturbance which 


they caused, although only a few inches below the surface, 
were, he thought, the most striking parts of the pheno- 
menon. 

Vortex ri in water were exhibited at Edinburgh in 
1871 by Mr. Henry Deacon, but only on a very small scale, 
being formed from a single —. About three years ago 
Profesfor tried a method of forming them very 
similar to that used by Professor Tait for smoke rings. 


This method succeeded cmeany From an orifice } in. in 
diameter he could send rings the full length of his trough 
(20 ft.) ; and with velocities so + that during the first 
part of their course the eye could not follow them. 

It would “Pp from the absence of all disturbance, 
either behind the ring or at the surface, that these rings 
must move withont resistance, and yet this appeared at first 
sight to be inconsistent with the way in which the speed of 
the ri diminished as they proceeded either in water or 
air. ere was, however, a cause for this diminution of 
speed which could not veg be called resistance. The 
rings grew in size as t proceeded, and, consequently, 
they were continually adding to their bulk water taken 
up from that which surrounded them, and with which 
their forward momentum had to be shared. A loss of 
velocity must result from this growth in size, and the only 
question, with to resistance, was—whether the one 
of these was sufficient to account for the other—whether, 
notwithstanding the loss of velocity, the momentum of the 


moving mass remained constant. 
edidemntesdlin kacunemnetts the best. means he could 


devise) the momentum of a series of equal rings at different 
distances from their origin. The result was, that (within 
the limits of accuracy of the experiments) there was the 
same momentum in the rings after they had travelled 15 ft., 
and were not moving more Sin. per » a8 when 
at 2ft. from the origin, and moving more than 5 ft. per 
, therefore, that these rings did move 
ble resistance. 
m from resistance was considered along 
with the internal motion of the fluid in and around the 
rings, it showed that in them we an instance—he 
believed it was the only one—in which the stream-line theory 
applied accurately to motion in a viscous fluid. The form 
oF the mass of fluid moving forward was not merely that of 
the ring, but was an oblate spheroid a good deal r than 
the ring which it inclosed. This spheroid, like the ring, was 
conti ing, but at any instant it had a definite 
shape. the motion of the water which surrounded 
* Abstract of 
ical Science 


without any a 
When this 





read before the Mathematical and 
i British Association, Glasgow 





was well known, when the velocity of a stream varied from 
point to point in a section across the direction of motion, the 
effect of viscosity was towards equalising the velocity. Hence 
in the case of the vortex ring, the effect of viscosity would 
be to diffuse the motion outwards—to diminish the whirl- 
ing velocity at the centre where test, and to extend 
the s through which the water was in motion—to 
diminish the velocity and extend the size of each element of 
the ring. And it appeared that this effect to diminish the 
velocity and extend the size of the ring was the only effect 
of viscosity ; thatis to say, if the water at any instant were 
to lose its viscosity, then the ring would proceed onwards in 
exactly the same manner as it was proceeding at that 
instant, for the outward motion would be just as necessary 
to balance the external pressures, and preserve the form of 
the bounding surface in frictionless fluid, as in water ; and 
hence the same law must hold between the internal and ex- 
ternal motions. 

The Disturbance of the Stream Lines of a Solid.—From 
the effect of viscosity on the stream lines of vortex 
rings we might form some idea of its effect on the 
stream lines of a solid moving through the water. In 
the first place, let it be supposed t at a certain 
instant one of these vortex rings was converted into ice, 
and further that there was no friction between the 
surface of the ice and the surrounding water. The sub- 
sequent motion of the ice would then clearly be different 
from what it would have been as water. All growth in size 
must stop, and the fulfilment of whatever conditions de- 
pended on this growth could not be realised. The water sur- 
rounding the ice would still be viscous, and there must con- 
sequently be the same tendency of the motion to diffuse 
through it ; and hence, although there was no friction to 

the filament of water nearest the ice, it would still 
lose its velocity by sneering its motion to the slower streams 
outside as they passed from the front to the rear. The mo- 
tion in the stream lines behind the solid would therefore be 
slower than it was in front, and aay —- ay balance 
of pressure would not be maintained. is difference, 
however, would not appear to be great if the diminution 
of velocity were all, which was not the case. 

There would still be an effort on the part of the surround- 
ing water to add to the bulk of the moving mass. The surface 
of the ice would not be the surface of the test pressure 
in the rear ; and the result would be that the water immedi- 
ately behind the ice, instead of flowing back into its place, 
would be pushed on after the ice. And since it not, 
as in the case of the vortex ring, be taken into the movi 
sitheagi the quantity might be swall yet, like the pen in 

tho e quanti i 8 , yet, like the ina 
cians shea, it would aisterb the ease of motion. It co 
not alter the form of the ice, but it would form eddies and 
disturb the stream lines, so that they could no longer per- 


form the _ of balancing the pressure in front. | 
Since this effect was one of disturbance, it was impossible 
to estimate theoretically what its magnitude would be. But 


the hypothetical case just considered served to illustrate the 
manner in which viscosity acted to upset the conclusions of 
the stream-line theory, even when there was no resistance ; 
and this is all the more apparent when we take the skin 
resistance into account. : 
Whatever might be the resistance of the ideal smooth ice, 


it was clear that its actual ‘must exceed Le Pr 
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surface, there is an equal drag on the water moving past it ; 
and thus the surface friction aids the diffusion in ish- 
ing the velocity with which the water would otherwise 
move in the stream lines near the surface, and so tends to 
au aaeg the disturbances of the stream lines in the rear of 
the solid. 

Actually, it was found that the resistance resulting from 
the disturbance of the stream lines was ten times as t 
as the mere skin resistance ; and so far was a solid of the 
shapes of the bounding surface of the vortex ring from 
moving freely, that if it were set in motion it stopped at 
once, and was altogether ‘‘ dead ’’ in the water. 

That the disturbance of the stream lines, as already 
described, fay | occurred, was shown by colouring the 
water. When the solid was first started a somewhat irre- 
gular vortex ring was formed behind it, which Ww 
rapidly and then broke up. After this the water behind was 
alt confused and followed solid ; whereas, with the vortex 
ring, if there were streaks of colour in the water through 
which the ring passed, it left them so nearly as they were 
before, that there was scarcely a trace of its path. Thus, 
this disturbance of the stream lines appeared to be because 
of the resistance encountered by a solid over and above the 
skin resistance. The magnitude of the effect depended on 
the curvature of the streams, and hence it was seen why a 
body having a fine after-part, like a fish, encountered so 
much less resistance than a full body like a spheroid; 
whereas, if the stream lines were complete, according to 
the theory, the extra surface of the fish should cause it 
much greater resistance. 

Relation between the Vortew Ring and the Stream Lines 
of a Disc.—Another question on which the author had been 
able to throw some light by colouring the water related to 
the forms of the stream lines of a thin surface, such as a 
disc. It is, he believed, generally assumed that the theory 
of stream lines showed that all bodies would move without 
resistance in a | manne fluid, and that thin surfaces were 
no exception to the general rule ; but he was not aware that 
any satisfactory figure for the stream lines of such bodies 
had, as yet, been given. 

Now, what he find to show raised two very important 
points in connexion with the stream-line theory, even as 
applied to a perfect fluid. In the first place, it would appear 
that a thin open surface had no stream lines of its own (so 
to speak), except such asit could claim as forming part of a 
closed surface; and, in the second place, it would appear that 
the close surface might assume the form of a cylinder of 
indefinite length continually passing away from the thin 
vane, in which case the vane would not move freely, even 
through a frictionless fluid. 

The truth of the first of these propositions became obvious 
on considering that, except for friction, it would make no 
difference to the motion of a vortex ring if the whole or a 
portion of its bounding surface were covered with a thin 
rigid film. This film would move on with the ring, the 
pressures on the two sides exactly balancing at every 
point, and the fluid gliding over the smooth surface without 
disturbance. In water, however, owing to the gradual 
growth of the bounding surface and the friction against 
the film, such a film must cause disturbance of the stream 
lines to a greater or less extent. The magnitude of the 
disturbance would depend, however, upon the curvature of 
the portion of the bounding surface occupied by the film, 
and the rate at which the matter moved past it. Now, by 
recurring to the form of the bounding surfaces, it was seen 
that immediately in front and behind the surface was per- 
fectly flat, and the motion of the water along the stream lines 
adjacent to these portions was very small. Consequently, 
by covering these portions of the bounding surface wit 
a rigid , 4.¢., @ flat disc, we should only cause slight 
disturbance, and we must expect the ring to carry the disc 
forward without any resistance; and this was exactly what 
wasfound.  . 

By placing a disc in front of one of these rings, the a 
came on until the disc was again the bounding surface, an’ 
then carried the discon withit. It wascertainly surprising 
to seea flat disc moving freely through the water. The 
author doubted not that the general impression was that a 
thin flat disc was about the worst form of body to move 
through water ; and so it was, except when it had a vortex 
ring behind it. Owing to the growth of the ring, if the 
speed of the disc were maintained, the ring would gradually 
fall behind the disc, and the disturbance caused in front 
would break it up. But if the disc were allowed to move 
with the ring‘it would move freely as far as the ring 


went. 

A dise when first started formed its own ring. Thus, if a 
disc were floated on a light bar of wood, when the wood was 
drawn forward, at the dise offered considerable re- 
sistance to its motion ; but this resistance soon died away, 
and if then the bar were released the disc would proceed 
steadily onward with a gradually diminishing velocity. 
A little colour in the water showed how the ring was formed, 
and how it moved onward behind the dise. After the ring 
was formed the disc might be withdrawn sideways; and the 
ring would proceed without it. From these experiments 
it was seen that the bounding surface of the ring was the 

surface of which the dise formed a part, and the 
author thought that they were conclusive as to the way in 
which the stream lines of an open surface were formed. 
_ The Resistance of an Inclined Vane.—The fact that the 
dise would start its own ring, would close its own surface, 
was due to its bei i i surface. Half a 


spheroid which 
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cheng its position along with the 
ing the stream lines otherwise than . 

After making some further remarks, the author con- 
cluded by saying that if his reasoning was right, the facts 
mentioned were somewhat at variance with the ral 
notions as regards the results of the stream-line theory ; 
and atall events, they furnished definite ideas of the veoults 
that had to be exp’ . It was, however, with the utmost 
diffidence that he ventured to bring forward his own ex- 
planation before such an authoritative body as Section A 
in the University of Glasgow ; and his chief object had been 
to illustrate the method of studying fluid motion by obser- 
vations on the motion of partly coloured water. 

Professor Reynolds’s paper, and the numerous beautiful 
and striking experiments by which it was illustrated, excited 
the utmost interest amongst the members of the Section. 
Several of them were repeated by request of the audience. 
A discussion followed. 

Mr. Froude said he had been strongly impressed with the 
truth of what he had seen respecting the manner in which 
the resistance on the inclined vane was explained, and that 
he believed Sir William Thomson had told him there would 
be no such resistance in a perfect fluid. 

Professor Stokes observed that the experiments were 
extremely beautiful and important, and illustrated a pro- 
position of Young’s with reference to the motion of a solid 
through water. 

Professor P. G. Tait (Edinburgh) said that the experi- 
ments which he had just seen were new to him, and that all 
he would do was to suggest that effective as they were, the 
might be more so. He then described some methods whic 
he and Professor Crum Brown had used. 

The President of the Section (Sir William Thomson) said 
that in a perfect fluid, with a real folasse, there would be 
no resistance ; that was, a real plane of solid matter, with 
its edges rounded to any degree of fineness you might please, 
moving through a fluid infinitely perfect, would experience 
ro resistance. The illustration which Professor Reynolds 
had brought before the Section, and accounting for the 
vortex rings from the sides of solids, came to him with ex- 
ceeding instinctiveness. He believed that the apparent con- 
tradiction between the Ly cer geen in a perfect solid, and 
a performance ina real fluid, met its explanation by a 
thorough consideration of some of those very experiments 
which Professor Reynolds had. brought under their notice. 
The subject so beautifully illustrated by Professor Reynolds, 
namely, the casting off of vortex rings from the e ofa 
solid moving through a liquid, he learned from Professor 
Stokes; and he was never more startled with any experi- 
ment than he had been with that of Professor Reynolds, 
which showed the small resistance experienced by the disc 
after it had once been set in motion. It seemed to bea 
revolution of all our notions that that which, of all causes, 
which seem to offer the greatest resistance should offer the 
least. He held very decidedly to the opinion that the in- 
stability of motion in a perfect fluid without vortex 
motion in any part of it was absolutely impossible; and it 
could only result in vortex motion in parts of the liquid. 
There was no such thing as instability in a perfect liquid 
without vortex motion. In the name of the Section the 
President thanked Professor Reynolds most cordially for 
the paper he had just read, and for the very extraordinary 
theoretical views he had brought before them. 





FOREIGN AND COLONIAL NOTES. 
Russian Steam Navigation. —It is proposed to establish 


h | @ line of Russian steamers to ply from Odessa to Indian 


and Chinese ports. These steamers will pass through the 
Suez Canal. 


Gas in Paris.—The revenue of the Parisian Company 
for Lighting and Heating by Gas amounted in the first eight 
months of this year to 1,078,9931. This total presented an 
increase of 6.50 per cent., as compared with the correspond- 
ing period of 1875. 


The Palliser System of Ordnance.—An Artillery Com- 
mission sent out some time since by the United States 
Government to peer orn the artillery in use in England 
and Germany has e a report to the effect that the 
Palliser system is the heaviest and cheapest system of rifled 
ordnance in use in Europe. 


English Steel Manufacturers in the United States.— 
It is definitively announced that Sanderson Brothers and 
Co., manufacturers of steel at Sheffield, Great Britain, have 
com negotiations for the establishment of a branch 
steel manufactory at Syracuse, New York. Apparatus and 
labour will be imported from England. 


New Zealand Coal.—Worki operations have been 
commenced at the Ashburton (New Zealand) coal mine- 
Some of the coal taken from a slip in the range has been 
tried, and it has been found extremely suitable for smithy 
purposes. 

Brawilian Railways.—The Brazilian Government has 
concluded a contract for an extension of the Recife and 
Sao Francisco Railway beyond the terminus at Una to 
Aguas Bellas. The length of the extension will be 160 
miles, and the works are to be executed within five years. 


Coal Dirt for Locomotives.—Coal dirt is being experi- 
mentally used for sy 8 y woemy anit B by Philade = — 
Reading Railroad. A large quan’ materials e 
considered almost valueless will thus be utilised. 

Coast. Line of South Australia.—A return recently laid 
before the Seuth Australian Parliam 
coast line of South Australia proper is 2400 miles in length, 
and that it has 61 available ports and harbours. The coast 
line of the Northern Territory of South Australia measures 
4126 miles, with 21 known ports and harbours. 


Napier (N.Z.) Harbour Works. — Works estimated to 


}| involve an outlay of 52,0001. are in contemplation in con- 





ent shows that the | the last two 


nexion with the harbour of Napier, New Zealand. The 
timber used for the works is to be purchased in the district. 


The German Coal Trade.—The approach of the winter 

has rapidly made its influence felt upon the German coal 

Sade. Eoneme has displayed of late much additional 
n. 


Belgium and South America.—A syndicate formed at 
Liége for the purpose of establishing business relations with 
America has contracted for the supply of the matériel 
required for the establishment of a railway in Venezuela. 
The articles to be delivered comprise steel rails, locomotives, 
carriages, trucks, &c. The contract thus secured is ex- 
pected to find employment for several firms. 


Australian Railways.—When certain lines now in course 
of construction are ee Victoria will have 670 miles of 
railway ; New South Wales will have 687 miles; and New 
Zealand 830 miles. The day does not now appear to be very 
remote when unbroken railway communication will be 
established between Sydney and Melbourne. 


Northern Railway of Canada.—The gross traffic receipts 
of this line for the six months ending June 30, 1876, 
amounted to 798,8661., as compared with 72,9441. in the 
corresponding six months of 1875. The ratio of the work- 
ing expenses to the traffic receipts was 59.77 per cent. in 
the first half of this year as compared with 65.99 per cent. 
in the corresponding period of 1875. In the first half of 
this ae 45151. was expended out of revenue on new works, 
buildings, and equipments. The growth of traffic on the 
extension lines has been greatly promoted by the opening of 
the final division toGravenhurst. The wharves and station 
buildings at the Muskoka terminus have been completed. 


American Locomotives.—A prominent manufacturer of 
locomotives at Dunkirk, New York, has received numerous 
orders from other countries since the opening of the 
— a Exhibition at Philadelphia. At least, 
so it is s : 


Railway Communication in Montana.—An effort is 
to be made to carry the locomotive into the territory of 
Montana. Thus it is proposed to build a cheap line from 
Helena to Fort Benton. Fort Benton is at the head of 
navigation on the Missouri. The distance between Helena 
and Fort Benton is about 140 miles, and the estimated 
cost of constructing the proposed line is 1,500,000 dols. in 
round figures. 


Pernambuco.—Tha establishment of central factories for 
an improved manufacture of sugar occupies some attention. 
in Penambuco. The directors ot tae Recife and Sao 
Francisco Railway have consented to afford siding and 
other facilities. 


Locomotive Expenses on the Recife and Sao Francisco. 
—The expenditure in the locomotive department of the 
Recife and Sao Francisco Railway during the six months 
ending June 30 this year amounted to 7736l., as compared 
with 8762/1. in the corresponding period of 1875, showing 
# saving of 10261. About one-fourth of this saving was due 
to the diminished cost of the coal consumed. Coal, how- 
ever, still cost the Recife and “Sao Francisco 46s. 8d. per 
ton in the first half of this year. Repairs, wages, &c., were 
all less in the locomotive department of the Recife and 
Sao Francisco in the first half of this year. 


Locomotives on the New York Central.—The number of 
locomotives on the New York Central and Hudson River 
Railroad in 1870 was 408, and their cost was set down at 
4,320,865 dols. In 1875, the road had 566 locomotives, and 
their cost was estimated at 5,660,903 dols. 


Belgian Ooal Imports.—During the first eight months of 
this year, Belgium imported 490,000 tons of coal, against 
433,000 tons in the corresponding period of 1875, and 239,000 
tons in the corresponding period of 1874. The imports of 
coal into Belgium have thus more than doubled during the 
last two years, 


ey Coke a was exported from Bel- 
um in the first eight months of this year to the extent of 

,000 tons. The corresponding exports in the corres- 
sommes epee! of 1875 were 453,000 tons ; and in the cor- 
responding period of 1874, 333,000 tons. 


Nicaragua Ship Canal.—The Nicaraguan route has 
been selected for an inter-oceanic ship canal between the 
Atlantic and the Pacific Oceans: and the arrival of Don 
Amelio Girard, the accredited minister from Nicaragua to 
the United States, is anticipated with some interest by 
those Americans who have devoted time and attention to 
the work. Upon Don Amelio Girard’s return to Wash- 
ington, negotiations with reference to the construction of 
the canal will be entered into between the American 
Nicaraguan Governments. 


Toronto, , and Bruce Railway.—The gross traffic 
receipts of this line in the year ending June 30, 1876, were 
372,336 dols., while the working expenses were 233,428 dols. 
The ratio of the working e to the traffic receipts 
will be seen to have been 62.90 cent. The net revenue 
of 1875-6 comes out at 138, dols., as compared with 
73,524 dols. in 1874-5. The line is now entirely com- 

leted, and it appears to be developing the resources of the 
district which it accommodates. 

Belgian Coal Exports.—The exports of coal from Bel- 
gium in the first eight months of this year amounted to 
2,430,000 tons. In the ae — ne ra 1874 the cor- 
responding exports were 2,421, 6 exports may 
thus be said to have remained about stationary during 
years. 

Fairlie Engines in Australia.—Mr. G. H. Royce, one 
of the members of the firm of R. F. Fairlie and Co., 
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THE LITTLE BASSES LIGHTHOUSE. 

One of the most interesting objects at the Loan 
Collection at South Kensington is the optical 
apparatus and lantern of the Little Basses Light- 
house, which is now in course of construction by 
Mr. William Douglass, C.E., from the designs of his 
brother, Mr, James N. Douglass, the engineer to the 
Corporation of the Trinity House, upon the Little 
Basses rock, which is part of a reef situated about 
seven miles to the S.S.E. of the island of Ceylon. 

This apparatus, which possesses many points of 
special scientific interest, to which we shall refer 
further on, has proved a great source of attraction 
to the general public from the fact that its light has 
been exhibited with its rotating apparatus in motion 
every evening when the Exhibition has been open 
tothe public. It is now being taken down previous 
to its removal, and before these lines ap in print 
there will be little left but the foundation upon 
which it stood, 

In the section of the Exhibition devoted to coast 
illumination will be found a model of this lighthouse 
(No. 2182), contributed by the Corporation of 
the Trinity House, and surrounding the pedestal 
upon which it stands are drawings showing its 
internal structure and the method by which the 
materials were landed and the tower built. 

No one can glance at the map of Asia without at 
once seeing the great importance to the mariner of an 
accurate knowledge of the south-east coast of Ceylon, 
lying as it does in the direct path of all vessels trading 
between the Suez Canal and the ports of India, 
China, Japan, Australia, or New Zealand. The 
Trinity House Corporation have long had the light- 
ing of this dangerous coast under their considera- 
tion, and the result has been the erection of two 
magnificent granite lighthouses with optical appa- 
ratus of the first order upon the reefs, known as the 
Greatand Little Basses respectively. The former 
has just been completed, and it is believed that the 
latter will be so far finished ina year’s time that the 
light may be exhibited. In both cases the focal 
plane of the optical apparatus is 110 ft. above high 
water spring tides. ‘The Great Basses rock is about 
6 ft. above mean water level, and the Little Basses 
is only awash at low water, andis seven miles from 
the shore. These reefs, which are composed of hard 
red sandstone, are exposed to the full fury of the 
sea during the north-east and south-west monsoons, 
so that the days available for working are few, and 
these are almost exclusively during the prevalence 
of the north-east monsoon, which commences in 
November and terminates in April, and even of this 
short period only half of it can be relied upon as 
safe for working. ‘The whole of this coastis exposed 
to heavy surf from the south and south-west, and as 
there is no shelter for shipping nearer than Galle, 
that place, though one hundred miles distant, was 
selected as the depét from which the operations at 
the rock were to be carried on, 

The tower, which is now completed, is of Dalbeattie 
granite, and has, like that for the Great Basses, been 

repared and fitted together in the quarries of 
essrs. Shearer Smith and Co., of Dalbeattie, and 
before leaving this country each block was marked 
for its particular place, so that very little skill was 
necessary in putting them together in Ceylon. The 
blocks forming the walls and floors of both light- 
houses are dovetailed together, both vertically and 
horizontally upon the system adopted by Mr. Doug. 
lass in the Wolf Rock and Hanois lighthouses. 
Across the upper surface and also on one end of 
each stone is a raised dovetailed band, and on the 
underside as well-as at the opposite end is a corre- 
sponding dovetailed recess. This recess is just large 
enough for the projecting dovetail to enter it, and 
the space between them when fitted together is 
filled with Portland cement. The whole structure, 
walls, floors, and foundation becomes, therefore, one 
solid mass of granite, which will in all probability 
be everlasting, requiring no annual outlay for paint- 
ing or repairs. The tower has a diameter of 33 ft. 
3in. at its base and of 16 ft. 6in. at the top under 
the lower gallery, and contains about 1720 tons of 
granite. ‘lhe concave outline of the shaft is elliptic, 
having the curvature of an ellipse whose major axis 
1s 148 ft. and whose minor axis is 28 ft. 

Two iron twin-serew steamers, each capable of 
carrying 120 tons of granite and fitted with two pairs 
of steam winches, were used for conveying the ma- 
terials from Galle to the rock, and, although they 
could not get nearer to the latter than 180 ft., blocks 
averaging 2} tons in weight were hoisted out of 
the hold, landed, and deposited 28 ft. above the 
rock at a rate of ten per hour, and this entirely by 





the steam power on board the vessel from which 
the stones were being lifted. 

The method of landing the stones, which was 
adopted for the first time by Mr. Douglass in 
the erection of the Great Basses Lighthouse, 
proved so satisfactory that he has employed it in 
the construction of the tower at the Little Basses, 
A strong mast 45 ft. high, and supported by chain 
guys, was shipped into the rock in a vertical 
position, and from this was supported a derrick 
which could be swung over towards the tower by 
means of a chain and crab, The steamer was moored 
at a distance of 180 ft. from and parallel to the rock, 
and the blocks of granite contained in the hold 
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were ranged on two tiers of rollers, so as to facilitate 
their being brought under the hatchway, where an 
iron lift working in guides conveyed them to the 
level of the deck. One barrel of the forward winch 
lifted the stone to the deck and deposited it on rollers 
in readiness to go out of the gangway. To one 
barrel of the after winch was attached the end of a 
half-inch chain, which passed first through a leading 
block at the gangway, then through another at the 
foot of the derrick, through a pulley at its top, and 
from thence through a block attached to the stone, 
and back to the head of the derrick where it was made 
fast. For easing off the stone and to keep it in check 
there was attached to it a second chain, the further 
end of which was coiled on the second barrel of the 
forward winch, which was controlled by a powerful 
brake. In landing a stone the aft steam winch was 
started, and, as the stone went over the side, the con- 
trolling chain was eased away by the brake until the 
stone entered the water, whenit was gradually “paid” 
away as the after winch worked the stone ashore. 
The stone on reaching the shore was swung by 
the derrick towards the tower and lowered into its 
lace. When the building rose to a height too great 
or the derrick to work, a steam winch was fixed 
upon the rock for hoisting the granite blocks to the 
top of the tower. By the very ingenious contri- 
vance by which the stones were conveyed from the 
ship to the rock below the surface of the water they 
were out of the influence of the wind, and at the 
same time more than two-fifths of their weight was 
taken off due to their immersion, and io the dif- 
ference between the specific gravities of granite and 
sea-water ively. ‘ 


apart and very similarly situated, it was of the ut- 
most importance to give to each such a distinctive 
character as would prevent the one being mistaken 
for the other either by day or by night. With this 
end in view there has been made a difference in the 
forms of the heads of the two towers and also a 
great difference in their lights. The lantern of the 
Great Basses is provided with a conical roof, and 
has below it a single gallery, whereas the roof of 
the lantern of the Little Basses is domed, and there 
is a second gallery ten feet below the gallery below 
the lantern. Figs. 1 and 2 represent the tops of 
the two towers. 
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The Great Basses light is distinguished at night by 
giving red flashes at intervals of 45 seconds, 
the duration of each flash being about 7 seconds, 
and that of the eclipses about 38 seconds, The in- 
tensity of these red flashes is about equal to that of 
37,800 candles, and the light is coloured by a chim- 
ney of ruby glass on the central lamp. 

We now come to the illuminating apparatus of 
the Little Basses Lighthouse, which is of a novel 
character, being upon the very beautiful ‘‘ group 
flashing” system of Dr. Hopkinson, whereby flashes 
in groups of two or more are given in quick succes- 
sion instead of single flashes at stated intervals of 
time. The first order dioptric apparatus for the 
Little Basses, has been designed by Dr. Hopkinson, 
and manufactured by Messrs, Chance Brothers and 
Co., of Birmingham, whose firm stands first in the 
world for this class of work. Itis a twelve-sided 
light, having the axes of the panels at unequal in- 
tervals of azimuth 15 deg. and 45 deg. alternately. 
It will be seen from Fig. 3, which is a horizontal 
section in the plane in which the axes of the prin- 
cipal lenses lie, that the panels are unsymmetrical, 
their axes not being central to their width, so that 





they are alternately closer together and farther 
apart, and by this means the required angles in 
azimuth are given to the flashes, and to the short 
intervals between them. As this apparatus is car- 
ried round by clockwork at a speed of one revolu- 
tion in six minutes, which is at the rate of one 
degree of azimuth per second of time, and as the 
axes of the dioptric panels are alternately 45 deg. 
and 15 deg. apart, being arranged in pairs, it fol. 
lows that a double flash will meet the eye of an ob- 
server once in every minute. He will see a flash of 
about 4} seconds’ duration, followed by about 104 
seconds’ darkness, then another flash of 44 seconds, 
and this double flash will be separated from the 
next by an eclipse of about 40} seconds. As each 
panel condenses 30 deg. of the light of the flame 
into 4 deg. in azimuth it gives an intensity to each 








As these two lighthouses are but twenty miles 





flash represented by 7} (the continuous light of a 
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fixed apparatus being taken as unity). In the ordi- 
nary cight-sided revolving light, 45 deg. in azimuth 
is condensed into 4 deg., so that the intensity of its 
flash would be about 11}, but as the two flashes 
near to each other are almost as convenient for 
taking a bearing as a continuous flash would be 
which lasted from the beginning of the first flash 
to the end of the second, the time available for tak- 
ing a bearing may be taken as of 19} seconds’ dura- 
tion, which has great advantage over the eight- 
sided light, notwithstanding the slight superiority in 
the intensity of the latter. The distinctive cha- 
racter of this light consists not in the = periods 
between the flashes, but in the flash being a double 
one, and as the two flashes are of exactly the same 
power the general appearance of the light must be 
always the same. On the preceding page is a 
general view of this beautiful apparatus taken from 
a photograph for which we are indebted to the 
courtesy of Messrs, Chance. 

The mechanism by which the system of prisms and 
lenses is driven round at a speed of ten revolutions 

r hour, possesses several -—- of special interest. 
fn it has been adopted the ancient driving and 
maintaining power of Huygens, which depends for 
its action upon the differential effect of two unequal 
weights upon an endless chain passing over the 
driving wheel of the apparatus. Its characteristic 
advantage is that the driving power is maintained 
during the time that it is being wound up, and at the 
same time ratchet-wheels, such as are employed in 
other arrangements, can be dispensed with. The 

eneral principle of Huygens’ maintaining power is 
described in most works upon horology. 

Dr. Hopkinson has also introduced an exceedingly 
simple governor for regulating the speed of the 
apparatus, It is furnished with two balls mounted 
in a similar manner to those of an ordinary steam 
engine governor, but their action on flying out is to 
raise a large disc revolving with the same spindle, so 
as to bring it into frictional contact with a rubber 
whose distance can be regulated by a screw adjust- 
ment, This disc has such complete control over the 
driving machinery that the whole can be stopped by 
a small mill-headed screw, which by being turned 

resses against the edge of the disc and stops it by 
its friction. 

The source of illumination is one of Mr. J. N. 
Douglass's first-order lamps, a duplicate of which 
is exhibited in the lighthouse section at South 
Kensington (No. 2188). It consists of a large cylin- 
drical reservoir of brass capable of containing several 
gallons of oil and provided with simple apparatus by 
which the oil is raised to the wick-holders. Above 
this is the burner, made up of six concentric wicks, 
each of which can be raised or lowered by a rack 
and pinion turned by a milled head which is marked 
with a number corresponding to the wick to which 
it belongs. 

Hitherto the lamps for dioptric apparatus of the 
first order have been provided with four concentric 
wicks, all of which have been in use in all weathers. 
In Mr. Douglass’s improved lamp the three inner 
wicks can be shut off by a metallic cover and cone 
when the weather is ciear, and the lamp is only 
burned at full power in thick weather when greater 
penetrating power is necessary, The full light- 
producing power of the lamp when all the wicks are 
in use is equal to 772 standard sperm candles, and 
at this power it consumes one gallon of oil in one 
hour and fifty minutes. With the three wicks its 
consumption is one gallon of oil in two hours and 
forty-five minutes, and its light is equal to 342 
candles. 

With this apparatus any description of oil, whe- 
ther animal, vegetable, or mineral, may be burned, 
as it is provided with a simple contrivance whereby 
the level of the oil in the wick-holders is regulated 
and also the admission of air to the flame. When 
arranged for burning sperm, colza, or cocoa-nut oils, 
the oil is allowed to overflow the wick-holder, the 
unburnt portion flowing back to the reservoir; but 
when mineral or cqually inflammabie oils are em- 
ployed the flame is supplied by the capillarity of 

the wicks. It has been found from experiment 
that by this improved lamp the illuminating power 
has been increased as much as 22 per cent., 
while the consumption of oil has been reduced 17 
per cent, At the Little Basses Lighthouse the 
illuminating agent is the local cocoa-nut oil, which is 
found to be nearly equal to the best colza. 

The lanterns of both the Great and Little Basses 
are on the ‘Trinity House cylindrical pattern, hay- 
ing helical gun-metal framing inclined at an angle 


of 60 deg. with the horizon, and which supports the 





diamond-shaped panes of glass; these are bent to 
the cylindrical curvature of the lantern, 
the rays emanating from the dioptric apparatus fall 
normally on their surface, and thus both internal 
surface reflection and aberration due to refraction 


are prevented, and at the same time the maximum | 


strength is given to the structure. 

The system of ventilation is that arranged by 
Faraday, and which is now universally adopted. 
The importance of a perfect system of ventilation 


can hardly be over-estimated, as without it not only 
is it impossible for the lamp to give its full light, 


but condensation takes place upon the inner surface 
of the glazing of the lantern, and the efficiency of the 
light is most seriously impaired. ; ‘ | 

The cost of the Little Basses Lighthouse is esti- 
mated at about 73,000/., and that of the Great Basses | 
was 71,565/., which sums include all expenses of | 
carriage from this country and delivery in Ceylon, 
as well as the screw steamers by which the work 
was carried on, These sums compare per cubic 
foot most favourably with the costs of rock 
lighthouses built near our own shores, notwith- 
standing the great increase there has been in the 
value of both labour and material. 

It has been estimated, as a consequence of the 
erection of the first of the two lighthouses on these 
dangerous Cingalese shoals, that the voyages of 
passing steamers have been so shortened that the 
saving in coal alone, irrespective of that of time, 
wages, and interest on capital, has already exceeded 
the cost of its erection, and there can be little doubt 
that when the second is completed, this saving will 
be still further increased, and the risk of life from 
shipwreck in these waters will be reduced to a mini- 
mum, 

We cannot conclude this notice without express- 
ing our thanks to Mr. J, N. Douglass, C.E., and 
to Dr. Hopkinson, to both of whom weare indebted 
for much valuable information. 








THE ORIGIN OF MOTION.—No. X. 

1. Sunce by the abandonment of the theory of 
‘‘action of a distance,” a physical agent must be 
looked to as concerned in all the motions developed 
in matter, the study of the qualities of the every- 
where present ether becomes therefore a subject of 
great practical interest, We propose in this article to 
consider further the qualities of the ether with the 
view to arrive at those limiting values for density, 
pressure, and enclosed energy, which are deducible 
by the abandonment of the theory of ‘‘ action at a 
distance” —as also to notice certain criticisms which 
have appeared in this journal and elsewhere. Each 
reader can, of. course, test our conclusions for him- 
self, and we court every criticism, and any one 
abandoning entirely the theory of “‘ action at a 
distance” cannot fail soon to be convinced of the 
new power thereby afforded in theoretic research ; 
indeed, what could be expected of a theory which 
itself explains nothing, and by diverting the fancy 
over an almost endless maze of speculation, is in 
reality the greatest hindrance to progress. 

2. Firstly, as connected with this subject, we 
would refer further here to a certain point where 
some appear to find a difficulty, and which has also 
been noticed by a writer in the Journal of the 
Franklin Institute ee a in a review of the 
work,* of which these articles (identified and alluded 
to by the reviewer) are a further development. 
The difficulty in question appears to be in accepting 
the principle of the conservation of vis viva at the 
encounter of two particles of ether, and the con- 
sequent rebound of the particles. Now we submit 
that there can be no warrant whatever for saying 
that vis viva disappears at the encounter of the 
two particles, unless it could be said where the vis 
viva goes to. From the very fact that vis viva is 
indestructible, the motion of the two ultimate 
particles cannot be annihilated at the encounter, 
and therefore the effect of the encounter is simply 
to change the direction of the motion without 
destroying it. We may hope to have a more satis- 
factory insight into this fact by a more accurate 
knowledge of the ultimate constitution of matter, 
but the fact itself can be none the less certain; 
indeed, any theory as to the ultimate constitution 
of matter must itself be framed in consistency with 
the great principle of the conservation of vis viva. 
To apply the theory of “action ata distance” to the 
case, or to assume the icle to be a “centre of 
force,” is simply to evade the problem as to the 
ultimate constitution of matter entirely, and to 


* “ Physics of the Ether.” E. and F. N. Spon, London. 








so that 


| Stamp the process involved at the rebound of the 
particles as an insoluble mystery ; indeed, we must 
abandon the theory of ‘‘action at a distance” ix 
order to render it possible eventually to throw light 
/upon the process, for it must be evident that a 
'theory which is in itself vague cannot possibly 
| throw the slightest light upon anything. It would 
surely be utterly illogical to assume that the mere 

touch of two particles of matter should in some 
| mysterious way annihilate vis viva. 

3. That vis viva is not annihilated at the encounter 
of the ether particles is also directly proved by the 
observed fact that the ether has a power of forcibly 
and rapidly recovering its equilibrium when disturbed 
—as in the act of propagating a wave of light—this 

wer of recovering its equilibrium when disturbed 

ing, as we before pointed out, a direct proof that 
the particles of ether are in motion among them- 


| selves in their normal state ; for if the particles were 


at rest, they could (‘‘ action at a distance” being of 
course rejected) offer no resistance to displacement, 
but would remain anywhere they were placed, and 
thus the ether could not recover its equilibrium 
when disturbed. That the ether can do this, there- 
fore, proves that its particles are in motion in their 
normal state (interchanging motion among them- 
selves). Now if vis viva were annihilated at each 
encounter of the particles, they would soon come 
to rest, and the ether would cease to have the power 
of recovering its equilibrium when disturbed, or it 
would be like a gas which has lost its elasticity by its 
component molecules being brought to rest. Since, 
however, the ether is found to have a power of re- 
covering its equilibrium when disturbed, and that 
invariably with the same energy, it is proved, neces- 
sarily, that the motion of the particles maintains a 
constant normal value, and that therefore vis viva 
cannot be annihilated at the encounter of the par- 
ticles. In connexion with this point it may be 
observed that Sir William Thomson in a paper in 
the Philosophical Magazine (May, 1873), relating to 
the theory of Le Sage, remarks: ‘‘ We are for- 
bidden by the modern physical theory of the con- 
servation of energy to assume inelasticity or any- 
thing short of perfect elasticity in the ultimate 
molecules, whether of ultramundane or of mundane 
matter.” 

4. It will be observed that we put forward no 
theory as to the ultimate constitution or structure 
of the ether particle, or of the molecules of matter, 
and this we can all the more readily dispense with 
from the fact that all the practical deductions rela- 
tive to the functions and qualities of the ether are 
quite independent of this question. Thus it is so 
far certain that an ether particle, as any material 
particle, is a small portion of matter possessing a 
definite indestructible mass, and that by its inter- 
change of motion with other particles vis viva is not 
destroyed, and this is all the knowledge that is 
essential to us for the purpose of drawing practical 
deductions. We are only hereby applying to the 
ether the great fundamental and established facts of 
the indestructibility of matter and of energy. We 
may not be able to explain clearly at present why the 
mass of a particle or a niolecule is indestructible, or 
the quantity of matter contained in it cannot be 
changed by any means that we have at our disposal, 
yet no fact is better established. There are, as is 
known, about sixty varieties of molecules, of different 
masses and vibrating periods, and whose different 
arrangements constitute all the different forms of 
matter, and by all the changes that these molecules 
(or small portions of matter) are subjected to, their 
mass and special vibrating period cannot be altered 
—and that no consequence how formidable the 
mechanical means brought to bear with this object. 
It should be kept in view that the molecules and 
particles of matter can only be acted on by them- 
selves, since everything consists of molecules and 
particles, so that all we have to admit is that mole- 
cules and particles are indestructible dy all their 
actions among themselves. 

5. It might perhaps be said on first considering the 
question, that it is unsatisfactory to reason about 
the motions of the ether particles or to deal with 
the dynamics of the ether, without knowing the 
constitution of its particles. Do we not, however, 
deal with the dynamics of the larger scale visible 
masses, without knowing the constitution of these 
masses, or would any one trouble himself for 
example in illustrating the phenomena of impact 
of masses, as to what was the molecular con- 
stitution of the masses employed; or would it be 
thought that a knowledge of the molecular constitu- 
tion of masses was essential to the study of the dy- 
namics of masses? So in the same way why should 
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we not reason with clearness of conception about 
the dynamics of molecules and particles, without 
knowing ‘heir constitution? It is evidently a mere 
question of relative size, and indeed we know more 
of the constitution of a molecule than of a visible 
mass, for a visible mass is itself a complex collection 
of molecules. There certainly appears to be an 
illogical tendency to treat Ke + of portions of 
matter because they are small, There can really be 
no logical cause for hesitation in dealing with the 
dynamics of molecules and particles than in the case 
of dynamics of visible masses. In applying the 
beautiful theory of Joule and Clausius to the air 
and to gases generally, we do not want to know— 
and we do zo¢ know—the constitution of the mole- 
cules of the gas, and yet we may reason with the 
greatest precision about the motions of the mole- 
cules, deduce their normal velocity and its relation 
to the density and pressure of the gas, and the de- 
ductions thus arrived at by theoretic reasoning have 
been confirmed in a remarkable manner by experi- 
ment, and have served to throw a light on many 
new facts. So in dealing with the dynamics and 
functions of the ether, or in applying the theory of 
Joule and Clausius to the ether, we do not want to 
know the constitution or structure of the particles of 
ether. 

6. We before pointed out (in No. I. of these 
articles)* that when the theory of ‘action at a dis- 
tance” is rejected, it admits of being proved as an 
important fact that the theory of Joule and Clausius 
already accepted with regard to gases, becomes in- 
evitably applicable to the ether as the one possible solu- 
tion to the problem as to its physical constitution. For 
we before showed that when the theory of ‘“‘ action at 
a distance” is rejected, the power possessed by the 
ether of forcibly recovering its equilibrium when 
disturbed can only be due to a motion going on among 
its particles; and secondly, these particles must 
move in straight lines, from the simple fact that the 
absence of any power of acting on each other ata 
distance renders the particles incapable of influenc- 
ing the direction of their motions. By the rejection 
of the theory of ‘‘ action at a distance,” therefore, 
it inevitably follows that the constitution of the ether 
is that of a gaseous body, not a solid or liquid. In 
solids and in all liquids with which we are acquainted, 
there is cohesion among the separate parts, this action 
termed ‘‘cohesion” being, by the rejection of the 
theory of ‘‘action at a distance,” solely referable 
to the controlling action of the pressure of an ex- 
ternal medium which pervades the molecular inter- 
stices of the solid or liquid. Now since there is 
nothing to control the particles of the ultimate 
medium itself, there can be no cohesion among 
these particles. The particles of the ultimate 
medium or ether, therefore, like the molecules of 
& gaseous body, have no cohesion among them- 
selves. We should not have mentioned the idea 
of a solid in connexion with the ether, had not this 
idea been advanced by some. Surely the one fact 
of the earth passing through the ether at a planetary 
velocity without a perceptible resistance is by itself 
sufficient to negative the idea of solidity, indeed any 
idea of the rigidity of a solid structure in an agent 
which allows bodies to pass through its substance 
with such facility that its very presence defies de- 
tection, is surely not capable of serious consideration 
for one moment. Also for a body to pass through 
a liquid, resembling anything we know of liquids 
at a planetary rate would be simply a physical 
impossibility. Ifa few miles per hour be attained 
with difficulty in the case of bodies traversing a 
liquid, what must be the case with the same number 
of miles per second? It is a known and established 
fact that the mere passage of the body through the 
liquid is not the direct cause of the resistance en- 
countered, but the resistance is due to the motion 
unavoidably imparted to the ultimate molecules of 
the liquid during the passage of the body, and this 
resistance becomes enormous at high speeds. Since, 
however, the ether allows bodies to pass through 
it at many miles per second with scarcely appre- 
ciable resistance, it is very certain (if only this 
cause be taken into account) that the either is not 
Ey 

- the suggestion might’perhaps be thrown out by 
some that as far as this nonian uF resistance is con- 
cerned, the ether might be a erfect liquid, i.e., 
aliquid of which every part is iquid (or a liquid 
— has no ultimate indestructible rigid )- 

© this we reply that such a liquid though incapable 
of affording a resistance to the passage of matter, 
Would (conversely) be necessarily just. as incapable of 
* See ENGINEERING, vol. xxi. page 1. 








acting upon matter. The ether, however, must 
by the rejection of the theory of ‘action at a 
distance” be assumed to be capable of acting upon 
matter, and that with great energy ; for by the re- 
jection of the theory of ‘action at a distance,” the 
masses and molecules of matter cannot be assumed 
to have a power of acting upon each other across 
empty space, but the actions and motions of these 
masses and molecules must inevitably be controlled 
and governed by an external agent, and, therefore, 
the everywhere-present ether must inevitably be 
looked to as the agent concerned in developing and 
controlling the motions of matter generally—and ac- 
cordingly the ether must be capable of exerting a 
controlling power upon the masses and molecules of 
matter. Now since a perfect liquid has no ultimate 
impenetrable parts, but is freely penetrable in all 
parts, and, therefore, is incapable of resisting or con- 
trolling in any way the movements of masses and 
molecules of matter immersed in it; and since the 
ether must be assumed to have such controlling 
power, it is, therefore, obvious from this that the 
ether cannot be a perfect liquid—and, therefore, 
must be of atomic constitution. The ether accord- 
ingly must possess ultimate indestructible impene- 
trable parts (which we bave called “ particles,”’) for if 
the ether were freely penetrable without resistance 
in all parts, the ether would be a perfectly passive, 
powerless body, entirely incapable of acting upon the 
molecules of matter. 

8. We have deduced, therefore, that the ether is 
not a solid, of a liquid, and zo¢ a perfect liquid. 
The only possible conclusion, therefore, is that the 
ether is a gaseous body—or we have simply come 
round by a negative train of reasoning to the de- 
duction first arrived at as a necessary one, viz., that 
the ether is constituted as a gaseous body. Indeed, 
matter in the gaseous form is the only form of 
matter that allows the passage of bodies at high 
speeds with little resistance, the reason evidently 
being that the movements of molecules of gases 
are not clogged by actions upon each other, and the 
indestructible molecules are relatively few and far 
apart, so that but a small quantity of matter is en- 
countered by the body in its passage. The ex- 
ceptionally small resistance afforded by the ether 
may be readily accounted for under the condition 
that it has an exceptionally low density, or that its 
particles are excessively minute compared with the 
molecules of matter, a condition required in order 
to enable the ether to penetrate with facility the 
molecular interstices of matter. That the ether has 
a low density is moreover a conclusion very gene- 
rally accepted by physicists. 

9. It is well known that Sir William Thomson 
has put forward a theory as to the ultimate 
consitution of the molecules and particles of matter, 
founded upon the investigations of Helmholtz 
upon a form of motion termed vortex motion, 
Though as we before remarked, all the practical de- 
ductions relative to the ether, its constitution, 
functions, enclosed store of energy, pressure, density, 
normal velocity of particles, &c., are not in any way 
dependent on the question as to the ultimate con- 
stitution or structure of the particles themselves 
(just as the same deductions relative to gases 
are not dependent on the structure of the mole- 
cules of the gases), still since the above theory 
is attracting attention, and serves to throw a 
more satisfactory light on the observed fact of 
the indestructibility of molecules and particles, and 
also on the process involved at the rebound of 
two particles; we will, therefore, notice the theory 
briefly here, as a point of interest, not as a necessary 
basis to our deductions, Of course we make no 
pretence to go into the admirable mathematical de- 
velopments upon which the theory is based ; it will 
only be our purpose to give here some of the results 
or a general sketch of the theory in as clear terms 
as we can. 

10. A vortex atom is a portion of a liquid which 
is in rotary motion. To describe the form of 
motion we may suppose @ cylindrical bar of india- 
rubber to be rotated about its longitudinal axis, 
and then the bar, still rotating, to be bent round 
into a circular loop and joined at the ends, still 
rotating about the same axis; then this is the 
motion of a vortex ring or vortex atom. It will be 
observed, therefore, that the motion is a very 
simple one. One object served by the peculiar 
closed ring shape of the rotating portion of matter 
is evidently to & found in the fact that this is the 
only conceivable means of fulfilling the condition 
of a perfect symmetry of motion in all the ex: 
parts of the moving portion of matter. If for 





example the ring were broken, we should have the 
two points forming the ends of the axis at rest. 
The ring being pliable or formed of fluid, motion is 
necessary to its elasticity. Rigidity is conferred by 
motion. The centrifugal action of the rotating 
liquid of the ring causes it to resist compression, 
and the external liquid serves to prevent the 
rotating parts from flying outwards, If the 
column of water enclosed in a flexible leather pi 
were put into rapid rotation by the rotation of ‘the 
pipe about its longitudinal axis, the liquid column 
would become elastic or resist compression, whereas 
if it were at rest it would have no power of 
resisting a change of form at all. Thus a plastic 
or non-rigid body may have rigidity conferred 
upon it through motion, A top spinning affords a 
practical instance of rigidity conferred through 
motion, It takes, as is known, a considerable force 
to deflect a top when spinning. So it would take 
considerable force to deflect or bend a column of 
water when in rapid rotation, for the same principles 
apply whether the rotating body be solid or liquid, 
and thus elasticity is conferred m motion. The 
vortex ring tends from the spinning motion of its 
parts to retain forcibly its symmetrical form,* and 
this with greater energy the greater the velocity of 
rotation. Thus any degree of rigidity may be con- 
ferred through motion. Indeed the rigidity would go 
on increasing indefinitely with the velocity of 
motion, It has been proved mathematically by 
Helmholtz as an important fact that two such 
vortex rings are indestructible by any auctions among 
themselves, i.e., however energetically they may 
come into collision they cannot be broken. They 
may be bent to any degree and recover their form 
through their elasticity, but can never be broken. 
This, therefore, would satisfy and explain the known 
fact of the indestructibility of the sicheiales and par- 
ticles of matter, Of course such a ring could conceiv- 
ably be broken or cut, were means at disposal- for 
this purpose, but since a// matter by hypothesis con- 
sists of such rings, and they are indestructible by 
simple collisions among themselves, they are there- 
fore of necessity absolutely indestructible, When two 
such rings strike each other, they are slightly bent or 
deformed, and the translatory motion of approach 
is converted into a motion of rotation and vibration ; 
and at the rebound this motion is converted back 
into a motion of translation. In ¢his case of course 
the rebound takes a certain ¢ime, and the vis viva 
during that time is conserved in the above manner, 
The time taken in the act of rebound and the 
attendant deformation of the rings would be less as 
the velocity of rotation of the Fiquid forming the 
rings, and the rigidity thus conferred was greater, 
the time taken approaching zero as the velocity of 
rotation and the attendant rigidity increases. It will 
be observed therefore that as the velocity of rotation 
increases, the vortex atom approaches the condition of 
the perfectly rigid Lucretius atom, These vortex 
rings, as is known, may be experimentally shown in 
air by means of smoke, and the rebound of the rings 
from each other may be observed. They rebound from 
each other much as two rings of solid india-rubber 
would do, only the atom rings are perfectly elastic. 
Since the atom vortex rings rotate in a perfect liquid, 
i.é., in a true liquid every part of which is liquid 
(or a liquid without ultimate impenetrable parts), 
and since it is an established fact that there can be 
no resistance to bodies in such a liquid, or there can be 
no transference of motion between the rotating por- 
tion of the liquid forming the ring and the rest of 
the liquid; it therefore follows necessarily that the 
rotation of the ring is self-maintained, i.¢., goes on 
for ever, as energy is indestructible. The rotating 
vortex atom, therefore, forms a permanent in- 
destructible atom, The liquid filling s is of 
course necessarily incompressible, from the simple 
fact that space is quite full of it, or there are no 
vacant interstices, and when space is quite full of 
matter, it cannot be made to occupy more, or two 
separate portions of matter cannot be made to 
occupy the same space at the same time. Moreoyer, 
if we assumed the liquid to be compressible, we 
should have to invoke the aid of ‘ force” resisting 
compression, and this is not admissible by the re- 
jection of the theory of ‘action at a distance,” 
Matter to have a physical existence at all must 
occupy space. 
* It has been mathematically ed by Sir William 
Thomson Elf mm agpees yoose that these vortex ri 
perfectly ite and unalterable vibrating peri 
Spending on She velocity of rotation of the suntier focooing 
the ring, as consistent with the diverse but unalterable 
i iods known to be possessed by the molecules of 








matter. 
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1l. Since, therefore, in accordance with these 
principles a particle or a molecule of matter is a 
vortex ring in a perfect liquid, if we apply these 
principles therefore to the ether, it follows that an 
ether ‘‘ particle” (as we have termed it) is a vortex 
ring ina perfect liquid, and therefore the ether itself 
is a collection of vortex rings in a perfect liquid, 
and which are moving in straight lines, and rebound- 
ing from each other in all directions, It might be 
thought that the conceptions are materially altered 
by adopting this principle, but we shall shew that 
this is by no means the case. Firstly, it is important 
to keep in view that the ether itself is no¢ the perfect 
liquid, but only the portions of it which have vortex 
motion ; for if the vortices were abolished and left 
the liquid intact, the ether would be abolished, In 
accordance with this principle a// matter consists of 
vortex rings in a perfect liquid. If the vertex rings 
ceased to exist, what we term ‘‘ matter” would cease 
to exist. The perfect liquid has no power whatever 
in it, no means whatever of affecting the senses ; it 
plays the perfectly passive part of controlling the 
rotation or centrifugal action of the vortex rings, 
which themselves constitute matter. Since the 

rfect liquid can neither act upon matter immersed 
in it, nor be acted upon by matter, and can oppose 
no resistance to the passage of matter through it; 
the perfect liquid (external to the vortex rings) 
might therefore, as far as our senses are concerned, 
have no existence at all, indeed it plays the exact 
part of avoid. The outside liquid relative to the 
vortex atom is as the void relative to the 
Lucretius atom. Since, therefore, the liquid plays 
the part of a void, whether we regard it as existing 
or not, cannot alter the conceptions in the least, and, 
therefore, by adopting the principle of vortex 
atoms, the conceptions regarding the ether are not 
in the slightest degree changed. We thereby merely 
supplement what we have previously advanced by a 
theory which throws a light upon the structure of 
the particle, and all the practical deductions regard- 
ing the functions and qualities of the ether follow 
quite ~ Sor of the special structure of the 
particle. It is also well to observe that since the 
spinning motion of the liquid forming the vortex 
atom merely serves the p of making it elastic 
and indestructible, and this motion cannot be trans- 
ferred to matter, but remains constant, we need not, 
therefore, take this motion in‘o account at all, but 
may for all practical purposes regard the ether 
particle simply as a minute elastic indestructible 

rtion of matter moving in a straight line without 
indrance. Whether the ether be conceived to 
consist of indestructible portions of matter moving 
in straight lines in a frictionless (perfectly neutral) 
liquid, or of indestructible portions of matter moving 
in free and therefore frictionless space, cannot alter 
the conceptions in the least. We make this expla- 
nation thinking that there may be some who 
may consider the case materially altered if we 
adopt the principle of vortex atoms, Indeed, in 
going into this subject, our object has been rather 
to show that our deductions regarding the functions 
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and qualities of the ether are quite independent of 


any theory as to the ultimate constitution or/| still wish to 
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atoms to the ether) that the ether is the perfect 
liquid exterior to the vortex atoms, or that the ether 
can be simply a perfect liquid, and not of atomic 
constitution. If further proof were required against 
this —— it would be found in the observed 
fact that the ether is capable of propagating waves. 
Now a perfect liquid being incompressible and 
incapable of having its structure changed (expanded 
or contracted) in any way, could not have a wave 
developed in it ; and also since the of a perfect 
liquid when displaced laterally have no tendency 
whatever to recover their equilibrium (since the 
parts of the liquid slip over each other without 
resistance), it would, therefore, be a clear physical 
impossibility for such a liquid to propagate a wave 
at all. Secondly, from the very fact that a body 
moves in a perfect liquid without resistance, so a 
body moving in a perfect liquid cannot communicate 
energy to it (for the communication of energy im- 
plies resistance), Now it is a known fact that an 
enormous amount of energy is communicated to the 
ether in the form of waves (as from the sun for 
— le). The ether, therefore, cannot be a perfect 
iquid, if even this were the only reason taken into 
peer se _ If'even the propagation of a wave by a 
er liquid were conceivable, what physical 
_ — should determine the rate of propagation ? 
yarn Y conceivable physical condition that can 
pr roy the rate of propagation of the wave is 
ently the normal rate of motion of the indestructible 
particles which by their interchange of motion 
propagate a wave or any impulse at a constant rate 
(.e., their own normal velocity. 
13. Itis a fact established by Clausius, that for a 
Too rel bata. ihe law of ate and Gay- 
? ually occupied by the gaseous 
meron tye be very pa compared with the space 
. upied. This must, there ore, be eminently 
© case with the ether, which has an exceptionally 
density. The ether particles have, anilaon 
plenty of room to move in straight lines. The 





particles evidently need not on that account be far 
apart, on the contrary, they may be in excessively 
close proximity, under the condition that they are 
very numerous and very small, a deduction which 
may be shown to be warranted on independent 
grounds. We figure, therefore, the ether as an agent 
consisting of extremely minute particles, in very 
close proximity, very numerous, moving in straight 
lines, and rebounding from each other in all 
directions; the ether thus exerting a a and 
enclosing (in the motion of its particles) a store of 
energy available for developing those various 
motions observed in the masses and molecules of 
matter, and which motions by the rejection of the 
theory of “action at a distance,” can solely be 
referred to the action of an external medium. To 
take the important practical case of the combustion 
of coal for example, the motion developed in the 
molecules of coal can, by the rejection of the theory 
of ‘action at a distance” be no longer assumed to 
come in some mysterious way out of the coal itself, 
but must come from the external ether where the 
motion already exists. The ether, therefore, is to 
be looked to as the source of the motion in our steam 
engines, the coal merely the mechanism through 
which this motion is derived. The motion cannot 
be derived direct from the coal any more than from 
the cylinder. Motion can only be derived from a 
source where motion exists. It might also have 
been observed above in connexion with the ether 
that since its particles are in motion in their normal 
state, it is capable of affording a ready means for 
the rapid transmission of motions and actions 
between distant masses and molecules of matter. 
In conclusion we would wish to separate the de- 
ductive from the speculative part of this paper. 
The speculative part of the paper refers to the 
structure of the ether particles, a knowledge of which 
is not required for the practical deductions regarding 
the constitution and qualities of the ether and its 
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arrived at as to the constitution of the ether (treated 
more fully in the first article of this series), we put 
forward as a necessary deduction following unavoid- 
ably by the rejection of “action at a distance,” and, 
therefore, not asa ¢ or speculation at all, and 
we invite the attention of all unprejudiced students 
of science to this gee The practical importance 
of the subject in the present day, when the theory 
of “action at a distance’—already condemned by 
Newton and Faraday—is surely losing its hold in the 
face of modern progress, need not be insisted on. 


THE RAIL MILL AT CREWE. 

ABouT a year ago, when speaking of the visit of 

the members of the Iron and Steel Institute to the 
London and North-Western Railway Works, at 
Crewe (vide page 228 of our twentieth volume), we 
noticed briefly the new rail mill which had then 
just been completed, and a ere a hope that at 
some future time we should be able to publish 
further particulars. These we now give, our two- 
page engraving this week containing views of the 
ill and engine, while on the opposite page we give 
a general plan showing the relative positions of the 
mill, furnaces, &c. 
As we stated in our former notice, the mill, which 
was constructed at Crewe from the designs of Mr. 
F. W. Webb, the chief mechanical engineer to the 
London and North-Western Railway Company, is 
especially distinguished by the neatness of its arrange- 
ments and the excellence of its mechanical details, 
It is a three-high mill with rolls 26 in. in diameter, 
the engine eing coupled direct to the middle roll, as 
in the old guide mills, and the upper and lower rolls 
being driven by pinions, As the mill is employed 
only in turning out rails for the London and North- 
Western Railway Company, and two or three 
sections only have to be produced, a simultaneous 
adjustment of the rolls was unnecessary, and the 
lower roll is therefore arranged to be adjusted by 
levers and wedges, while the top roll is provided 
with the ordinary adjusting screws. 

The roughing or cogging rolls aro 4 ft. 6 in. and 
the finishing rolls 5 ft. 6 in. long, and as will be 
seen from our engravings the roughing rolls are 

rovided with rising and falling tables worked by a 
fydranlic linder fixed at top of the pinion 
housings. In our engravings these tables are shown 
in the position for receiving a, bloom from the lower 
rolls, and on this bloom being delivered they are 
raised so as to bring the mass in a line with the 
upper rolls and vice versd. 
he mill is driven by a Corliss engine with a cy- 
linder 40 in. in diameter and 5 ft. stroke, this engine 
being, as we have said, coupled direct to the middle 
roll, The — was built by Messrs. Hicks, Har- 
greaves, and Co., of Bolton, and is a magnificent 
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as a condensing or non-condensing engine, valves 
being provided for shutting off the exhaust steam 
from the condenser and discharging it into the open 
air. The air pump is vertical and is worked from 
the crosshead through the intervention of a bell- 
erank lever as shown. The general arrangement of 
the engine is so clearly shown by our engravings 
that it will be unnecessary to describe it further. 

The performance of the mill we have been de- 
scribing has been highly satisfactory. The steel 
ingots which are brought direct from the Bessemer 
pits without cogging or hammering, are reheated 
and reduced from 10} in. square to the finished rail 
in one heat, and by seventeen passes through the 
rolls, The rails, weighing 84 1b. per yard, are rolled 
in 30 ft. lengths, and the operation of rolling 
occupies 1 min. 50 sec. with the mill running at 
46 revolutions per minute, which is the present 
speed. It is intended, however, to ultimately 
accelerate the mill to 54 revolutions per minute, 
when the time occupied in turning out a rail will be 
proportionably reduced. After leaving the finishing 
rolls a series of revolving rolls in the floor convey 
the rails to the circular saw, the position of which 
is shown in the general plan on page 358. 
This saw is 3 ft. 6 in. in diameter and it is driven 
by one of Mr. Brotherhood’s three-cylinder engines 
with 9 in. cylinders, another of these handy engines 
with 4in. cylinders driving the relieving rolls. 

When cool the rails are straightened by a hori- 
zontal press and drilled for the fish plates at alter- 
nate ends by double drilling machines, the positions 
of the two drilling machines and the straightening 
machine being indicated in the general plan. The 
plant also includes a rail-ending machine as there 
shown. 

The experience with the rail mill at Crewe has 
shown that the Corliss engine is admirably adapted 
for driving rolling mills, the control of the engine 
given by the Corliss gear being perfect, while the 
gear, although it has now been running thirteen 
months, has cost nothing for repairs. e have 
been favoured by Mr. Webb with two sets of indi- 
cator di ms taken from the engine during the 
rolling of a rail, one diagram being taken during 
each pass. One set of these diagrams, which we re- 

roduce on the preceding page and which are num- 
Lased la to 17a, were taken when the engine was 
worked non-condensing. Fhe diagrams are numbered 
to correspond with the passes, Nos. la to 10a, cor- 
responding with the ten roughing passes, and No. 
lla to 17a¢ with the seven finishing passes, The 
diagrams show the engine to have developed at 
different times from 222.75 to 476.7 horse power. 
The other set of diagrams on page 358 numbered 1 
to 17 were taken when the engine was condensing, 
the powers exerted in this case varying from 202.9 
to as much as 671.87 horse power. Together with 
the diagrams just mentioned are given two others 
lettered A and B, that marked A being a continuous 
diagram taken during the ten roughing passes and 
that marked B being a similar diagram taken during 
the seven finishing s. All the diagrams were 
taken with the mill running at 46 revolutions per 
minute, and in the case of each set seventeen ingots 
were got ready to put into the mill one after the 
other as fast as possible, so as to exhaust any 
momentum stored up in the flywheel. Thus as 
the first ingot of the set went through the first 
groove of the roughing rolls an indicator diagram 
was taken, and this ingot was then rolled off in the 
regular way. Immediately on the rail produced 
from the first ingot leaving the last finishing groove, 
a second ingot was put into the mill and an indi- 
cator diagram was taken as this second ingot passed 
through the second groove of the roughing rolls. 
The second ingot having been rolled off it was in 
like manner followed by a third, the indicator 
di being in this case taken at the third pass, 
and so on with the whole seventeen ingots, The 
fact of a greaterpower being exerted on the oc- 
casion when the engine was condensing is due to 
a harder class of steel being then rolled. The 
diagrams obtained in the manner just explained are 
of much interest and show well the prompt con- 
trolling action of the Corliss gear. Altogether the 
new rail mill at Crewe is an excellent example of 
modern rolling-mill practice, and we believe it will 
be regarded with interest by a number of our readers. 


AUSTRALIAN TELEGRAPHY.—The land lines of telegraph 
extending across the Australian continent from Adelaide 
to Port in were worked almost without interruption 
during the six months ending June 30, 1876. These lines 
are under the direction of . Todd, Postmaster-General 
of South Australia. 
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The Midland Railway: Its Rise and Progress. A Narra- 
tive of Modern Enterprise. By Freprerick S. WILLIAMS. 
London: Strahan and Co. [Price 20s.] 

Tue volume before us, although it cannot lay claim 

to a professional character, is nevertheless one 

which possesses a special interest for engineers. It 
is, as its title proclaims it to be, specially a history 
of the Midland Railway, but in tracing the career of 
that line Mr. Williams has necessarily had to make 
frequent reference to contemporary schemes, and 
the work thus, to a great extent, forms a chronicle 
of railway development in the central counties of 

England. 

Half a century ago the coal mine owners of 
Leicestershire were suffering from the competition 
of the Nottinghamshire and Derbyshire coalfields, 
for the owners of pits in the latter districts were, 
owing to the facilities they possessed in water 
carriage, supplanting the Leicestershire proprietors 
in the Leicester markets, and although a branch 
canal had many years previous been made from 
Loughborough across Charnwood Forest to the 
Leicestershire pits at Coleorton, yet it had suffered 
severe damage during the winter succeeding its con- 
struction, and it had never been again brought into 
working condition. It was under these circum- 
stances that some of the leading men of Leicester 
began directing their attention to what was being 
done in railways, and ultimately Mr. John Ellis 
persuaded George Stephenson to pay Leicester a 
visit, and examine the country between that town 
and the coalfields. Stephenson expressed the opinion 
that a line was practicable, but he was at the time 
too busy to undertake any active part in its construc- 
tion, and he recommended that the work, if resolved 
upon, should be placed in the hands of his son Robert. 
This was done, and the Leicester and Swannington 
line opened in July, 1832, was the result. The open- 
ing of this line at once changed the position of affairs, 
and by giving ready transit for the Leicestershire 
coals to Leicester deprived the Nottinghamshire coal- 
owners of the privileges they had previously possessed 
and placed them at a disadvantage. The Notting- 
hamshire and Derbyshire owners at first attempted 
to combat this by endeavouring to induce the canal 
proprietors to materially reduce their tonnage rates, 
but the canal authorities declined to make so great 
a reduction as was desired, and ultimately the ne- 
gotiations fell through. Things having arrived at 
this state the Derbyshire and Nottinghamshire coal- 
owners turned their attention to railways, and 
ultimately they promoted the Leicester and Pinxton 
Railway, a project which was subsequently modified 
and extended into one for a line from Pinxton to 
Rugby. For this line—the Midland Counties Rail- 
way, as it was called—the parliamentary notices and 
were deposited in 1833, Mr. Jessop being the engi- 
neer, From financial reasons, however, the prose- 
cution of the enterprise was delayed, and in 1835 
it was considered advisable to call in Mr. Vignoles 
to examine into the plans and estimates, and, in 
fact, to become the responsible engitieer of the pro- 
posed line. Mr. Vignoles suggested several ma- 
terial modifications of the original scheme, and after 
much opposition in Parliament and elsewhere the 
Midland Counties Railway Bill became law, and the 
first sod of the new line was turned in May 1837. 
Curiously enough, however, it had been n 
in the Parliamentary contests to discard the exten- 
tension of the line up the Erewash Valley, and thus 
the very part of the scheme which led to its being 
undertaken was after all abandoned. 

Such was the origin of the powerful corporation 
of which Mr, Williams gives us the history. We 
have no intention to follow him through his record 
of the various changes of fortune to which the line 
was subjected, and, in fact, the narrative of the com- 
pany’s progress involves the consideraton of such a 
variety of interests, and the tracing out of such a 
number of ramifications, that it would be impossible 
in the space at our disposal to give anything like a 
clear account of the growth and development of the 
line. Mr. Williams, however, traces the progress of 
the undertaking in full detail, and although he is 
sometimes rather — and occupies space with 
personal anecdotes having but a minor interest, yet 
on the whole he has accomplished a by no means 
easy task in a manner which deserves every credit. 

Mr. Williams’s book is, however, not only his- 
torical ; it is in addition descriptive, and includes a 
very full and interesting account of the Midland 
line as it now exists, . Williams possesses ex- 





== 
cellent powers of description, and his accounts of 
the numerous special features of the line and of 
the incidents ae during its construction, will be 
read with very considerable interest. We have said 
that the book cannot claim to be a professional work, 
and, therefore, the accounts which it contains of en- 
poe operations are only of popular character, 
ut they nevertheless include the records of many 
facts having a special interest for engineers, and 
particularly for those who have been engaged in 
railway construction. In conclusion we may add 
that the work is an excellent specimen of typo- 
graphy, and that it is profusely illustrated by maps 
of the line, and by some hundred and fifty 
admirably executed wood engravings from drawings 
by T.S , E. M. Wimperis, and the author, 
Amongst these are a number of views of the 
a works on the last important addition to the 
idland Railway, namely, the Settle and Carlisle 
line—a line of which we have already placed par- 
ticulars before our readers, 
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NOTES FROM THE NORTH. 
Giaseaow, W: y: 
Glasgow Pig-Iron Market.—On receipt of somewhat 
reassuring intelligence regarding the Eastern Question, 
the Glasgow pig-iron warrant market became firmer last 
Thursday. A good business wag done in warrants during 
the forenoon at 56s. 1}d. to 56s, 4$d. cash, closing sellers 
56s. 44d., buyers 56s. 3d. prom: The market was still 
firmer in the afternoon, and 56s, 4$d. cash was paid, buyers 
over, sellers 56s. 6d. 
tinued firmness, and business was done in warrants at 
56s. 7d. cash, 56s. 7}d. and 56s. 9d. one month open, closi 
sellers 56s. 7}d. prompt, buyers at same price ome mon’ 


open. There was a quiet market in » with 
buyers at 56s. 4$d. cash, sellers 563. 73d. On 
forenoon when business was resumed, ions 


» Some 
took place at 56s. 9d. one month fixed, the market 
with sellers at that price, and at 56s. 74d. cash, buyers 
56s. 6d. prompt. The market was s in the afternoon, 
and business was done at 56s. 73d. , and 56s. 9d. one 
month open, buyers at the close 56s. 6d. cash, sellers 
56s. 73d. There was again a steady market yesterday 
forenoon, with business done in warrants at 56s. 6d. cash, 
and 56s. 7d. one month, closing sellers 56s. 6d. prompt; 
buyers offering the price with fourteen days to pay. 
the afternoon the market was quiet at the forenoon prices, 
but no business was reported. Messrs. Merry and Cun- 
inghame announced a reduction of 6d. per ton on the price 
of their Nos. 1 and 3 Glengarnock and Carnbroe. me 
other brands were also reduced in price last week. The 
market was very firm this forenoon, but little business was 
done. Warrants changed hands at 56s, 74d. cash, closi 
buyers over, sellers 56s. There was also a firm mar 
in the afternoon, buyers 56s. 74d. cash, sellers 56s. 9d. Last 
week’s shipments amounted to 10,278 tons, as i 
8108 tons in the corresponding week of last year. Messrs. 
Connal and Co.’s warrant stores now contain abont 
95,000 tons of pig iron, and the stock is being increased 
about 200 tons per day. There is not ee yromert now of 
the price of pig iron going any , a feeling has 
arisen among the outside public that iron is as good 4 
investment as can be found for the money that abounds i 
the country. 

The Scotch Blast Furnaces.—Messrs. William Baird and 
Co. have blown out one of thei Gartsherrie blast furnaces 
for repair, and the total number of blast furnaces in opera- 
tion throughout Scotland is now 118 as against 116 at the 
same time last year. 


The Coal Trade.—No material ¢ falls to be re- 
ported regarding the Scotch coal le, but prices are 
certainly becoming firmer. There has been a fair amount 


of inquiry for the home and foreign markets, both for house 
coal and steam coal, and a few good orders for the latter 
have been closed. The following are the quotations, free 
on board, at G Harbour cranes : W: ham Main coal, 
7s. to 7s. 6d. per ton ; 8s. 6d. to 11s.; splint 
coal, 8s. to 8s. 9d. ; steam coal, 9s. 3d. to 10s. 9s. ; smithy 
coal, 13s. 6d. to 14s. Many large shipments to fo: 
ports have recently been despatched from the Clyde. The 
demand for coal in the export trade from Fife is very good, 
and vessels at Burntisland, Charlestown, and Tayport are 
plentiful. ™ home inquiry Ss Py limited, vcaaly — 
partment is there any prospec’ an improvement in 3 
The shipping trade will be much restricted after this month, 
and the likelihood is that the pits will not be able after 
that to dispose of all the presen’ output in the home 
market, and short time is looked forward to as p 
certain. In the mean time the miners are working f 
time steadily. 


New Coalfield near Airdrie.—Operations were commenced 
this day week with the view of opening out a new coalfield 
at Westburn, near Airdrie, by Messrs. Russell and Adam, 
of that town. This coalfield extends to about 50 acres, and 
at least three good workable seams will be got at very 
moderate depths. The Ell seam is e at 41 fathoms, 
and 5 ft. in thickness ; while the main and hard coals are 
expected {at depths of 48 and 65 fathoms respectively. 
Irrespective of what may be wrought underneath these 
three seams, the Westburn field is calculated to yield about 
1,050,000 tons of coal, the working of which will give em- 
ployment to a large number of miners for some years to 
come. 


_ Institution of Engineers and Shipbuilders.—The open 
ing meeting of the twentieth session of this Institution was 
held last night. A large number of new candidates for 
membership were elected, including persons resident in 
Glasgow, licen Londonderry, Sunderland, London, 
Australia, &. The Institution Medal was presented to 
Mr. Hector Maccoll, for his paper on ‘* The;Strength of 
Cylindrical Boiler Shells,” read during the session 1874-75 ; 
and the Marine Engineering Medal was presented to Mr. 
William Denny for his paper on “‘ The Difficulties of Speed 
Calculation in Ships’ Trials,’ read during the same session. 
The inaugural address of the new president, Mr. R. Bruce 
Bell, C.E. (of Messrs. Bell and Miller, Glasgow), was after- 
wards delivered. It was of a very comprehensive and in- 
teresting character, and dealt with the origin and progress 
of marine engineering and shipbuilding on the Cylde, the pro- 
fessional education o engineers, and the progress of several 
departments of civil engineering both at home and abroad. 
Mr. Bell’s remarks were attentively listened to by a very 
large audience. On the motion of Professor James 
Thomson, C.E., a A Agen vote of thanks was awarded 
to the president for his excellent address. A short dis- 
cussion subsequently took place on a paper read last session 
by Mr. Ebenezer Kemp, on “‘ The Compounding of Loco- 
motive and other non-condensing Engines.”’ 

Association of Engineering and Shipbuilding a 
men.—On Thursday evening the opening meeting of the 
new session of this association was Mr. 


Smith, president, in the chair. The report of the past 


On Friday forenoon there was con- | 20,000: 


session having been read and approved of, the president 
delivered hie bamenanatadivanns 

Destructive Fire at a Clyde Shipbuilding Yard.—On 
Tuesday evening a most destructive fire broke out at the 
works of Messrs. Lobnitz, Coulborn, and Co., shipbuilders 
and engineers, Renfrew, successors to the late firm of 
Messrs. Henderson, Coulborn, and Co. It was the largest 
fire that has ever occurred in the ancient and royal burgh 
of cr the damage being probably upwards of 


? 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MiIppLEsBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday the attendance 
on ’Change at Middlesbrough was larger than usual, but 
in the amount of business transacted was very limited. 
The market was weaker, the prices being based upon No. 3 
Cleveland pig selling at 46s. per ton. It is not expected 
that there will be any material change in the prices of pig 
iron this year. 

The Finished Iron. Lrade.—There are no signs of im- 

ee ge ye the mul & trade in the pone tee This 
ranch of indus’ ‘or years of great im 
to the Cleveland disteict, and it is matter for deep regret 
that it is at -present in such a depressed condition. Some 
evil prophets go 8o far as to predict that the iron rail trade 
will never eee eae as it has been in the past. It 
is thought that steel rails will supersede iron rails. But 
should this ultimately be the case there is no reasons for 
the people of Cleyeland to despair. Plant will be altered, 
and steel rails will be made in this great iron-producing dis- 
trict. Already Messrs. Bolekow, Vaughan, and Co., of 
Middlesbrough, are constructing at Eston what will be one 
of the largest steel works in the world. And the question 
of ing steel rails from Cleveland pig iron*at a cheap rate 
is receiving the most careful attention of some of the 
cleverest chemists and metallurgists of the age. 


The War and Trade.—The war in the East interferes 
seriously with business. People are unsettled and appre- 
hensive. Everybody expects that the shifting panorama in the 
East will unhinge trade so long as the war lasts, and it is 
feared by many that the end will not be seen without a 
European conflagration. 

Shipbuilders and Engineers.—Shipbuilders and engineers 
on the north-east coast are busier. 

The Board of Arbitration for the North of England.— 
The operative members of the Board of Arbitration are at 
present having a deal of trouble with some of their 
members and officials of their union. The Board been 
beneficial, wages pees and other differences having been 
amicably settled without any general stoppage of 5 

Opening of the Red h Gas Works at Newcastle-on- 
Tyne.—The Newcastle and Gateshead Gas Com » who 
have for a number of years supplied a great portion in- 
habitants of Tyneside with gas, opened their new works at 
Redheugh on Tuesday. These new works will cost about 
100,000/. 

The Firing of the 100-ton Gun.—The new Italian 100- 
ton gun was successfully fired on the 23rd jinst. It will be 
reco that this great gun was manufactured Si 
William Armstrong and Co., at the Elswick Works, New- 
castle-on-Tyne. The has been fired with a charge of 
wader and 2000 lb. of shot. The hydraulic 
apparatus for working the gun is a great success. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Proposed New Railway for Hull.—It has long been 
proposed to take the necessary steps for securing the con- 
struction of a second line of railway to the important port 
of Hull, which is exclusively served by the North-Eastern 
Company, with the exception of the water communication 
carried on across the Humber from New Holland by the 
Manchester, Sheffield, and Lincolnshire Company. Hitherto 
these schemes have proved abortive, owing to the strong 
opposition of the North-Eastern and the want of unity 
amongst the promoters. It is now stated, however, that 
the plans and arrangements are all complete, and that an 
application to Parliament will be made this year. The pro- 
moters are said to be, for the most part, wealthy West 
Riding merchants aided by Hull gentlemen. Itis rumoured. 
also, that the scheme will not Se copeced by the Midland 
Railway Company, which has been strongly pressed to in- 
vade the district now solely served by the North-Eastern. 


Profits of the Leeds Corporation Gas Works.—It is stated 
that during the year ending June 24th last the working of 
the Leeds Corporation Gas Works left a profit of 22,000/., 
after spending 5000/. in renewals and adding 9000/. to the 
reserve fund. The price of gas has since been lowered by 
sixpence per thousand feet. 


Contemplated Improvements at Leeds.—On Monday the 
Leeds town council met specially in order to discuss. various 
matters relating to proposed new street, &c., improvements- 
It was agreed to go to Parliament for powers to get an Im- 
provement Bill for the enlargement of the Eccup Water 
Works reservoir, to purchase property for widening some 
of the streets, to effect certain specified sanitary improve- 
ments, and to extend the Corporation Gas Works. The last 
named project alone will cost it is estimated something like 
300,0002. 

The New Rails on the South Yorkshire Railway.—The 
process of laying down an additional line of rails on the 
whole length of the South Yorkshire Railway from Chapel- 
town to Aldham Junction, near Barnsley, has now been 


ir | view in all its c' 


a 
under the active superintendence of Mr. Anth Lough 
oan at Sheffield), and has since its ctatgiotion 
been by Mr. Charles Sacré, chief engineer of the 
company, Manchester. 





r ere Ens THE SOUTH-WEST. 
vonmow ck.—Water was on Th admitted to 
the locks of the Avonmouth Dock. There ants now 24 ft. of 
water on the lower sills of the locks, or 8 ft. more than could 
be obtained in Cumberland basin. The dock gates, which 
are of unusual proportions, stood the test satisfac- 
torily, to be almost quite water-ti ht. - Practically, 
the work is now finished, and if the directors 
resolve to open the docks this winter, they may do so in 
four or five weeks time. A piece of wall which fell down a 
short time ago is nearly rebuilt. 
in South Wales.—The South Wales colliers 

who, some months ago, started a colliery on the co-opera- 
tive system, have failed even more disastrously than their 
brethren in Derbyshire. A colliery near Pontypridd, which 
the men om so to work with a very small capital, has 
been a failure from tite outset, and the colliers are appeal- 
ing for subscriptions to enable them to resume the co-opera- 
tive ‘‘ experiment.”’ 

one New Lighthouse.—A voluminous correspon- 
dence taken place between the Bristol Chamber of Com- 
meree and the corporation of the Trinity House with re- 
ference to the question of placing a lighthouse either on 
Morte Point or Bull Point in the Bristol Channel. The 
Cardiff Shipowners’ Association has also taken the matter 
up, and they, as well as the Bristol Chamber, are of opinion 
that Morte Point is the most desirable spot for a lighthouse, 
although the cost will be very large. 


The Bacchanté.—The Bacchanté, iron cased with wood, 
was launched from Portsmouth Dockyard on Tuesday. 
Her length is 317 ft., and breadth, 40ft., displacement, 
4010 tons ; nominal horse power, 700. 


The Price of Tin.—The Cornish smelters have raised the 
standard for tin 21. per ton, thus making superior common 
70s., and superior fine 71s. per ewt. 


Trade at Newport.—The trade of this district is on | 
to show — of greater animation, and prospects o' 
brighter times are visible. There is a good demand for 
steam coal, but prices are unchanged. 


Wye Valley Railway.—The imental opening of the 
Wye Valley Railway between tow and Monmouth 
took place on Th y- Thescheme was authorised as far 


back as 1866, but the works were not actually commenced 
till the of 1874; since that time they have been pro- 
ceeded with continuously. For a short distance after leavi 
Chepstow the line runs h some deep cuttings, but 
after that it takes in some of the most charming scenery in 
South Wales. The first station is at Tidenham Hill. 
nder Denhill is a tunnel, 1120 yards in h, cut through 
carboniferous limestone ; and ha’ regard to the nature 
of the work, the boring was accomplished in a short time. 
The work was continued and day, and with the aid of 
the best machinery the men were able to advance through 
the rock at the rate of 
this tunnel t 


two yardsa day. Onemerging from 
he co nega valley of the Wye bursts on the 


c . The grand old ruins of 
Tintern Abbey are seen to the advantage just about the 
place where line crosses the Wye by an ornamental 

er bridge. A junction line has been constructed over the 

ye near the abbey to Tintern Abbey Wire Works (cele- 
brated for the uction of charcoal wire), the extensive 
woods ¢ of Beaufort, which adjoin, providing the 
means of producing the charcoal. The line sti to 
the valley, skirting the Wye, through the villages of Brock- 
weir, Llandogo, and Bigsweir, and at the last-named place 
there is a station to accommodate St. Briavels. The route 
thence is by the Whitebrook Fapet Mills to brook, 
where there is another station. At the last-named place 
there are tin-plate works, flour mills, and a foundry. For 
its size the place is quite bustling, and the o of the 
new railway will dou s still further p its trade, 
The next stopping place and the last is Monmouth, the 
igesney ending in the centre of most delightful scenery. 

he construction of the line has been somewhat 3 oy 
owing to the nature of the geological formation of the dis- 
mies, more esvenielly Metal rl Vieeseon and —_- 
There are a couple of heavy cos’ over 
Wye, but, on the whole, the work es Ang A ce and 
Monmouth was considerabl —_ than in the earlier pari 
of the route. The line is about 15 miles in length, and the 
total cost was about 300,0001. The engineers were Messrs. 
Yorkney and Son, London. The contractors were Messrs. 
Reed Brothers, London. At present the line is. single 
throughout, but in the construction of the b and 
roads provision has been made for laying down another set 
of rails whenever es ! may be wanted. Power has been 
taken to construct a loop line at Monmouth, co as to bring 
the station nearer to the centre of the town. It is also 
contemplated to carry the line to the water’s edge at 
Chepstow, with a view to developing the trade of that port, 
The line has been inspected by the Government inspector 
and will be opened for traffic November Ist. It is intended 
at first to run five trains each way per day. 


~ 
Forest of Dean.—The coal trade is slowly recovering, 
and asa sign of improvement there are now additional 
trains employed in working the increasing traffic in this 
commodity. At the local ports there are signs of increasing 
activity. Prices remain in statw quo, and at present there 
is no prospect of any alteration in quotations. With regard 








completed, and the rails will be brought into use on Sunday 
the 39th inst. The work has been done by the company 





to the iron trade of the district, although no particular 
order were booked at the quarterly last week, there 
are inquiries for pig iron, and prices are One of the 
district firms is on application, sending of pig iron 
to France and Belgium. 
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WEATHERHOGG’S 


We illustrate above an arrangement of vertical engine 
fitted with a form of balanced slide valve, which 
has been designed and patented by Mr. G. W. Weather- 
hogg, of 274, Strand, Wc. and which includes some 
features deserving notice. As will be seen from our en- 
gravings, the standard of the engine is of curved cylin- 
drical form, having suitable openings formed in each side 
to allow access to the working parts. It is bolted upon 
& separate square or cylindrical casting, which forms a 
water base through which the exhaust steam is passed 
for heating the feed water. 

The crankshaft works in universal bearings, the con- 
struction of which is somewhat novel. The outer frames 
of the bearings are cast on the standard and have adjust- 
ing pieces with screwed ends, which pass through the 
standard and are held in position by lock nuts. A similar 
upper adjusting piece is also made to slide within the 
frames. Both the top and bottom pieces are cylindrical 
on one side and fit upon the gun-metal bearings, the whole 
being held down by a cap-piece and studs in the usual 
manner. The bearings are made somewhat less than the 
inner sides of the frames, whicl pérmits of the crankshaft 
working out of line without heating. 

One other peculiarity in the engine is the slide valve, 
which is perfectly balanced under all pressures; it is 
readily adjusted and will, without the aid of cylinder 
cocks, relieve the cylinder from any back pressure occa- 
sioned by priming, the balancing being accomplished by 
the application of a wedge formed on the valve spindle, 
the principle of which has already been fully illustrated 
and described on 168 of our last volume. The 
steam chest here shown is cylindrical and steam jacketted 
along with the cylinder. The slide valve has two seg- | 
mental faces turned to fit the chest ; one face works upon | 
the es in the usual manner, whilst the other forms | 
the balance and regulating plate by the use of which the | 
throttle valve is dispensed with. Steam is taken direct 
through an opening in the centre of the steam chest from 
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the boiler, and passes through an elongated opening in the 

| balancing plate. The valve spindle passes through the 
upper end of the steam chest and is connected to the 
| governor lever by gearing as shown, which gives a slight 
| rotation to the valve and balancing plate sufficient to re- 
| gulate the admission of steam to thecylinder. Therotating 
motion given to the valve prevents cutting of the valve 
faces, and gives a smooth glassy surface to the valve and 
cylinder facings. A centre-weight quick-speed governor 
is used, the standard for it being cast on the steam chest. 
We also illustrate by Figs. 4, 5, and 6 an arrangement 

of expansion valves which Mr. Weatherhogg has lately 
designed and patented. The arrangement consists in 
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using two cut-off plates, A A, placed on the back of an 
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ordinary slide valve, the latter having straight steam 
passages of the usual form. The cut-off plates move in 
a line parallel to the valve spindle, and are prevented from 
having any lateral motion by stop plates or guide frames, 
formed on the back of the main valve. The plates are 
connected together by means of a hollow T-ended wedge 
or cone ©, which slides in channels or grooves cut in the 
plates. Upon the cut-off valve spindle is keyed a pinion 
gearing into a rack cast on the inner side of the wedge or 
cone. The pinion serves as a driver for the cut-off plates, 
and also has a slight turning motion along with the 
valve spindle imparted to it by the action of the 
governor, which causes the cut-off plates to be drawn 
towards or recede from each other, by which means the 
steam is cut off earlier or later, according to the purposes 
for which it is needed. The plates working in the guide 
frames, as shown, have a provision made for wear, and 
are nearly in equilibrium (a great desideratum towards 
obtaining a quick and sensitive action) and may be con- 
structed to cut off the supply of steam either with their 
inner or outer edges. When the former plan is adopted 
the T-ends of the wedge slide in grooves cut through 
the centre of the valves. It will also be readily seen that 
this method, occupying but little space, is equally ar- 
plicable to double-cylinder engines. 
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SPRING-LOADED SAFETY VALVE. _ 
THE ARSENAL OF CONSTANTINOPLE. Ws illustrate below a very neat arrangement of 





We gather from the pages of our contemporary the! 
Revue Maritime et Coloniale, some interesting information 
about the arsenal of Turkey at Constantinople. 

This arsenal is situated on the Golden Horn, upon an 
area between the shore and the foot of the belt of rocks, the 
heights of which form the faubourgs of Pera. The estab- 
lishment is divided into two parts by a road communicating 
with the caserns and the town. Behind an esplanade, on, 
which is the building containing the Admiralty offices, is 
the old arsenal, consisting of workshops and stores arranged 
in two lines parallel to the shore. When the navy was 
transformed and steam power became generally adopted, 
only some small repairing shops were erected; but when 
the Turkish Government decided upon creating a powerful 
ironclad fleet it became necessary to establish facilities for 
construction and repairs on a very considerable scale, and 
lately there has been organised an extremely remarkable 
series of works. All classes of work connected with the 
navy can be carried out at the new arsenal, which is large, 
well arran; and a very complete and very 
modern plant. Considerable want of judgment, indeed, 
has been shown in the selection of the machine tools, many 
of which will probably be never employed. The workmen 
are all Turks, and leave little to be desired; nearly all the 
foremen speak English, and there are five English 
mechanical engineers at the head of the establishment. 

With the exception of these new works the arsenal offers 
little to interest. There are five building slips, the largest 
of which, for armour-clad frigates, is covered, the other 
four are open. By the side of the quay is moored an old 
wooden floating dock. The arsenal possesses a system of 
iron tramroads, but it is now entirely unused. There is one 
80-ton tripod shears of English manufacture, consisting of 
ofie long iron mast and two struts jointed at the feet; the 
bottom of the mast is connected with a screw worked by a 
steam engine, and running in guides built into the masonry. 
The traverse of the foot of the shears is about 30 ft. 

The depéts distributed around the arsenal appear to be 
very poorly provided, with the exception of the timber 
stores, which are considerable. The wood is all placed 
within vast sheds, and is classified with great care, accord- 
ing to the ships for which it is to be employed; for the 
most part it consists of Anatolian oak, apparently of first- 
rate quality. 

The number of workmen employed in all is 3000. The 
new arsenal comprises the repairing docks, saw mills, block 
factory, and wood-working shops. The docks are cut out 
of the rock, and one of them is remarkable both for its 
width and depth. At the present time the dock opposite 
the Admiralty is being lengthened. 

The dimensions of the docks are as follows: 

















_ Large Dock. Small Dock.| Old Dock. 
ft. in. ft. in. ft. in 
Length ... 380 6 255 1 400 2 
Width at top . 71 0 57 1 60 0 
Width atinvert...) 65 8 41 10 51 10 
Draught of water} 34 29 0 27 0 
The prices for vessels entering and remaining in dock are 
as follows - 
2 
For the first day .. 92 
Each subsequent day 23 


The block factory is provided wholly with an English 
plant, and the work turned out is of excellent quality. The 
Turkish marine possesses besides the Constantinople arsenal, 
two workshops at Ismith and Gemmelich, on the Sea of 





Marmora. At Ismith there is moreover a plate-rolling mill, 
The capacity of the Constantinople arsenal is very consider- | 





able. What is wanting, however, is a sufficient number of 
active foremen and mechanics to direct and control the 
native labour ; with 800 or 400 European workmen, it would 
become a first-class establishment. 

The accompanying diagram shows the arrangement of 
the establishment. The letters and figures upon it have 
the following references: Principal arsenal. 1. Entrance. 
2. Ropefactory. 3. Stores. 4. Loading stage, masting aud 
carpenters’ work. 5. Timberstores. 6,6. Stores. 7. Brass 
and copper work. 8. Shears. 9, 9. Stores. 10. Sail 
factory. 11. Miscellaneous shops. 12. Old building to be 
removed. 18. Covered building slips. 14, 15. Building 
slips. 16,17. Workshops, 18. Forges. 19. Steam ham- 
mer. 20. Rolling mills. 21. Fitting shop. 22. Foundry. 23. 
Caserne. 24. Docks (in course of extension). 25. Small 
dock. 26. Large dock. 27. Small fitting shop and 
pumps. 28. Block factory, saw mill, &c. 29. Pumps 
and depét. 380, 30. Entrance. A. Naval bureau and 
offices. B. Caserne. C. Place d’Armes. D. Mosques 


E. Naval school. F. Naval hespital. G. Enclosing wall. 
I. Corps de garde. K. Old floating dock. L. Provision 
depét. 


The fleet, in and out of commission upon the Bosphorus, 
is considerable, and includes a large number of paddle-wheel 
boats. Besides the armour-clads, the Turkish Admiralty 
has 14 fast despatch boats, with a speed of 13 or 14 knots. 
Turkish coal only is employed. It appears that this fuel, 
beyond the inconvenience of making considerable smoke, 
gives excellent results. The Compagnie Messageries Mari- 
times employs it largely. 





RaILways In SourH AusTRALIA.—We notice that the 
South Australian Government, through the agent here, are 
—e tenders for 350 miles of new railway works, to be 

out next year. 





TELEGRAPHIC ExTEension.—In the six months en 
June 30, 1876, the Eastern Extension, Aust 
China Telegraph Company (Limited) ‘made the following 
outlay on capital account: Final payments New 
sling the opete ot sations t tare and w South 
0} ms ai ew 
Wales, and Nelon New SOL.» cet payment 
under er Rangoon and Dsl plas non): cost of 
Edinburgh steamer and stores, 15,000U. ; spare cable and 
other stores, 10,360. 





revenue of 


TELEGRAPHY IN FRance.—The wepees § os 
is rather a 


France in 1877 is estimated at 640,000/ 
meagre total for a populous and rich country like France, 
but it is readily explainable by the fact that telegrams are 
still almost unknown luxuries to the great mass of the 
—— ky Thus in 1874 the aggregate number of 
——— in France did not exceed 8,500,000, 
that, , on an average, each inhabitant 
one despatch every four years. Even 
in Paris the number of forwarded in 1874 did 
not exceed 1,800,000, or ae check tan oar tatinin, 0 ena 
inhabitant. 


Tax Unirep States Navy.—A Board of United States 
naval officers, appointed, in moene™ |} of an Act of Con- 
» toi yards of he into the nil, and 





loaded safety valves designed by Mr. Martin Martin Atoc the 
locomotive superintendent of the Midland Great Western 
Railway of Ireland, on which line the valves are in use. 
As will be seen from our engraving the cas forming 
the ental yeiee seat is fitted with a pair of valves bear- 
ing on rather wide flat faces, the valves slightly overla; 
warn faces as shown. Between the valves is a stan 
rming the fulcrum for a lever, between the ends of which 


~~ the vas sta prings ar interposed, These springs 


a dias — 





terminate in points which bear in recesses in the valves 
and lever respectively, the point at which the spring 
bears in each valve being below the level of the valve 
face as shown. When desired the lever can be extended 
as shown in the dotted lines at aso as to be convenient 
for easing the valves. 

The amount of compression of the springs and conse- 
quently the load on the valves can be adjusted by means 
of the washer beneath the collar on the fulcrum standard, 
but when once so adjusted the load cannot be increased 
without taking the whole arrangement to pieces, and it is 
thus little liable to be tam with. The whole arrange- 
ment is exceedingly neat and simple, and its performance 
in practice is highly satisfactory. 





PRESERVATION OF TIMBER WITH SALTS 
OF COPPER.* 
By M. Rorrizr. 

1, Woop impregnated with copper will not last under- 
ground for an indefinite time.’ However carefully prepared 
it decays after a longer or shorter interval. This fact admits 
of ready explanation 

Under the influence of certain wood so prepared 
gradually — with the small quantity of copper fixed in 
its tissues, to the pressure of which its antiseptic powers 
were due. So long as the wood contains a certain propor- 
tion of copper, it resists decay; when the copper is no 
longer there it is in pretty much the same condition as un- 
prepared wood, and speedily decomposes. This is clearly 
shown by the following experiment : 

Some thin slips of soft poplar-wood were carefully dried 
and afterwards impregnated with a solution of pure copper 
sulphate, containing 1.5 gramme of crystallised sulphate of 
copper per 100 parts of water. It was not found necessary 
to resort to pressure, as the wood being very thin, mere 
immersion sufficed for its thorough impregnation with the 
antiseptic fluid. The strips were washed several times in 
plenty of water, and dried. Some were then set apart for 
analysis, and others buried in a box filled with ordinary 
garden mould kept continually moist by repeated waterings. 
The annexed Table shows the results : 











at 
— ii 1 Fj Remarks, 
Bi 
eran 0 | 0.00410 
and dried 68 | 0.00250 Wood still perfectly 
Lgremmaoet wonkee 7 | o.cemms neces 
Tae. 179 | 0.00170 |W od nor, on 














Here we see, as plainly as it can well — shown, that the 
preservation of the wood was due to the presence of the 
cupreous sulphate ; by degrees, as it parted with this me- 


and | tallic salt, it decayed. Now let us consider the causes of 


removal of the copper. They are three: 1. The presence 








* Communicated to the Académie des Stiences de 
ue, 
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of iron. 2. The presence of certain saline solutions. 3, The 


presence of carbonic acid. 


To a Belgian engineer, 


the credit of having first called attention, some years ago to 
the action of metallie iron on timber prepared with salts of 


copper. 
The researches of Kuhlmann, Themard, and Hervé 

Mangon on this point (C 

Science, 1859) appear 


further experiments unnecessary. But it was though 


desirable to ascertain the point at which the presence of 
iron in cupreous solutions becomes detrimental to the anti- 


septic properties of wood. 


A certain number of thin slips ‘of wood of the same size 
were prepared with solutions of copper sulphate containing 


different proportions of sulphate of iron. ‘The length o 


annexed Table shows the results: 














‘ : > 
a = Composition of Solutions = "a 
%.41 = employed. os ° 

| 3 BS 
£ : $ : f | 
. Cu. So, | FeSo, £83 
Z — | 5H,O.| 7H,0.| H,O | 2~~ 
grams. | grammes mmes, | grammes.| days. 
1 0.25 0.00 0 100.00 
2] 0.25 0.50 1.00 100.00 83 
3] 0.22 1,00 0.50 100.00 97 
4/ 0.22 1.20 0.30 100.00 100 
5 | 0.22 1.30 0.20 100.00 103 
6| 0.19 1.40 0.10 100.00 103 
7; 0.19 1.45 0.05 100.00 108 
8! 0.18 1.48 0.02 100.00 109 
9! 0.20 1.49 0.01 100.00 109 

10; 0.23 1.495 0.005 100.00 110 

11 | 0.20 1.50 0.00 100.00 109 

12 | 0.25 1.46 0.04 100.00 100 

13 | 0.24 1.48 0.02 100.00 100 

14 0.26 Strip not prepared. St 

















In all these experiments, the wood was in every case en- 
tirely rotted, so that it could not be drawn out of the soil 
without crumbling. Very exact analysis was, therefore, 
impracticable, and but little importance should be attached 
to minute differences in the results. An examination of the 
last Table shows : 

1st. That sulphate of iron has a certain antiseptic power, 
which is, however, much inferior to that of sulphate of 
copper. 

and. That samples of wood prepared with different solu- 
tions containing the sulphate of iron and copper together last 
about the same time, unless the sulphate of iron is present 
in very large quantity. 

8rd. That there is no reason to give the preference in 
wood-preserving to chemically pure copper sulphate over the 
ordinary sulphate of copper of commerce. 

M. Boucherie has advanced a contrary opinion. He 
asserts that cupreous sulphate containing 5 or 6 per cent. 
of sulphate of iron should be rejected altogether, and that 
in wood-preserving only copper sulphate, which has been 
suitably purified, should be employed. 

Without entering upon this question, it may be well to 
recall the experiments of Payem, on the wood of an 
ancient wheel found, some years ago, in the Sao Domingo 
copper-mine in Portugal. This wheel was in a perfect state 
of preservation after having lain for fourteen centuries in 
water impregnated with the sulphate of copper and iron, 
and containing a notable proportion of the sub-sulphate of 
these metals.—(Comptes Rendus, vols. 57 and 58.) 

Certain salts have an injurious action on wood im- 
pregnated with sulphate of copper. When wood so prepared, 
after washing in distilled water, is plunged in a solution of 
the chloride or carbonate of soda or of carbonate of potash, 

it will be found after the lapse of a certain time, that these 
solutions contain a notable percentage of copper. On the 
other hand, if preparation of copper in the wood be deter- 
mined before and after an immersion of varying duration, it 
will be found to decrease steadily in proportion to the length 
of the immersion, This explains the failure of all attempts 
to protect timber against the action of sea-water with sul- 
phate of copper. The salts in the sea-water enable it 
rapidly to dissolve out the copper from the woody fibre. So 
long as the copper is present in the timber, the latter is 
spared by the marine mollusca; when the greater portion 
of it is washed out, the wood speedily succumbs. This was 
proved by exposing a piece of beech-woo:l thus prepared to 
the action of sea-water for a given time. Qne part of the 
wood was untouched ; the other was deeply eaten away by 
the borer. A sample of the wood weighing 2.5 grammes, from 
the untouched part was found to contain 0.01140 gramme of 
sulphate of copper; a sample of equal weight from the por 
tion attacked contained 0.00015 gramme only. To a similar 
cause most likely is due the rapid decay of sleepers pre- 
pared with sulphate of , when laid in tunnels in cer- 
tain soils, in those of a icareous nature more especially. 
The water filtering through these soiis very possibly becomes 
charged with certain salts (bi.carbonate of lime, &c.), which 
like sea-salt, carbonate of soda, and others, have the pro. 
Loy of carrying off the copper from wood prepared there- 
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carbonic acid and so extracted from the wood. The expe- 


should be confirmed, the practical importance of the de- 
duction is sufficiently obvious.” 
Experiments were next made to ascertain whether pure 
water also exerts a solvent action on the cupreous combina- 
tions contained in wood prepared with copper sulphate. 
1st. Inan open vessel filled with distilled water were placed 
some slips of wood prepared with copper and carefully 
washed. The mouth of the vessel was covered with a pane 
of glass to prevent evaporation, and left exposed to the light 
for a considerable length of time. Portions of each strip, 
about one-fifth of the superficial area of each, were cut off 
before immersion to serve as standards. Similar test-pieces 
were cut off from the slips at the end of 7, 13, and 19 
months’ immersion. 
r. ee 4 Grammes. 
e average proportion of copper in mme 
of as elo wood sates baaatiion was 0.0073 
The average proportion of copper in 1 gramme 
of the prepared wood after 7 months’ im- 
PO nen helenae bev 1 a, ibe 
@ av ro ion of co in mme 
of Sepak we wood after 3 mente’ im- 
—— eee a ao les 
ave TO on of co in me 
of ewe a meal rig sasatinet ite 
mersion in distilled water _... ote 0.0054 


The action of the water was thus clearly manifest ; but 
then the question arises, was the solvent power exerted by 
the water itself, or by a small proportion of carbonic acid 
which may have been present therein? Too much stress 
must not be laid on the result of a single experiment; but 
the latter supposition would account for the close equality 
of the copper in the last three tests. 
2. Distilled water was boiled in a glass receiver so as to 
expel the gas. Slips of prepared wood, similar to those 
used in the previous experiment, were immersed in the 
water, which was again boiled, and the neck of the re- 
ceiver sealed with the blowpipe. After 200 days it was 
opened, This water contained 0.0002 gramme of copper. 
Even in this case, however, it must not be too hastily con- 
cluded that the solvent action really was exerted by the water. 
Even after long boiling, water is wonderfully retentive of 
small quantities of carbonic acid. And, again, if the wood 
was not thoroughly and uniformly saturated with the 
copper, the smallest fragment that had escaped impregna- 
tion might have supplied a certain volume of carbonic acid 
to the water. In any case, the foregoing experiments 
prove that the action in such cases is extremely slow. 

As timber prepared with copper is liable to decay when the 
proportion of the latter contained in it becomes very small, 
it appears probable that its duration might be prolonged by 
fixing a larger quantity of copper in the ligneous tissue. 
Let us now see whether experiment confirms this sup- 
position. 

“The ordinary method of preparing timber does not permit 
of the solution of the question; wood plunged in a solu- 
tion of copper sulphate takes up a pretty nearly constant 
quantity of the metal; and that quantity is very small. 
Special pr are requisite to introduce larger quantities 
of the metal into the tissues. The following have given 
satisfactory results. 

Ist. Acetate of Copper.—The tendency to fix themselves 
in ligneous fibre is displayed in different degrees by different 
copper salts. The acetate is specially noticeable in this 
respect. Slips of wood impregnated with acetate of copper 
were found to contain 0.0104 to 0.0170 gramme of copper 
per gramme of wood; whilst those prepared with equal 
weights of sulphate contained only 0.006 to 0.007 gramme 
of copper per gramme of wood. 

2nd. Use of Organic Substances.—Some organic sub- 
stances act in respect of the salts of copper like mordants on 
dye-stuffs—they assist the absorption and fixation of the 
copper by the ligneous fibre. The two organic substances, 
which were found to give the most remarkable results, were 
indigo and catechu. 

8rd. Heating of the Wood.—When slips of wood pre- 
pared with a solution of copper (acetate or sulphate, &c.), 
on their withdrawal from the bath are exposed to a high 
temperature, they appear to assimilate and retain in an 
insoluble form, a somewhat larger proportion of copper than 
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“ Take,” he says, “some woed sawdust impregnated ! : 
with copper sulphate, and wash it repeatedly until the | Strips of wood prepared with copper sul- 
presence of copper in the latter can no longer be detected os ve es 
with ferrocyanide of potassium. Throw this sawdust, out Strips of wood prepared with copper sul- 
of which all the copper has apparently been extracted, into 4 

ordinary aérated water, that is to say water highly charged Strips of wood prepared 
time the wood remained sound in each case was noted. The/| with carbonic acid, and leave it there for awhile. The ; i with a gos 
water is found to show traces of copper. How has this come Strips of weed 9 ° Seg gmaaees 
to pass? We may be permitted to surmise that the oxide Strips of wood prepared with acetate, 
of copper has become dissolved under the influence of the : 


riment requires to be repeated; but if the foregoing view 


Solutions containing carbonic acid act in the same way. | The following Table gives the results of some experiments 
About 3 grammes weight of wood prepared with sulphate of | under this head : 
copper, was carefully washed, and exposed for seven days 
to the action of frequently renewed solutions of carbonic 
acid (i.e. arated water). Each time the water was removed 
The total amount of copper thus 
extractedin the seven days was 0.0028 gramme of sulphate. 
Under similar conditions pure water has no effect. Maxime 
Paulet, in his last work, describes an experiment in 
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phate, and heated to 65 0.0075 
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and heated to .. 100 0.0231 
and heatedto .. #2 a: «| 180 0.0240 
Strips of wood p in the ordinary 
way aoe 8 saad e. be 0.0073 








a. Indigo.—A slip of wood was dyed blue with indigo, 
and then prepared with a solution of copper sulphate in the 
ordinary way. It was found to contain 0.0093 gramme of 
copper per gramme of wood, which is rather above the 
average of ordinary wood prepared in the same way. The 
experiment was repeated with indigo-dyed and white calicoes. 
The blue retained after washing 0.00409 gramme of copper 
per gramme of material, whilst the white contained 
0.00195 gramme only. A blue calico with a white 
pattern was treated with copper sulphate in the same way, 
and the white portions cut out. The proportion of copper 
fixed by the latter was found 0.00026 gramme only; 
the blue ground fixed 0.0130 gramme per gramme of the 
stuff. 

b. Catechu.—If a decoction of catechu be mixed with a 
solution of acetate or sulphate of copper, a liquor is obtained 
which allows of the fixation of a very considerable quantity 
of copper in wood. Strips of wood so prepared were found 
to contain. 0.0145 gramme to 0.0460 gramme of copper 
per gramme of wood. Contrary to expectation, this 
method proves of little practical value. Catechu requires 
the presence of oxygen to produce the required effect. 
Thin strips of, wood, having a surface large in proportion 
te their thickness, may thus be] made to absorb considerable 
quantities of copper, but in tim of any moderate scant- 
ling, the effect is merely superficial, and the proportion of 
copper fixed relatively small. 

c Ammoniacal Copper Salts.—The use of the ammoniated 
salts of copper allows of the introduction of large quantities 
of copper in woody tissue. Numerous experiments showed 
that wood so prepared contained from 0.0166 gramme to 

0.0780 gramme of copper per gramme of wood. 

It appears, therefore, that there are various ways of im- 

pregnating wood with copper in excess of the ordinary pro- 

portion. It remains to be seen whether the excess of copper 

gives a notable increase of durability. To decide this ques- 

tion seven strips of wood were buried in the ground side by 

side: 1. A strip unprepared, A. 2. A strip prepared with 

sulphate of copper, B. 3. A strip prepared with acetate, C. 

4. A strip prepared with catechu, D. 5. A strip prepared 

with sulphate and afterwards heated, E. 6. A strip prepared 

with acetate and heated, F. 7. A strip prepared with 

cuprammonium sulphate. The results are given below : 











1Gramme | Wood 
of Wood com- 
oo contained of eee 
Cu So, tted 
5H, O. after 
grammes. days. 
A. Unprepared wood jo «| 0,00002 30 
B. Wood prepared with copper sul- 
hate in the ordinary way ...| 0.00730 67 
C. Wood prepared with acetate of 
copper ... ics re | 0.01000 95 
D. West presined with sulphate of 
copper and catechu ... wal 0.01300 | 120 
E. Wood prepared with sulphate of 
copper and heated afterwards | 0.01000 80 
F. Wood prepared with acetate of; 
and heated afterwards | 0.02800 160 
G. Woodprepared with ammoniacal 
copper sulphate = ve 0.01660 130 








These results have been confirmed by repeated experi- 
ments, in some of which the prepared slips of wood were 
found as fresh and sound after an interment of 200 days, as 
when first consigned to the greund. 

Of the several methods above described, one only, the em- 
ployment of ammoniacal copper salts, appears of any prac- 
tical utility. Acetate of copper and indigo are each of 
them too expensive; catechu is too restricted in its action. 
On the other hand, the ammoniated salts of copper are 
adapted for general use, and are, comparatively speaking, 
cheap, and the slightly increased outlay necessitated by 
their adoption would be more than compensated by the 





it would be possible to introduce in the ordinary way, 








assurance of greater durability in the timber so prepared, 
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THE AMERICAN FIRE DEPARTMENT. 
THE organisation for suppressing conflagrations in 
most of the cities of the United States is so complete, 
and the details of the work connected with it are 
carried out with so much personal energy and zeal, 
that Americans very justly pride themselves upon a 
system which the in ble character of a large 
number of the buildings in all their cities has 
rendered an absolute necessity. In the United 
States many flourishing towns have but recently 
sprung into existence, and, it was natural to 
expect that the building materials would be such 
as could be most readily procured and most 
expeditiously put together. Wooden structures thus 
became predominant, and in many instances, the 
wood was of the most inflammable character, while 
the frames were light and airy. The older towns 
and cities were founded under similar conditions, and 
the rapidity of their growth did not allow of much 
improvement in the system of construction. 

f late years, public sentiment has awakened 
the municipal authorities of the larger cities to the 
necessity of checking the further construction of 
wooden houses in blocks or crowded spaces. A 
new form of structure was now introduced, and at 
once won popular favour, although as constructed 
the majority are penneeipsoms menqueeee than that 
for which it has been substituted. We mean the so- 
called iron buildings, which are so popular in America, 
and are to be met with of enormous dimensions in 
all large cities there. In these, whilst the posts, 
girders, fronts, and sides may themselves be fire- 


press there is of necessity a sufficient quantity 
of wood used in the construction of doors, windows, 
floors, and ornamental work to cause a hot fire. 
The arrangement, too, of the wood upon open- 
framed posts and girders, when the free access of 
air is permitted, is favourable to a hig bs ae de- 
joer ae and spread of flames from the smallest 
a . Experience in the United States has shown 

t the heat thus developed is sufficient to warp 
and twist the —_ to such an extent as to dis- 
place posts and walls and to cause the almost imme- 
diate destruction of such buildings. 

Itis therefore but natural that under the pressure 
of imperative necessity, the Americans should have 
devoted a large amount of study to this subject, 
and that this study, coupled with the many trials 
they have had to pass through, has enabled them 
to reduce their system of fire-protection to a care- 
fully assembled organisation, which, in its every-day 
working, is not far short of mathematical precision. 
In nearly all the principal towns and cities of the 
United States, such organisations exist. While agree- 
ing in general features, they may differ in detail and in 
discipline according to the local wants, the ideas and 
inventive faculties of individualchiefs and organisers. 
As it may afford our readers some interest to know 
a little more about these admirable organisa- 
tions, we shall briefly describe the general and 
common features of the several systems employed. 
We may, for ‘the sake of description, suppose the 
city to contain a population of 100,000, and to 
cover an area of ten square miles. Such a city 
would employ six steam engines (one first-class, 
and five of the third or lightest class), four hook 
and ladder companies, and three independent hose 
companies, The ‘‘ steamers” are almost invariably 
drawn by horses specially chosen and trained for 
this me 4 A full company of firemen consists of 
nine men, exclusively employed by the municipality 
for this purpose. They live in the engine-houses, 
which are comfortably fitted up with sleeping apart- 
ments, bath-rooms, parlour, library, &c. e entire 
force is under military organisation ; the officers are 
called respectively chief, assistant-chief, captain, 
and lieutenant, Of these men, a certain number 
must always be on the watch; the dress and equip- 
ment ofthe others is such that whatever may be 
their state or occupation when the alarm is re- 
ceived, they may be ready for action in two mi- 
nutes, i 

The engine is kept in a room with wide folding. 
doors, and the water in the boiler is kept constantly 
warm by means of a small stationary boiler fitted 
up in the cellar of the building. The fuel required 
to start the fire is obtained from the furnace of the 
local boiler. Besides these preparations, a bottle 
of turpentine and a box of matches are placed on 
the platform of the engine under the control of one 
of the firemen. 

An alarm being sounded, the harnessed horses 
are automatically released from their stalls, and 
spontaneously spring to the front of the engine, 
where two men on either side are ready to receive 
them and attach their traces. Meanwhile the other 
men immediately place themselves as follows: 
one on the driving-box, one at the steam-connecting 
pi e, one on the furnace platform, and one at the 
bitten daaan: The several actions of attaching the 


after the first tap of the — is received, the 
engine may be out of the house and dashing at 
full gallop towards the scene of the conflagration, 
while in five minutes more the requisite pressure 
is up and the engine ready for vigorous action. 

In some cities the supply of hydrants is limited, 
and it sometimes becomes pales omer to group to- 
gether several of the smaller engines when but one 
can conveniently supply itself from the available 
hydrant. In this case it is found advantageous to 
use the larger class engine to supply the smaller 
ones that act directly on the fire. 

Upon reaching the scene of the disaster, the re- 
spective forces come under the control of the higher 
officers who distribute the engines, hose carts, hooks 
and ladders, fire-escapes, &c., according as the exi- 
gencies of the moment may demand. 

The several manceuvres to be accomplished in 
handling these machines are few and easily poqpizes * 
Every man knows his place and his specific duties, 
He is so thoroughly drilled in these latter that he 
performs them with marvellous precision and almost 
incredible rapidity. 





The efficiency of the American Fire Department 


depends not a its numerical force, but its 
discipline and prom of action. But 
pom ye army qualities oe be om om effective 
value were they not supplemen “4 
ratus and an p Aesth iallaen of fie Seer "Yee 
graphs, by means of which the first appearance of 
any fire is instantly announced in every engine- 
house and police station. Hence it rarely ha 
that steamers are not in position in 
or five minutes after the alarm of the discovery of 
the fire has been sent. 

The first application of the electric telegraph to 
the dissemination of fire alarms was ein 
1843 by Alexander Bain. The apparatus described 
by him was necessarily crude ; and though involving 
the principles adopted to-day in the most recently 
improved instruments, it could nevertheless have 
been of but little practical value unless considerably 
modified. This apparatus consisted of automatic 
weight-driven boxes, each being able by means of 
an electric break-wheel to transmit a specific signal 
to the central station. The receiving apparatus to 
be placed at the central office, and likewise in the 
several engine houses, consisted of a dial on which 
an indicator was causéd, by magneto-electric im- 
pulses and ‘‘ step-by-step” movement, to point 
to the number corresponding to the blow trans- 
mitted. In this apparatus, therefore, the number 
that could be sent would be limited to that which 
could be conveniently indicated by a series of con- 
secutive blows equally separated, 

In 185] and 1852 English patents were taken out 
by Dumont and Hunter for much more elaborate 
aS which at a later period came to be 
adopted in the United States. During the years 
1853 to 1867 Moses G, Farmer and William F. 
Channing introduced a system of fire-alarm tele. 
graph into the city of New York, which in all 
essential details agreed with that of Hunter's 

tent of 1852. In this system the city was first 

ivided into several fire districts, and these sub- 
divided into stations at each of which was placed a 
street-box. It was then necessary in order to indi- 
cate the place of the fire with precision to send to 
the central fire office two distinct signals, one indi- 
cating the number of the district and the other the 
number of the station; e.g. District 2, Station 4. 
The circuit breakers which were placed in the boxes 
contained two separate signals placed opposite each 
other on the circumference of the circuit-breaking 
oe As these aig als bh cree at the cen- 
tral office upon a ribbon of telegrap’ , it was 
found nacenaity, in order to avelit contudoa, to use 
two sets of characters, viz. Morse numerals for the 
districts and successive dots or blows for the sta- 
tions, Thus District 2, Station 4, would be trans- 
mitted .. — . . (District 2) and. . . . (Station 4), 
This was all the more necessary as the boxes were 
not automatic, but the circuit wheel was placed 
directly a the axis of a crank which was 
turned by hand. It was possible for the operator 
to turn the crank either way, fast or slowly, or as 
many times a3 he wished; consequently only those 
Morse characters could be used which read the 
same in both directions ; as the figure one . ‘ 
the figure two the figure five — — 
— the figure nine — .. — &e. 

When the signals were received at the central 
office, they were announced by causing the several 


horses, gathering up the reins, a gs be turpen- ° 
tine on to the prepared fuel and lighting it, are | church or tower bells, which been arranged for 
simultaneous and instant; and in thirty seconds | this , to strike in consecutive blows the 


pannben of the district. Simultaneously with this, 
the small bells enclosed in the street-boxes were 
repeatedly made to strike the station number only. 
An — company called out by the ringing of the 
tower-bells, would have to proceed to the nearest 

int of the district indica’ and stopping at the 
first street-box met within that district, would there 
learn by the station number the more precise loca- 
tion of the fire. 

In this alarm, also, no other numbers were re- 
quired than those which could be indicated by 
consecutive and evenly divided blows. ‘This system, 
however, was only experimental, and the appa- 
ratus was not perfected nor were patents taken out 
until 1857. , 

In 1856, however, a more extensive and complete 
system was put into operation in Philadelphia and 

ew York, under patents of Charles F. Chester, of 
New York. These are believed to be the first systems 
ever used - a (1) the ee were auto- 
matic, and therefore sent precise specific signals, 
absolutely uniform in rapidity and character of 





signal ; (2) that compound num were indicated 
by causing a greater separation between groups of 
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integers than that separating the several integers 
forming a single group. Thus 2, 3, would be indi- 
cated by two consecutive blows or dots (..), fol- 
lowed by a pause and three consecutive blows or 
dots (...). 

Dising ‘ne years 1858, 1860, the Farmer and 
Channing system was introduced into many towns 
and cities of the United States. At first the crank 
boxes, the district and station system was em- 
ployed ; but, at a later period, the improvements of 

harles F. Chester superseded this somewhat clumsy 
and complicated method. 

In 1869, the city of New York—already in pos- 
session of the system introduced in 1856—deter- 
mined to replace it by an entirely new, complete, 
and perfected plan, and accordingly it called for 
plans and pro s from many parties. The con- 
tract was ly awarded to Mr, C. F. Chester and 
his brother, on account of the many new and valu- 
able improvements proposed in the plans submitted. 
This system was finished in 1870, and is doubtless 
the most elaborate and effective in the world, It 
employs many hundred miles of line-wire and several 
submarine cables, and has some six or seven hundred 
stations. The cost of construction amounted to 
nearly a million of dollars. 

From the introduction of this system, dates the 
first marked imptovement in fire-alarm telegraphs. 
The experience of so many cities with several dis- 
similar classes of apparatus has demonstrated not 
only the great ms of the “4 for this 
purpose, but has called attention to the several ob- 
jectionable and even fatal defects existing in all the 
forms of fire-alarm telegraphs previously used, and 
which have been eliminated in apparatus of more 
recent construction. So keen is the popular appre- 
ciation of these faults, that many cities possessing 
extensive systems of comparatively recent con- 
struction, are now seeking to replace them by entirely 
new systems. 

The system of Stephen Chester, now exhibited in 
the Engineering Department of the Main Building of 
the Centennial Exhibition, is an improvement upon 
that introduced into New York in 1869 and 1870. 
It embodies most of the best qualities to which the 
efficiency and reputation of that system are due; it 
is, however, selena to much greater simplicity, 
and made to contain some distinctly new and novel 
features. 

We shall take an early opportunity of again re- 
ferring to this apparatus in another article, and we 
believe it will 3 all the more interesting, as it 
forcibly draws attention to the requirements neces- 
sary to render any form of fire-alarm telegraph 
reliable and valuable. 


THE DURATION OF A. BLOW. 

In a recent number of ENGINEERING (vide page 330 
ante) & paper was reprinted,* describing an ingenious 
method by which very small intervals of time oc- 
curring between two successive mechanical move- 
ments may be determined with a considerable degree 
of accuracy. For the determination of the velocities 
of projectiles this method, which has been devised 
by r. Robert Sabine, would probably not be so ap- 
plicable as the ordinary chronoscope systems, unless 
the time interval to be determined were less than the 
rodoth of a second, when it would become superior 
from the fact that electricity having no appreciable 
inertia there is no limit to the smallness of the 
interval, which may be measured by means of its 
outflow from an accumulator. But for the determi- 
nation of the duration of contact between metallic 
surfaces during a blow it is the only system which 
can afford us any information at all. For this reason 
the following series of experiments, with the details 
of which we have been favoured by Mr. Sabine, will 
be regarded with much interest, 

These experiments, which were intended as pre- 
liminary to a more extended inquiry, were made with 
a view to find approximately how the duration of a 
blow varied with the weight of the hammer, its 
velocity of descent, and with the materials. An 
iron ball, weighing } 1b., was suspended by a 
fine wire from an insulated support upon the ceiling, 
so that when it hung vertically it just grazed the 
vertical face of an ordinary blacksmith’s anvil 

laced upon its side on a table, By raising the 
land letting it swing against the face of the 
anvil a blow of varying force could be struck. On 
rebounding, the wasarrested whilst the excursion 
of the galvanometer needle was observed. By 
measuring the angle through which the ball was 


* From the Philosophical Magazine, May, 1876. 











separated, its vertical fall and final velocity could 
be easily deduced. In this way the greatest vertical 
height from which the iron ball was let fall on to 
the face of the iron anvil was 4 ft., the least about 
2; in. Six readings wers taken for each height, and 
they were invariably found to agree amongst each 
other. The means only are given in the following 
records : 


Duration of 
Vertical Fall Contact in 

in Inches. Seconds. 
48 0.00008 

36 0.00008 

28 0.00008 

17 0.00009 

94 0.00010 

4 0.00011 

1 0.00013 

04+ 0.00016 

Ove 0.00018 

Ors 0.00021 

Oes 0.00030 


From this it would appear that when the velocity;of 
a blow is increased, the duration is decreased within 
a certain limit; but that it reaches a minimum. 
The velocity of impact in the first experiment was 
about sixty times as great as in the last one; but 
the duration of the blow appears to be reduced only 
to about one-fourth of the time. The blows given 
by two hammers of different weights were compared. 
No. 1 weighed 40z., No. 2 weighed only 2} oz. 
The durations of the blows were as follows : 





Duration of Contact. 














Yee Ball No. 1. Ball No. 2. 
in. seconds. seconds. 
1 0.000135 0.000098 
4 0.000096 0.000083 





Tt appears from this that a heavier hammer of the 
same material gives a longer duration of blow. 

In the course of these experiments it was observed 
that the ball after striking the anvil rebounded 
irregularly, sometimes to a greater at others to a 
less height, and that some relation appeared to exist 
between the heights to which the ball rebounded 
and the excursions of the galvanometer needle due 
to the residue of the charge. 

In the next series, therefore, the rebounds of the 
iron ball from the iron anvil were measured and 
recorded, from which it appeared that when the re- 
bound was greater the duration of contact was 
shorter, and vice versd. 








: Vertical Duration of 
Vertical Fall. Rebound. Blow. 
in. in. seconds 
6 2 0.000120 
6 23 0.000111 
6 34 0.000101 
6 34 0.000091 
144 84 0.000106 
144 44 0.000103 
144 54 0.000095 
144 | 0.000086 
25 7 0.000096 
25 8} 0.000091 
25 94 0.000086 
25 12 0.000078 











The explanation of this is probably that when the 
energy of the blow is expended in bruising or per- 
manently altering the form of the hammer or anvil 
by which the contact of the two is prolonged, it has 
less energy left to enable it to rebound, and vice 
versé. Substituting a brass anvil and brass ball, it 
was found that the blow was duller, the rebound 
much less, and the duration of contact nearly three 
times as great as when an iron ball and anvil were 
used, 








Vertical Fall. — wo 
in. in. seconds. 
rr 0} 0.00036 
6 1 0.00033 
144 i 0.00026 
25 2 0.00027 











This series shows also the longer duration of the 
blow when its velocity is ‘ poo ? a brass 
anvil and iron ball the duration of the blow was 
greater than when both were of iron, but less than 
when both were of brass. 





~ 








‘ Vertical Duration of 
Vertical Fall. Rebound. Contact. 
in. in. seconds. 
13 0} 0.00021 
6 04 0.00018 
144 14 0.00015 
25 2 0.00014 











Striking the brass anvil with a common hammer, 
the duration of the blow appeared shorter when 


struck sharply. 
Duration of Contact. 
seconds. 
Moderate blow ove 0.00027 


Harder blow... oa _ +» _ 0.00019 
Striking the blacksmith’s anvil with a common 
carpenter’s hammer, the duration appeared to be 
nearly constant: 


Duration of Contact. 
seconds. 
Moderate blow eee 0.00011 
Harder blow... 0.00010 


It was, of course, necessary to allow in each case 
the hammer to rebound freely, and not to prevent 
it doing so by continuing to exert any pressure at 
the instant of the blow. When this condition was 
observed, it was invariably found that the harder 
and sharper the blow the hoster was its duration. 
It was also noticed that whenever the anvil gave 
out a sharp ringing sound, the duration of the blow 
was much shorter than when the sound was dull. 

A very slight error would be introduced by reason 
of thermo-currents set up between the metals at 
the moment of the blow. By reversing the direction 
of charge of the accumulator, however, the effect 
from this cause was found to be quite inappreciable. 
Mr. Sabine’s experiments are, as we have said, 
altogether very interesting, and we hope hereafter 
to be able to record the results of his further re- 
searches, 


COLONIAL TELEGRAPHS. 

Tue twelfth annual report of the Telegraph De- 
partment for the colony of New Zealand is as satis- 
factory as those precedingit. The period embraced 
is that from the lst of July, 1875, to the 30th of 
June, 1876, and during this period 118 miles of line 
carrying double wire, 50 miles carrying single wire, 
and 335 miles of extra wire have been added to the 
original lines ; the total addition of wire being thus 
621 miles, The colony now possesses 3154 miles of 
telegraph line, carrying 7247 miles of wire. The 
stations open to the public number 142, 15 of which 
have been added during the t year (9in the 
South Island and 6 in the North Island). 

The length of line maintained during the year is 
reported as 2980 miles, the average cost for main- 
tenance being 5/. 18s. 10d. per mile, exclusive of 
the cost incurred in the repair of the Cook Strait 
cable, which connects the twoislands. The nominal 
strength of the S—— including line men and 
inspectors, at the date of the report was 567, against 
509 for the previous year. c 

The revenue for the year was estimated at 62,000/. 
Thisamount has been exceeded by 1300/. The gross 
receipts, including the value of general Government 
telegrams, amount to 79,5377. 7s. 1ld.; a sum ex- 
ceeded in the expenditure by 2803/. ls. The ex- 

nditure on account of the repair of the Cook 

trait cable, however, amounted to 3363/. 15s. 5d., 
which sufficiently explains the deficit under both 
estimate and revenue account, Several other items 
have also been charged against the vote of the de- 
partment, which might with justice have been 
charged to construction. 

The number of telegrams transmitted during the 
year was 1,051,086, being an increase on the number 
for the previous year of 133,958. Compared with the 
number of interprovincial letters posted during the 
same period, 22.21 telegrams were sent for every 
100 letters. This proportion is rather under that 
of last year, but on the other hand, there has been 
an increase of nearly 700,000 letters, which would 
seem to indicate that the progress in the tal 
branch is for the moment rather in advance of that 
of the telegraph, or that the facilities in favour of 
the former are greater or more accessible than are 
those of the latter. 

On the 21st of February last direct communica- 
tion was established with Australia, and from that 
date to the date of the close of the report 3395 
messages were received, and 3268 messages were 
forwarded through the cable, the average number of 
words per message in each case being 19.3. 

The number of money-order telegrams for the 
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year was 10,712, representing a value of 48,9882. 
17s. 3d., being an increase of 1062 messages, an 


of 2498/. 17s. 5d., as compared with the previous 


ear, 

3 Duplex working had been introduced on the 
circuits between Blenheim and Christchurch, and 
between Wellington and Napier, also on the cable 
since the 18th of June, 1875, proving in each case 
successful, 

The Cook Strait cable failed entirely on the 14th 
of December. Twenty days were spent in grappling 
for the broken ends and some twenty-three more in 
preparing a vessel for the work and effecting the 
splice, During the interruption a daily telegraph 
mail service between Wellington and Blenheim was 
established. The possibility of an interruption to 
the cable was pointed out in the previous report, and 
acting upon the suggestions then made a one-wire 
cable has been ordered and was expected to arrive 
in September last. The roate for the new cable 
has been surveyed and selected with considerable 
care. 

The principal business office in the colony is that 
of Dunedin ; Auckland comes next, then Welling- 
ton, Christchurch, and Napier. The proceeds and 
expenses of these stations are for the year as under. 


Total value of Total cost of 


Messages. Maintenance. 

£& s. d. 8. d. 

Dunedin 88671211 434115 9 
Auckland 6961 2 0 300814 8 
Wellington - 6472 13 #425127 411 
Christchurch ... 558014 0 4658 15 10 
Napier ... 2694 17 10 1852 16 1 


It is not in all cases that offices are remunerative, 
Thus we find: 
Total value of Total cost of 
Messages. Maintenance. 


& sa. a. £& s. d. 
Caversham 1 410 9 18 10 
Waihold 479 1574 
Riverhead 713 5 4 3 5 


A very interesting Table, published with the 
report, is that showing the progress of the depart- 
ment since 1866, and illustrative in a degree of the 
advantage to be derived from a liberal tariff. At 
this date (1866) the colony possessed but 699 miles 
of line, the cost of maintenance of which was at the 
rate of 3/. 9s. 10d. per mile. In 1868 the mileage 
had increased to 1110 miles of line, and the cost to 
4/.17s. 4d. During the three years a mileage tariff 
was in force, and this continued up to September Ist, 
1869. From that date to the 3lst of March, 1870, 
a uniform tariff of 2s. 6d. was in operation; but on 
April lst of that year a tariff of 1s, was introduced. 
For 1870 the maintenance cost was 8/. 9s. 11d., and 
with an increasing mileage it fell each year, till in 
1873 the cost stood 4/. 1s. 1ld. per mile, In No- 
vember, 1873, a further public concession took place, 
the address and signature being signalled free. For 
1874 this led to an increased cost for maintenance, 
viz., to 6. 3s. 11d., but in the following year it fell 
to 4/. 16s. 4d. It, however, stands at an increase, 
viz., 5/. 18s. 10d. for the past year, due, it is stated, 
- the increased number of stations and additional 

es, 

The erection of the lines has, in many instances, 
been an excessively costly proceeding. That from 
Reefton to Lyell, 32 miles, costing in all 6064/. 
15s. 9d., or an average of 189/, 10s. 5d. per mile, For 
this section the cost of clearing the bush alone 
amounted 3863/. 3s. 6d., more than half the whole 
sum. The Greymarsh and Reefton section of 50 
miles, cost in all 6986/. 10s. 6d., or 1397. 148. 7d. 
per mile, the clearing of the bush amounting to 
2649/. ‘There are other sections little less costly ; 
but there are also some few cases, as the Geraldine 
line from Temuka, which cost but 32/. 7s, 6d. per 
mile, where the cost comes within what would in 
= — country be looked upon as a moderate 





BESSEMER PRODUCTS AT NORTH 
CHICAGO. 

THE numerous English and Continental engineers 
who have lately visited America, are now probably 
por to understand—of course they always be- 

ieved—the remarkable statements of Bessemer pro- 
duct which we have from time to time published. 
Within a few weeks the North Chicago Works, the 
constant average of which is higher than that of any 
other American works, has made the astonishing run 
of 73 heats, yielding 391 tons of ingots out of two 
**5-ton” vessels in a little less than 24 hours. 
During the previous week, ending September 30th, 





these two vessels made 1595 tons 70 Ib. of ingots in 


d|298 heats. The record was then as follows : 


thd 92 36 
Wednesday, October 4, daytime ... 37 198} 

The works then stopped for want of pig iron for 
several turns. It may here be ponte that the 
works have not lost a turn this year from any cause, 
except the occasional giving out of the pig supply. 

From 5.45 p.M.on ‘Tuesday of the above week 
until 5.25 p.m. on Wednesday, 73 heats were made 
in 23 hours 40 minutes. The yield was 39] tons 
1100 Ib. of ingots, or a little over 54 tons per heat. 
No two heats were blown at the same time; one 
vessel was used till the bottom gave out, and then 
the other was employed. Four bottoms were used 
in all, and two cupolas were run constantly. The 
blowing averaged 12 minutes per heat; the average 
time of turning in the metal, blowing, adding the 
spiegel, pouring and ss ig Nao bottom, was not 
quite 19} minutes. Now Mr. Forsyth proposes not 
to be happy till he has made 200 heats in a day, 


Heats. Tons. 
Monday, October 2, daytime ane 3354 
Teale ae nighttime ... 2 
esday, Octo! ytime... 
» ” nighttime |. 3624 





NOTES ON TORPEDOES.—No. XII. 


TestiInG TABLE, 

In all cases where a large number of mechanical 
circuit-closers are in connexion with one firing sta- 
tion, it becomes obviously important that ready and 
efficient means should be at hand for testing the in- 
sulation and continuity of the several conductors, and 
also for ascertaining the actual working power of the 
signalling and firing batteries. To meet these re- 
quirements, a board or table has been mounted with 




















table, and in metallic connexion with the contact 
7g the firing battery terminal. It therefore 

ollows, that by plugging the perforation, dividing 
the contact plate from the terminal plate, a voltaic 
current will flow from the positive pole of the firing 
battery, by the terminals out through the conduct- 
ing cables to the several mechanical circuit-closers, 
where it is insulated, so to speak, by the small space 
intervening between the contact points; this is 
bridged over by the concussion of a passing ship or 
other hard substance, with the buoyant vessel 
enclosing the instrument; when the current passing 
to earth through the apparatus would complete the 
electrical circuit, and so ignite the fuzes and explode 
the charge. One of the submarine mines having in 
this way been cr gree it becomes essential that 
the number should be at once ascertained in order 
to disconnect the electric cable lately leading from 
it, as the shattered end being exposed to the water 
would form a continuous circuit, thereby causing a 
considerable waste of electricity, which would in 
time so diminish the power of the battery as to pre- 
vent it firing the other torpedoes, Any person 
having the most rudimental knowledge of the nature 
of the electrical current, will at once understand 
that all that would be necessary to discover this, 
would be to take a weak battery of, say, two cells 
medium size Leclanche, or three’ cells Daniel, put 
the negative pole to earth, and connect the positive 
pole to one terminal of a sensitive galvanometer to 
the second terminal of which is connected an insu- 
lated conductor. It is obvious that by bringing the 
extremity of this conductor successively into con- 
tact with the series of i from which 
radiate the several electric cables, a current would 
be sent through each one in succession, and on 


Fig. 46 














re 








a combination of electrical appliances, specially 
arranged to fulfil a variety of functions, in addition 
to those above enumerated; the number of these 
tables is proportional to the number of charges em- 
ployed, governed of course by the mooring regula- 
tions laid down to guide their application ; or in 
other words, the number of charges that may have 
been deemed most manageable when formed in 
groups, and this must necessarily materially depend 
on the class of apparatus, &c., employed, The 
Austrian testin table, from which those subse- 
quently designed at Chatham and Woolwich may be 
said to have originated, does service for sixteen sepa- 
rate charges, the cables of which radiate from sixteen 
brass terminals or binding screws affixed to the 








Add 


arriving at the terminal connecting the broken cable 
with the instrument, would pass through the water 
back to the earth plate of the battery, thus complet- 
ing the circuit, the fact being indicated to the 
operator by the deflection of the galvanometer 
needle, This is virtually what constitutes the test- 
ing arrangement of the Austrian testing and firing 
table, though the method of its application is more 
elaborate and convenient. The current in this case 
being first diverted from the firing to the testing 
circuit, by transferring the metallic plug from the 
contact and firing plates to the contact and testing 
plates; a galvanometer being introduced into the 
circuit between the contact plate and two metallic 
bars in which the circuit ends, these bars are tra- 
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versed by two brass keys, each bar and key doing 
duty for one half of the table. By sliding the keys 
along the bars, and making contact with each termi- 
nal successively, the current will be made to flow 
in turn through each of the several conducting 
cables. It is apparent that so long as the insulation 
is good no deflection will occur to the galvanometer 
needle ; but on the current prem bape whether 
arising from the rupture occasioned by the explosion 
of a connected charge, or from imperfect insulation 
—the fact will be indicated by the galvanometer, 
from which may also be infe the probable extent 
of the leakage, and whether it is such as to necessi- 
tate the detachment of the defective cable. To 
make the channel safe for the passage of friendly 
ships, the firing battery must be disconnected from 
the circuit by removing the brass plug, which unites 
the contact disc to the firing terminal, 

The testing tables, designed at Woolwich and 
Chatham for the use of the British Government, 
are far more ambitious productions than the Austrian 
instrument, affording not only greater facilities for 
testing, but various methods of firing; though it is 
questionable whether the delicacy of these arrange- 
ments do not, to a certain extent, disqualify them 
for being accepted as advantages, when we consider 
the hands into which such instruments would be 
likely to fall, in the case of a prolonged war exhaust- 
ing the not too numerous staff of electricians, 
upon whose expertness the efficiency of the instru- 
ments must in a great measure depend, And that 
even they are not to be relied on as infallible, is 
evident from the accidental explosion in the Med- 
way of a charge which had been moored for 
experimental purposes; this accident, which was 
happily unattended by any grave results, could not 
have been cccasioned by the ignorance of the 
operator, as he was generally considered by his col- 
leagues to be one of the most efficient of the staff. 

The instrument we have selected for illustration 
is a modification of those devised at the Government 
departments of this country, and over which it 
possesses material advantages ; from the fact that 
while embodying the specialties of those contriv- 
ances to which allusion been made, it is devoid 
of all needless complications, and in addition to this 
the manner in which the appliances and fittings 
have been disposed give to the whole a neat and 
orderly appearance : electrical connexion is estab- 
lished between the various points, by means of 
copper conducting wires insulated with gutta-percha. 
The testing table under discussion, like the shutter- 
signalling a and firing arc, is only arranged 
to do duty for a group of seven torpedoes, in conse- 
quence of the general employment of seven cored 
cables in connexion with this class of submarine 
mining rendering this number the most convenient. 
This form of test table is considerably in advance of 
the Austrian one, taking into consideration the 
increased electrical wy which it represents ; 
as independent of the signalling and firing arrange- 
ment, which is brought about automatically by 
means of the shutter apparatus, provisions have 
been made which afford facilities for depolarisation, 
for measuring testing battery, measuring depolarising 
battery, testing shutter connexions through firing 
bar, testing shutter adjustments, testing sea cell, 
test battery, negative current, and test battery, posi- 
tive current. The following is a summary of the 
electrical appliances that are necessary to give the 
foregoing tests :— 

1. One set of ordin resistance coils, for 
measuring the polarising and testing batteries, test- 
ing shutter adjustments, &c. 

2. One small set of resistance coils, as proposed 
by Professor Abel for testing the condition of the 
firing battery ; this isto be used in connexion with 
a thermo-galvanometer or bridge, formed by two 
metallic uprights, with vice projections at right 
angles with them. These projections face each 
other, and are in the same horizontal plane, the 
distance between their extremities being v4 of an 
inch ; this is bridged over by introducing between 
the grips a short length of fine platinum wire, the 
length of the platinum bridge being slightly greater 
than the corresponding bridges of the electrical 
fuzes. It is, therefore, obvious that if the working 
power of the battery is such as to enable it through 
a given resistance—equivalent to that offered to the 
voltaic current in its passage from the battery to 
the to fuse or heat to a bright red the 
platinum bridge of the thermo-galvanometer, a 
practical test of its efficiency will have been ob- 


battery used, for an intensity battery, fine wire 
should be employed, and thick wire for a quantity 
battery. 

8. One battery commutator for shunting the 
polarising and testing batteries, in or out of circuit. 

4. One multiple galvanometer used in depolaris- 
ing ; measuring, testing, and depolarising batteries, 
shutter adjustments, testing circuit, &c. 

5. One astatic galvanometer employed in making 
the sea cell test, and measuring the firing battery. 

6. One safety firing key, so called from the means 
provided to guard against its accidental depres- 
sion, 

7. Three multiple terminals or binding screws, to 
each of which is connected one extremity of a suit- 
able length of silk-covered wire forming an helical 
coil of about 3 in. in diameter, and to the other ex- 
tremity is attached a brass plug, es for 
diverting the electrical currents on to the required 
circuit. 

8. Firing Terminals, Earth Terminals, §c.—Fig. 46 
is a plan of the test table with instruments complete. 
A is the polished wood table, B resistance coils, C 
firing coils, D astatic galvanometer, E multiple gal- 
vanometer, F battery commutator or switch, G firing 
key, H firing battery terminals, I, J, K multiple 
terminals, L L thermo-galvanometer arrangement, 
M M contact keys affixed to box of resistance coils. 
Fig. 47 is a front elevation; from this view the 
form of the firing key G and thermo-galvanometer 
L L will be better understood. The firing key, 
which is mounted on an ebonite slab, is of the form 
usually employed for such purposes, its specialty 
having reference to the means provided for pro- 


one from the other. In order to release the key, 
the guard X, which is seated on a small spiral spring, 
is pressed down by the operator and turned on its 
centre, until the guard is parallel with the firing 
key, the ebonite quadrant which is affixed to the 
same spindle moving with it. The thermo-galvano- 
meter, as shown by the illustration, consists simply 
of two vertical brass studs provided with vice ex- 
tremities for gripping the fine platinum wire form- 
ing the bridge ; the lower jaw of each vice is a fix- 
ture, but upper jaws move on their respective centres 
with a slight vertical motion, governed by the bind- 
ing screws against which they are forced by means 
of suitable springs. 

Before proceeding to give a detailed account of 
the method of diverting the battery currents from 
one circuit to another—necessary to obtain the series 
of tests previously enumerated—it may assist our 
readers, in a comprehensive sense, if we first 
clearly define the use of each of the voltaic batteries 
shown on plan. The “testing battery,” which 
generates a current of low electro-motive force, is 
used for the purposes of testing the insulation and 
continuity of the several conductors, also for testing 
shutter adjustments, balancing, resistance of line, &c. 
Depolarising Battery.—In explaining the use of 
this battery we must call attention to the fact that 
in all generators of a voltaic current, not only must 
one of the substances engaged in the production be 
liquid, so that its molecules may be free to move, 
but in order that the strength of the current may 
remain constant, no appreciable change must take 
place in the chemical nature of the surfaces in con- 
tact. Hence it follows that the secondary action 
taking place between the Bee of the battery and 
the metallic plates may lead to a diminution of the 
electrical current; as in the case of a battery 
formed of zinc and copper plates placed in cells 
charged with pure water, the chemical action accom- 
panying the production of the current converts the 
surface of the zinc plates into oxide of zinc, which 
is insoluble in water, and therefore prevents further 
contact between the water and zinc. Even when 
hydrochloric or sulphuric acid is mixed with the 
water in small quantities, the current, though con- 
siderably augmented in strength, declines at a 
greater rate than could possibly be due to the ex- 
haustion of the acid, its actual cause originating 
from the effect produced by the hydrogen, a part of 
which on being set free, instead of escaping through 
the liquid in bubbles, remains as a film of gas 
adhering to the copper ; consequent on the formation 
of this film the power of the battery current is con- 
siderably reduced, the wee of hydrogen in the 
electro-chemical series being much nearer to zinc 
than that of only does this decom- 


battery commutator 
caused to flow through the coils of the shutter 
signalling apparatus, by lead K to the resistance 
coils, through resistance coils to lead J to terminal 4 
(zine earth) to terminal 1, and to positive pole. 


to 
succession ; the current set up between the zinc of 
the circuit-closer and the current at home passes 
through terminal 2 to lead J, through astatic galva- 
nometer D to W on shutter apparatus, through the 
coils of the electro-magnet, and out along the torpedo 
line, so completing the circuit. 


in U, also plug 
on shutter, the negative current will then pass from 


multiple galvanometer E to I 
on shutter, through shutter coils along torpedo line 
to earth at circuit-closer, to test battery earth at 
wpe (terminal 6) to P through N, to positive pole 
0 


N on commutator, lead 
on shutter apparatus, and left key on box of resis- 
tance coils B, also key 
finally right on battery box C. 


standard tests for which the test table 
illustration has been specially arran 


the passage of the current is prevented, but it has 
sometimes even a tendency to produce a current in 
the opposite direction to that of the battery; the 
negative electrode (which is charged with hydrogen) 
acting as an electro-positive metal, and the positive 
electrode, which is charged with oxygen, acting as 
an electro-negative metal. 

It will be needless after the foregoing exposition, 
to comment on the importance of providing an 
efficient arrangement by means of which the polarisa- 
tion of the electrodes may be either neutralised, 
diminished, or destroyed, since it is essential to the 
efficiency of electrical ree emg that no perceptible 
diminution should take p in the strength of the 
currents set up by the chemical action of the various 
voltaic batteries used in connexion with the system, 

Signalling Battery.—This battery, which is also of 
low electro-motive force, is the agent by which is 
accomplished the automatic shunting of the firing 
current into the torpedo circuit, brought about by 
the concussion of a vessel with one of the series of 
circuit closers, 

Firing Battery.—The object of this battery is too 
obvions to need specification. 

StanparD Tests UseD IN SUBMARINE Minne. 

1. Depolarise Home Earth 4 Minute.—Trace from 
lead K to NS of battery commutator F, through re- 
sistance coils B to multiple galvanometer E, plug 
2v on galvanometer switch when the current will 
flow through that particular coil to lead I, to 1 and 
2a in succession to zinc earth of depolarising battery 
(terminal §) to switch R of battery commutator ; 
when by finally plugging RO connexion will be 


tecting it from accidental depression; this is ac- —. with the zinc pole of the Cepolarising 

complished by moving between the contact points an : 

ebonite poste her thus effectually insulating them|  2- Measure Test Batiery—From N to lead K 
through resistance coils B and galvanometer E to 


lead I to S on commutator to negative pole. 


3. Measuring Depolarising Battery —Plug NS on 
battery commutator with the brass plug attached to 


lead K, when the metallic connexion will be estab- 
lished from the positive pole of the battery through 
resistance coils B, and galvanometer E to O on 
battery commutator to negative 


le. 
4. Test Shutter Connewtons.—Through firing bar, 


2 cell firing battery to one terminal of firing coils C 
from the other terminal to switch on shutter, along 
firing bar, also through indicator arm J* drop it to 
K*, and so complete the circuit by locking negative 


le. 
5. Test Shutter Adjustments —Lead K to O on 
F; the current in this test is 


Crrcurt-CLoser TEsTs. 


6. Sea Cell Tests.— Plug W S on shutter lead J 
terminal 2 (copper) and terminal 4 (zinc) in 


7. Test Battery (Negative Current).—Plug lead K 


P on battery commutator, and W 


U along lead K through resistance coils B, and 
nee: terminal) to W 


battery. 
8. Test Battery (Positive Current.)—Plug lead K in 


N S on battery commutator, also WS on shutter 
switch, and P Rand U to O on commutator, the 
positive current will then pass from NS through 
the resistance coils and multiple galvanometer to I, 
then to W on the shutter, through the coils of the 
apparatus, and out along the torpedo line to earth 
at circuit-closer to test battery earth at home 


ts 


rminal 6) to P O on commutator through R and 
and so to negative pole. 

9. Balance Resistance of Line, §c.—Plug U and S 
in O Pand also plug WS 


on the right of the box and 
rusing the foregoing series of 


iven in our 
and trac- 


By carefully pe 











tained, The wire of the resistance coils for this 
test must be suited to the nature of the firing 


copper. Not 
position of the electrolyte sometimes form a non- 
conducting coating upon the electrodes, whereby 





* For reference see shutter apparatus, Plate IX., Fig. 4- 
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ing the several circuits as re the dotted 
lines on plan, sundry breaks or gaps will be noticed: 
in the course marked out for the electrical current’ 
to traverse ; these must be bridged over by means 
of suitable lengths of stout wire insulated to 
¥ in. with gutta-percha or india-rubber, and must 


be removed on the conclusion of each of the tests: 


for which they are employed, those connexions 
which alone remain ent being indicated by 
dotted lines; all temporary connexions having been 
omitted in the diagram, in order to simplify the de- 
scription. 





HOUSE DRAINAGE IN LONDON. 

Tue Executive Committee of the Society of Arts 
invited the surveyors and medical officers of the 
metropolitan district boards and vestries to a con- 
ference in reference to house drainage, which was 
held last Tuesday. The chair was taken by Lord 
A. Churchill. He stated that the object of the 
meeting was to urge on the Government more 
definite legislation, to give large powers to vestries 
and other metropolitan authorities in regard to house 
drainage, which at present was in a most defective 
state. Sir Henry Cole stated that the Metropolis 
Local Government Act of 1855 and subsequent 
Acts were full of defects, and left the whole 
question in a most unsatisfactory state. He re- 
marked on a special case in Kensington, not far 
from his own residence. The —— found a con- 
tinuous efflux of sewer gases, and that a large area 
around bim was drained by pipes of far too small 
an area. He had at last to have recourse to legal 
proceedings to enforce thelaw. He drew attention 
to other cases, in which the connexion of the house 
drains with the sewers was so defective, even among 
the best class of houses, as to be very dangerous to 
health, Subsequently, along but practical discus- 
sion ensued, Dr. Tripe, the medical officer of 
Hackney, showed that one difficulty in effecting im- 
provements was the want of power to compel owners 
to pay the cost of the examination of their premises 
in cases of defective drainage. "What was especially 


in respect to sanitary arrangements the private 
house should be in no better legal position than even 
a slaughter-house. Dr. Whitmore, the medical 
officer of Marylebone, stated that the vestry had 
paid within the last three years a sum of about 
30,000/. in constructing new sewers, oan 4 from 
40 to 50 miles of new drains. It had been the ob- 
ject of the Board of Marylebone to seek out, so far 
as they could, every defect of their sewerage system. 
He instanced Harley-street, in which, within the 
last two years, a new sewer had been laid down, it 
having been found that in the case of twenty- 
eight houses in that fashionable locality, the house 
drains stopped at the end of the vault, so that 
the sewage fell into the earth, and never found 
its way into the sewer. He added that there were 
houses in the Marylebone district in which five or 
six houses were drained with the same set of 
drains, leading often to a dead stoppage of the 
sewage. Other speakers drew attention to the 
general defective state of house drainage in the me- 
tropolis, and at last it was resolved to appoint a 
deputation to wait on Mr. Sclater-Booth, asking for 
decisive legislation on the matter during the Parlia- 
mentary Session of 1877. 








_ Heavy Guns ror THE Paris EXHIBITION.—A heavy 
rifled gun is being constructed at Greusét for the Paris Ex- 
hibition of 1878. It will have a calibre of 153 in., and will 
throw a 660 Ib. shot. 





first to be & uy Trocodero, and 

during the Paris Exhibition of 1878. The height of the 
lighthouse will be 416 ft., and it will be in all respects the 
largest structure of the kind yet attempted. 





LivERPOOL WaTsR Suppiy.—In — issues we 
pave given sponte af Se Mr. ye the 
engineer i in to water 
supply of that town. or cae — attempts have 
been made to increase the quantity, in respect 
wells. Last week, at the meeting of town council, the 
poe was again raised, and it was agreed to 





here | ashore, which entai 





THE ORIGIN OF MOTION. 
To THe Eprror or ENGINEERING. 
Srr,—When in his letter of the 13th inst. 
tributor of the above series of articles states, 
‘* has been proved that gravity requires no time to be 
mitted to a distance,’’ his statement is perfect truth. 
is the unquestionable assumption upon which each 
mine upon this important subject is based, when I 
I have learned, and as qouresndere and entean 
they so desire, learn, t geometers take no value 
their computation as due to velocity of gravity, 
them a second is too greata unit of time to pass undivided, 
their computings admitting of tenths and even hundredths 
of the second, and when T learn they compute th 
recise time when an eclipse, an occultation, ora transit will 
e place, though the event may be not only-a week, or 
month, but even after the time of computation, then 
as phenomena phenomena reveals or confirms the 
truth of the computations, I submit we have ory & Severe 


} 


analytical test applied, but the test 

trace of pow they dare not leave out the of 
light, or computationsjare in error ; they dare not a 
value to the velo¢ity of gravity for the same reason, 

I conclude there is no ity in gravity at all. I 


assume gravity and weight to be one and the same 

if I wrote of the specific weight of a » it would 
known specific gravity was meant, likewise if I wrote of the 
specific gravity of a body, it;would be known its specific 
weight was meant, the terms weight and gravity are 
identical; yet would contributor write of waves 
of weight? He would think it nonsense, as I assure him it 
would be, but if there are waves of gravity and not waves 
of weight, where is the line between weight and gravity ? 
The truth is, Sir, and I am sorry to say it, that fear 
the terrible anathema hurled at the heads of all by 


i 


Sir Isaac Newton, and they ignore their own reaso 
wers, and if they have fine and ‘noble i 
‘aculties, those ies as in the case of your contributor 


are enslaved under the tyrant’s mandate, and energies that 
if free would achieve wonders, grind out their existence in 
the vain endeavour to what the universe does not 
contain, namely, waves of weight. 

Herein I submit the reasons why I assume there is no 
waves of oy no weighty fluid, and likewise show the 
boomerang thrown by Sir Isaac Newton returns upon the 
thrower and his followers. In your impress of the 20th 
instant, is a letter from a correspondent named Alex. Hen- 
derson, wherein the religious aspect of the question is in- 
Smee I —_ like to remark relating 8 ene 

ag vi. 6) concerning an axe-head swimming tho 
made of iron, Boge se is this evidence on my 
e axe lost its weight and necessarily rose to the 
surface of the water; and as I further find your corres- 
pondent desires to give ‘‘ a concluding blow Mr. She- 
ward’s side of the question,”’ he ought to first learn to ain 
better, for his main broadside passes clean over my head 
= your repos = states, ‘‘ Mr. Sh om 

upon gravity as a subtle influence leaping 
a flash of li uns wedhen object ata certain time.” As 
have fought, step by step, to show there is no motion in 
gravity I cannot accept Mr. Henderson’s compliment, it is 
certaintly due to your contributor, but I look for that I 
consider due from Mr. Henderson for the above public 
perversion of the truth. 
I am, Sir, your obedient servant, 
R. SHEWARD. 


SEA-GOING ENGINEERS, 
To THe Eprror oF ENGINEERING. 
Srz,—In your last week’s issue I noticed a letter by a 
** Chief Engineer,”’ calling attention to a much-needed want 
in this port, namely, an association of the marine engineer- 


ing profession. 

+ cannot be denied that the profession now takes first 
place in the nautical affairs of this country, either for peace 
or war, as since the advent of iron steamships almost every- 


thing on board either a merchant steamer or man-of-war 
comes under the 


supervision of the engineer-in-chief. Owing 
to the fact that all our large ocean steamers sail from this 
, I think it is of first im to the nation at 5 
hat an association or institute of the same s ing asthe In- 
SHaginccos eheebt ‘be of ones Sorsuel, oo ay to bring ook 
8 at once » 80 as er 
the many different members of the ession, who are at 
present uainted with each oth erry hi igimsecs 
and whose individual performances, if brought forth, would 
prove most valuable, and also prevent repetitions of the 
oy me med ee henge continue > fo nr 
some shipbuilders engineers. at presen 
cuisling. the experience of our superintendent and sea-going 
engineers gai practically, and by hard lessons, when 
serving through the various grades, from seventh and 
eighth Bematen - is unknown to themselves and a 
few of their companions, and is thus to the profession 


Selasohevinr toasts dies 
walanbie tony by our easulohge Smieht inte preveatell 
wi a sea- ve 

It is, deevebens, tlace tak atuge be 46 ones tdeadl to form a 
committee of consulting, intendent, and chief engi- 
neers to form an association, say, on the following 


principles : 

First. To make the association a purely scientific one, 

having for chairman one of the leading men directly con- 
with rt mr orm Lm Nag as owner, builder, 

on constructor of engines (marine). 

Secondly. That the admission of members and associates 

shall be by ballot. 

Thirdly, That all candidates must be connected with the 

marine engineeri pee Te oe Oe 

builder, engine- Shade mgr me A oy 

engineering, such as sea-going engineers, foremen, mm 


required was ® uniformity of ation, so that on ee aren law had only to be withdrawn from the axe, | also that val 








SAFETY VALVE SEATS. 
To THe Eprror or ENGINEERING. : 
S1r,—Having thus far followed the investigation of the 
Sige ny ak tl rp eee T 
) me to Say 8 urs 
eegpetions 300 ie brag ight forth ; 
w ; 
oy bane vagotomy nang nh yer —_-. 
is necessary for me anyt upon 
subject, but I am anxious to auyeee @ tensbene dheaine 
the constructed safety valves 


inactive. I have met with it in my own 
In the construction of gebte webvee qenenel the brass 
which the valve rests turned to fit that 
box which is bored out to receive it. 
The custom in Canada is to coat the outside of the ring 
with a mixture of red and white lead, drive it into the cast- 
ing and let it go without any further fastening. It may be 
a fit it may not; but in either case it matters 
little, for it will eventually become slack by expansion and 
contraction, as has been shown by Mr. Phillips While in 
that state, if it becomes pesssuney $2 cane e@ valve, the 
ressure of steam in the boiler force the seat up with 

valve, in which position it will remain and conseq 

prevent the steam from escapi , with the exception of the 
ittle that may its the ontsi 
ing and the ing, 


i 


heir positions, and 
flat, which would prevent 
ipping action which conical 


uded to by you. 
may be of some 


T remain respectfull 4 
. H. SHorr. 
41, Balmoral-street, Montreal, Canada, October 6, 1876. 








TELEGRAPHIC RecEIprTs.—During the six months endi 
June %, oe Eastern hearer yroon Peery yg R... 
China Telegra ompany (Limited) receiv 3851. from 
the feonsuiteien of messages, ot from the subsidy re- 
ceivable from the Government of New Zealand, and 21001. 
from the subsidy receivable from the Government of Tas- 
mania, 


Sr. GorHarD TuNNEL.—An international commission 
charged with the duty of ing upon the St. Gothard 
Tunnel have officially remarked t, thanks to the im- 
a machinery which has been introduced, the works 

ve made we progress of late, so that, unless unforeseen 
obstacles should supervene, it will in future be com 
tively easy to complete the tunnel at the average 
20 ft. per “e. this average should be attained, the 
works will carried ——— within the period pre- 
rw te the original international convention upon the 
sul . 


Tue New Russian Fioatine Dock.—We understand 





that Messrs. Clark, Standfield, and Co., of Westminster 
and Millwall, have shipped to the Im » at 
Nicolaieff, Copasiting they have constructed 
for the Russian Government, and that are now 
F acy ted on the site intended for it» We are informed 
that it is expected to be 


completed about April next, when 
it will be thoroughly tested by its constructors, docking on 
it one of the large circular i also an ironclad of 
See =e panic My ge pal veay mpedaor Ape oor nem 

com, 7 anaes which is capable of docking an 
ordinary gun-boat. , 





Hl 
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THE MUSCONETCONG TUNNEL. 


THE MUSCONETCONG TUNNEL, 
By Hannzy 8. Datvxzn, E. M. 
(Continued from page 352.) 

Wr will now turn to the methods adopted of enlarging 
and arching under loose rock in heading No. 1, Figs. 11 an 
12. As before stated, the collars in the heading were put in 
high enough to clear a 2-foot or 6-brick ring. It was de- 
cided to widen out and arch in sections of about 18 ft. to 
20 ft. at atime. The first thing to do was to dress down the 
sides, which, under this 268 ft. of loose rock, had been con- 
tracted about 8 ft. on a side from the ordinary full width in 
taking out the bench, in order to leave a firm support for the 
legs chove: 

n Figs. 11 and 12, (1) shows the collars, (2) the prope, (8) 
a bar occasionally put in to hold the legs in place when 
dressing down the sides, if the rock is very loose, and (4) a 
raker supporting this bar at its leading end, the back being 
wedged in the masonry. 

No foundations were deemed necessary, the walls being 
started on the solid rock at tunnel sub-grade, or 1.75 ft. 
below the base of the rail, and built 2 ft. thick at springing 
line, 9.75 ft. high, with a batter on the face of 1 in. to the 
foot for u 9 ft., making them 2 ft. 9in. wide at the 
bottom. alls and about 5 ft. of the arch were built rubble, 
of Potsdam sandstone brought from quarries at Bethlehem, 
Pa. Rosendale cement was used with one-half sand, the 
latter brought from Mayes pe arch of hard burnt brick 
from ille, N. J., with mortared backin a 
enough to catch feet of props, and thence r up to 
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collars. Under each collar a brick packing was 
built at the crown of arch, about 5 ft. out each side of 
centre line ; also at the end of each section a 2-ft. counter- 
fort wall was run up from the arch to the collars. 

No Table is given of these sections, for the exact progress 
cannot be 1 y~ of each separately, as may 4 abut- 
ments would be run up for several at once. e ribs or 
centres used (shown in Fig. 12) were of 3-in. oak plank, 
made in six segments, 25 ft. wide from outside to outside at 
bottom, being set 8 ft. above spring line, and the walls built 
to that point with profiles. Each full segment was 6 ft. 8 in. 
long, with an ordinate of 1 ft. 2in. at centre. Middle ribs 
made of two, and leading ribs of three, thicknesses of plank. 
Segments bolted er in two-ply ribs with plates of 
boller iron at each joint, 1 ft. 2 in. x8 in., with four }in. and 
four fin. bolts each. In three-ply ribs, plates were only 
used where joints came outside. Inside joints of middle ply 
each bolted with four } in. bolts, as shownin Fig. 12. These 
ribs were footed - ordinary we oe ae on half 
timbers running the length of the section supported b 
props, one under each rib, footed on 6 in. x12 in. sills. a 
—7 one 5 fe nly eye in — 
The application owing rope to pass t h 
the shaft, is ctnal tot be original and ¥ the Seuuntion of 
Mr. Jacob Snyder, who designed the first one built at the 
Summit Tunnel, ag Ae Railroad, while putting in 
masonry there for Mr. McFadden. 

These derricks, with two men, will lift a stone of 2400 Ib., 
and are conveniently taken apart and moved from section to 
section. 





count of headings above. 


ment, on reaching soft fre 
turning a 12-ft. section o 
givea 


(3), so called, of s; 
long, were p! 


these are supported 


two longit 
hemlock, 


Ul 
and across these 
props are of 12-in. to 15-in. spruce, and they, as well as the 
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This finishes our account of rock mining at Musconetcong. 
Now, we will proceed to the methods of enlarging and arch- 
ing in soft ground, Figs. 14,15, and 16. The system used 
was the so-called English, described in full in Simms’ re 
of the Blechingly and Saltwood tunnels (1844) and in Rzi 
Lehrbuch der gesammten Tunnelbaukunst (1868). A short 
summary of the method, however, may be interesting. In 
the statement of the formations passed through, it will be re- 

bered, it was shown that about 700 ft. of the tunnel 
— passed through soft ground, the material being red 
white clay and decomposed 
headings were driven, the iculars being given in the ac- 





eiss. Through this, top 


3ft. 6in. above the crown of the arch, 
measured in the clear—top width, 8 ft.; bottom width, 10 ft., 
by 8 ft. high. In coming west from the slope, the e 
und, was commenced 
bearing for th wrk The ground was 
ing for the subsequent work. ground was 
taken out in 15-ft. ant rs whe, First, two crown bars 
ce, about 30in. in diameter and 21 ft. 
in the top heading, one on each side of 
centre line, and about 3} ft. apart 
at the back (Figs. 14 and 16) on the 
arch, already turned, being given an 18-in. bearing, and at 
the face, at first on props (8) in the heading, footed, as shown 
in Fig. 16, on a bearing made by 
dinal pieces (4), sa 


in very soft ground 
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section to cesta, Lociees of being struck, as 
shorter ones are. 
centre to the level of the top sill bed, about 7} ft. mg 4 


bottom of the two crown bars, and stren 
me “¥ ——- rop (9) under each of 


of about 20in. in their len ‘ 
el of bottom of sill, and lagged in the face with 


te the remaining drawing bars, are put in with 
24 in. of sprague or inclination forward, the 
throw the weight down and forward as much 
lle off the face of the sections. 
is widened so as to admit two more 
ld in place at first by short back pro 
(Figs. 15 and 16). The 
they are drawn forward from 


g5ES 





un 
six 





inch boards, are designed both to keep back the earth and to 
help in supporting the bars, while the miners drive out on 
each side for the top sill holes, and its bed being prepared, 
the sill is put in place (10, 10), Fig. 16. This sill is of 18-in. 
pine, square, 31 ft. em. cut in two for convenient handling, 
the joint being clamped with two plates, one above and one 
below, of 2-in. iron, 4in. wide and 5ft. long, with 14-in. 
connecting bolts passing through the sill; also, around the 
sill and over these plates, are passed two clamps of 4-in. iron, 
3in. wide. To take the weight off the centre of the top sill, 
and also the middle sill, when there is a bottom heading, 
saddles of oak (11) and (16), 9in. by 18in., and 16 ft. long, 
are place on each sill and clamped to it by two bands of 3-in. 
by 4-in. iron, located about 2 ft. from either end of the saddle. 
On this saddle, or on the top sill when no saddle is used, 
props are now footed extending radially one to each bar. 
This gives the drawing bars three props each in the face, and 
it should be remembered that the drawing and all lower bars 
are firmly supported at the back, on the masonry of the last 
section built. Before going further, it may be well to de- 
scribe the method of drawing the bars a little more in detail, 
as we believe this to be the first tunnel in America in which 
the system has been put fully into practice, the principle 
adopted being generally to brick in all timber used, thereby 
ogulinton it necessary to provide, bring in, and hoist into 
place, a new set of bens ‘or each section. Figs. 17 and 18 
show the process. Let (1) Fig. 18 represent the bar bein 
drawn, and (1) Fig. 17, its proper place. In this instance, it 
will be observed, it is the third bar, two being already drawn 
and in place, and shown by (2) and (3), footed at the back 
on the arch (4), and at front on the Props (5) and (6). To 
start and work on the bar, a claw-bar, te a devil, is used, 
bearing on the top of the arch asafulcrum. Before the bar 
is drawn, a bed is dug out for it, as shown Fig. 17, and 
the dotted circle (1) shows its Lage caper pany being 
drawn and in place, it rests on this bed until propped up at 
its farther end, similarly t> (2) and (8). The earth is 

dug from under it, and the work continuedon. The succeed- 
ing bars above the top sill, generally three on a side, need 
only one face prop, extending radially from the sill, and are 
16 ft, 6in. long, and from 16in. to 18in. thick, The twelve 
radial props, and all those below between sills, are footed on 
wedges placed between them and the sills, so that on the 
wodnes boing Kateked out, can more easily be removed 
when the section is finished. top sill being in place, it 
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is braced at both ends by stout stretchers, butting against it, 
and extending back to the masonry, and the bars are made 
all secure by small stretchers from one to another. The 
miners next sink at the centre again to the level of the middle 
sill (13, 13) Fig. 16, and, at the same time, drive two holes 
down through the earth, so as to get in at once the rakers 
(14) Fig. 15, to brace the top sill. These rakers are of 1 ft. 
square white pine, about 28 ft. long, and fit the top sill, as 
shown in Fig. 15; they are surrounded at the top with a 
clamp of 4-in. iron, 2 in. wide, to prevent splitting. Having 
sunk to the level of the middle sill, the miners widen out on 
each side, putting in the back props (15), Fig. 15, extending 
from the top sill down behind the middle sill and footed on, 
say, 3-in. foot blocks at the level of the bottom of the sill. 
They are given a sprague of about 20 in. in their length, and 
where there is a bottom heading, those coming over the 
heading are footed on the collars, an additional prop being 
usuaily put in below, as shown in Fig. 14. These back props 
are lagged with inch boards, and are designed to take the 
weight off the face, while the second sill can be put in piace. 
When ground is very heavy, rakers similar to the sill rakers 
are put in to brace some of the back props, being caught in 
them by a joggle, or joint, and extending down on an angle 
to the floor of the tunnel. The back are generally 
about twelve in number, varying with the wei Et of the 
ground, and run from 12in. to 16in. thick, set about 24 ft. 
apart from centre to centre. The face having been made 
safe, the middle sill (13, 13) and its saddle (16) are now put 
in place and the sill braced by stretchers at either end, ex- 
tending back to the masonry, asin the top sill, and by two 
or more rakers similar to those holding the top sill, only 
shorter; also between sills two or more bars are put in at the 
sides, as needed. About ten props, a little lighter than the 
back props, and about, say, 24 ft. — from centre to centre, 
are wedged in between sills, and then sinking is again com- 
menced at the centre for the bottom sill, where there is no 
bottom heading, and the back props, similar to the upper 
ones, being put in place, the remainder of the material is re- 
moved, and the bottom still bedded; one or two bars, as 
needed, being put in between sills again to keep the sides 
back. In very good ground no bottom sill is needed, as it is 
sufficient to foot the vertical props, put in to assist in holding 
up the middle sills, on 8 in. foot blocks, they being similar 
to those between the middle and top sills. Of course, the 
number and strength of all these props vary, according to the 
weight of a section, and sometimes more may be needed ‘on 
one side than on the other: Where there is a bottom head- 
ingyafter getting in the middle sill, the collars and legs of 
the heading are’pulled down, and the sides widened out, the 
bottém sills (18, 18) Fig. 16,on either side only extending to 

the side of the heading. 
The section being excavated, foundations are sunk on either 
to the 


ide to such a d be advi ding being pronou 
matental (at Sccolinceenerdiows apetaena and one or 


two props are putin them to hold up the ends of the bottom 
sill. @he sectiomis now ready for the masons, and it will be 
observed that the following are needed inordinary soft 

round to do the above work, the sizes being gauged for 
fs-te. lengths: 

Twenty-four bars, as follows : 

Six drawing bars, from 22 in. to 30 in. in’ diameter,21 ft. 


ong. 

ox additional bars above top sill, from 15 in. to 18 in. in 
diameter, 16} ft. long ; these six and the lower bars not being 
drawn ahead, but struck as the masonry gets up to them. 

Four sill stretchers, about 16 in. in diameter, 15 ft. long. 

Eight bars between sills, from 12 in. to 15 in. diameter, 
16} ft. long. 

‘Two sills, 18 in. square, 31 ft. long. 

One bottom sill, Sin. by 20 in., 31 ft. long, or two 12 ft. 
long where there is a bottom heading. 

wenty-two props, from 12 in. to 165 in. in diameter, for top 

bars, running from 2 in. to 8} ft. long. 

About 18 sill props, 12 in. in diameter, and 7 ft. long. 

About 18 back props, 15 in. in diameter, 8} ft. long. 

Two, and sometimes three, long top sill rakers, 1 ft. square 
and from 28 ft. to 30 ft. long. 
Two or three middle silf rakers, 1 ft. square, about 12 ft. 


1 


ng. 

Also a number of short props and stretchers for bracing. 

* Now, all the above timber is saved each time, and used 
over in the succeeding section, nothing being left in but the 
boarding used for sheeting above the bars and at the sides. 
On an average, it takes about ten miners, thirteen labourers, 
and a boss, when there is no bottom heading, from five to 
nine days to mine and timbera 15-ft. section, the work being 
always considered half done when the vop sill is set, and the 
radial props to the bars are in place; and from four to six 
days where there isa bottom heading. 

he masons follow the miners at once and run up the side 
walls and arch, as described in the arching under loose rock, 
the only difference being that through soft ground the walls 
were increased to 2 ft. 6 in., and in very heavy ground 3 ft. 
thick at ~ ay bay with the same batter of 1 in. to the foot 
on the face. In the soft ground archin ¢. however, there was 
considerably less packing than under lopse rock, where the 
corners of the collars and legs made a large space to fill on 
the haunches. It has been suggested that in adoption of a 
modification of the drawing bar system, in enlarging through 
loose rock, would have avoided the necessity of taking out so 
much rock and then filling it in again, and this might doubt- 
less be a more ical plan in direct outlay, but, in 
reality, much more expensive when the question of time 
comes to be considered ; for undoubtedly in most tunnels the 
= question is time, and a temporary ex is often a 

eavy saving in reality, if it ee ites work. 

In soft ground, the arch was ei’ of seven or eight 
bricks in thickness, according to the weight of the ground, 
pre again: pees | carried ben a a 6 ft. *. yt spring, 
and, on being packings, Fig. 14 (1), two 
bricks thick each, were run up between the i i > 

wv to 








ever, between these packings and the sheeting, are placed 
“ breaking-in pieces,” as they are called, of 4 in. x 6 in. stuff 
—Fig. 14 (2). These project about 4 ft. beyond the face of 
the masonry, and are braced by pieces of 2-in. plank, footed 
in the ring (Fig. 15). They serve to support that portion 
of the sheeting beyond the arch over the drawing bars, which 
would otherwise crush when the latter are struck. And with 
reference to the striking and drawing of these bars, it should 
be understood that they are placed with about 10 in. rise in 
their lengths, so that, when the arch is keyed and the break- 
ing-in pieces in place, the props are knocked from under the 
bars, and they drop loose from their original position (3) to 
(4), Fig. 14, and are then easily drawn. Were they placed 
so that the arch came directly under them, ina heavy section 
where everything is continually squeezing and crushing, 
they would become so tightly packed that it would be im- 
possible to move them. In ordinary cases they are started 
and worked along with a devil (Figs. 17 and 18), or claw-bar, 
as described above. But when the bars stick, it becomes 
necessary to bring a strong screw-jack—“Joe Smith” by 
name—into play, shown in Fig. 19. In the illustration, the 
int of sight is supposed to be in the upper corner of the in ¢ 
leoiien. 1 is the Ser te be drawn, resting on the arc 
already turned under it ; 2 is the screw connected with the 
bar by a strong chain 5. By turning the nut 4 by the lever 
3 the screw is drawn and the bar must follow, the screw 
being held in place by a framework of stout timber buttin 
on the brickwork. These jacks are tremendously powerful, 
and with them either the bar must come, or the chain break. 
As the miners say, if a bar is so tight that “ Naythur the 
divvil nor Joe Smith can move him, he can go to hell 
entirely.” In some sections in the tunnel, where the ground 
was heaviest, the props actually sunk some 3 in., or more, 
into the crown bars, and the brick packings, as soon as the 
weight came on them from the bars being drawn, were 
radually ground into fragments. Several times heavy 
to have been broken, and twice the sills were crushed 
from the heavy pressure, but in each case with no further 
damage owing to the constant and watchful care of 
mining superintendent. It should be noted that in this 
method of enlarging, all the timber, except the oak 
saddles used for strengthening the sills, should be of 
soft wood, the object being, in heavy ground, to leave a 
chance for a slight give and take through the whole work. 
Were hard wood used, it must either hold or break, while this 
has» chance to adapt itself to the situation, very much on 
the principle that it is advisable to slacken centres slightly 
soon after the arch is keyed, that the compression may cause 
the closer bond to be taken by the cement while setting. As 
torthe kind of wood used, it of course depends much on the 
locality. “wit Musconetcong, the bars, stretchers, and props 
were of spruce, and the sills and rakers of pine, these woods 
i need to be about the best for the purpose. The 
bars being drawn, after each is removed, a man goes into the 
hole, and with either broken rock or pieces of plank packs the 
space all firm and tight between the arch and the sheeting 
above, and the section is then plete. It will be seen by 
consulting Table 10 that ordinarily it took about eight ten- 
hour shifts for the masons to run up a section. Eight shifts 
is a fairestimate where there are deep footings, and eight 
rings of brick in thearch. Of this time 3} shifts are spent in 
utting in the foundations and running up the walls to rib 
fine ; one shift in setting ribs and putting on the remaining 
2 ft. 8 in. of stonework; two and a halfshifts more to run up 
to key, and one shift to put in the final 2 ft. of keying. 
Should there be light foundations, and seven instead of eight 
rings in the arch, this time might be lessened by a shift, half 
the saving going to the foundation and half to the arch. 
Without a bottom heading, where the material has to be 
loaded and sent down from above, one of these secticns will 
require to a shift: six masons, three on a side, sixteen 
labourers, one boss. 

Where there is a bottom heading, as was the case in the 
latter part of the work, this force can be lessened by about 
four labourers. 

Now, in the above description of excavating a section in 





soft ground, we have taken the most favourable case, that.im} heard 


which the earth adjoins the solid rock, a section being: first 
turned under the latter to serve as a bearing. To expedite 
the work at Musconetcong, section*mining was also com- 
menced and carried on at the shaft, andat:a point about 26 ft. 
in advance of the final location of the west entrance. In 
these cases where there is no masonry to take upone end of 
the bar, it becomes necessary to support both ends by a 
similar system of face timbering: then the arch being turned 
gives a bearing point each way. And in the case of beginning 
with a shaft length it — difficult work, as the shatt 


must be left open for hoistang. wee in soft ground ‘ 
was first started at the footof No, 1 K, andie 20f: 


section deemed advisable,-the shaft being 8 ftxwidetin: the 
clear, with 1 ft. square timber. \The three beirs:that:would 
interfere with the hoisting compartment were. ‘left out, the 
shaft timbering taken ap and su remaining 
bars and the space between bars keptup g stretchers. 
The walls being run up, centres..were set on each side of the 
shaft and two 0 ft. sections of arching run around; the shaft 
and its timber taking up 10 ft. of the 20 ft.; these two rings 
then served as bearings to start the subsequent -work either 


way. 

Where masonry is in this way started from several points 
especial pains have to be taken, on the differentifaces of work 
coming together, that the final keying-in or “ pigeon-hole” 
should be put in with the greatest care; it being necessary, 
of course, to key from below; unless, indeed, some mason 
chooses to sacrifice himself to the cause of duty, by bricking 
himself in above. This latter, however, is seldom done. In- 
deed we do not recall any well-authenticated instance in which 
a junction was ever so signali 


The water from this i gat the shaft was pumped up 
into the top heading, and drained out through it to the open 
cut, until the bottom bench of the shovel cut having reac 


a point about 23 ft. back of the final entrance, on September 7, 
i874, bottom heading or adit (No. 8) was started, which 








met the enlargement coming west from the shaft November 13 
at 10 a.m., and in that month, the arching between the shaft 
and slope being completed on the 21st, the water in the slo 
workings finally found a clear outlet, and pumping at the 
slope was stopped. Through this bottom heading, also, all 
material excavated in section mining was subsequently taken 
out, hoisting at the shaft being discontinued, and through it 
all material for mason work was brought in. One great 
advantage, it will be readily seen, in driving a bottom heading 
through soft ground as soon as practicable, is the smaller 
amount that the earth in section mining is thereby handled, 
as instead of being shovelled back in a sort of stope and then 
shovelled again into the cars, with a bottom heading the cars 
can be run right under the section as soon as the top is out, 
and a hole being sunk through the dirt is run down 
directly into the cars below, the cars holding about a yard 
each. 

Hoisting at the slope was also discontinued after the meet- 
ing of the headings, and all broken rock from the bench 
thereafter sent out also through,this bottom heading. 

(To be continued.) 








HOW TO MAKE STEAM AND WATER 
JOINTS. 
By JosnHua Ross. 

In making a joint requiring to be either water or steam 
tight, there are several considerations claiming our attention 
besides that of the joint itself. It is not uncommon, for ex- 
ample, in small engines, for the back cylinder cover to 
carry the ends of the guide bars, and in considering the 
joint between that cover and the cylinder we must, 
therefore, remember that if the joint when made is thicker 
on one side than on the other, the guide bars will be thrown 
entirely out of line with the cylinder ; and this is very likely 
to happen unless the cover enters the cylinder to some 
distance and is a driving fit. In all such cases, therefore, 
a ground joint should be made. The ground joint is the 
most perfect of any, the scraped joint not excepted ; and for 
surfaces in which one can be moved upon the other to 
perform the grinding, it is a very cheap one. If the joint 
has occasionally to be broken, the ground joint is by far the 
safest and cheapest, for once properly made it will last for 
years, and may be taken apart and put together again as 
often as is necessary, with the absolute certainty that if 
properly cleaned and then oiled or greased, it will net leak. 
‘To make such a joint we proceed as follows: Around the 
bore of the cylinder, and extending nearly or quite to the 
bolt or stud holes, the cylinder end face should - project 
about s; in. above the rest of the face, and upon the 
cylinder cover a similar slight projection should be left. If 
it should be deemed that the opening between the cylinder 
flange and the cylinder cover will mar the appearance, 
these projections may be left very slight indeed,-or in 
cylinders up to 18 in. in diameter may be omitted,alto- 
gether. Standing the cylinder on end, with the face to 
be operated uppermost, we clean off the faces of the eylinder 
and the cover, and apply to the cover face a very light 
coating of red marking—that is to say, a barely perceptible 
coat. Red marking must not be made of red lead, because 
it settles to the bottom and leaves the oil floating. on top. 
Venetian red is the best material, and it should Se mixed 
with any lubricating oil toa thick paint, and applied to the 
work on a piece of rag or waste. After it is coated lightly 
and smoothly all over, the hand should be passed over the 
whole surface marked, because any grit left on the surface 
will cut the faces of the joint when they are rubbed together 
to fitthem, and there is no wiping material that will so 
effectually clean dust from a surface as the hand will ; and 
furthermore, the sense of touch will instantly detect any 
grit present. The cover may now be put into its place on 
the cylinder and rotated back and forth a turn or so to 
insure that it is properly seated, and then we may strike 
a light blow with a piece of wood or the end of the handle 
of the chipping hammer ; and if the cover does not fit pretty 
closely to its seaty/a sharp metallic sound will be distinctly 
when’ the blow is struck over the parts of the face 
that: are much out of true. Hence, by striking the blows 
all.around the flange, we can easily find, not only the high 
and low spots, but can determine, after a little practice, by 
the degree of the sound, how much the faces are out of true. 
We next rub the cover back and forth on its seat, so that 
the marking on the cover will mark the high spots on the 
cylinder faces If, however, we make the forward reciprocat- 
ing movement of the cover a:longer one than the backward, 
we shall give to it a gradually. rotary as well as a recipro- 
cxting movement, and ‘this will: tell us if the face of the 


peover is true or not, for if thermarking is removed from the 


face of the cover in two diametrically. opposite places only, 
“it shows that thecover itself is not truey.and if the cylinder 
face also marks on two diametrically opposite places only, 
it is that both the faces are a deal out of true: 
but is no knowing which one is the most ont, and so 
we mtst file off each an equal amount. If either face 
marks«in more than two places it is evidence that it is pretty 
nearly ‘true, and it follows that that face does not need 
much; filing. Here it becomes necessary to state why the 
movement of the cover when being tried to its place must 
be back and forth, as wellas rotated by the movement 
already explained. If we revolve a radial surface of metal 
upon a similar surface they are extremely liable to cut or 
abrade each other, and the presence of the least grit will in- 
evitably cause them to cut; and if cutting once ins, he 
metal gathers upon the cutting part, increasing its size so 
that the groove cut will get deeper until a complete revolu- 
tion has been made, and this rule applies to all revolving 
surfaces, but more particularly to radial or conical ones. 
By making the movement « partly reciprocating one we 
destroy this tendency, and either imbed the grit to the 


iron or else work it out. To proceed, however. If during 
our ap oy blows induced a and metallic 
sound as above described, we take a rough and ease the 


high spots on both the cover and the cylinder face, filing a 
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deal off the face that shows diametrically opposite 
a spots only, and but very little off the face that 
shows three or more bearing spots. In this latter case, 
indeed, it is better to use a second cut than a rough file. 
We next wipe both faces quite clean, apply the marking to 
the cover as before, and try it to its seat again ; rubbing it 
in the same manner to its seat and testing it for the metallic 
sound asin the first case. So soon as this souud ceases we 
may take a second cut file and fit the faces until they bear 
in at least four different places, when a smooth file should 
be used and the fitting and trying continued, until a very 
light coat of the red marking will show both the cover and 
the cylinder face to mark in spots not more than an inch 
apart ; and we then may take a flat scraper, made by grind- 
ing the end and side faces, near the end, of 8in. or 10 in. 
smooth flat file to a keen edge, and with the scraper ease 
away the high spots, pressing the scraper firmly to its work 
and making it cut fine scrapings, using the scraper in 
strokes of about } in. for a large face and 4 in. for a small 
one. Where the two faces show about an even contact all 
over, the grinding may be performed as follows : 

The two faces must be wiped quite clean, and then -with 
an oil can we can run a line of oil around both the cylinder 
and cover faces, and then with the fingers sprinkle on them 
some grain emery, of a grade of about 50 for a cylinder 
whose diameter is, say, 14 in. or over, and of a grade of 
about 60 to 65 for smaller diameters; if, however, only 
coarser grades of emery are at hand it may be ground finer 
by abrasion on an iron block, using a hammer face to grind 
it with. The emery and oil being ongeaee we place the 
cover in its place upon the cylinder, and give to it the recip- 
rocative rotary movement already described, continuing 
the movement until the cover moves so smoothly and noise- 
lessly that it is évident that the emery has done its duty. 
We then take the cover off and examine the faces. 

If there are prominently bright spots upon either face, 
denoting that the emery has not operated upon them, it will 
pay to take the scraper again and ease away the dullest and 
most frosted-looking spots, which denote that they have 
suffered most during the grinding operation. The difference 
between the spots that have been the most and those the 
least affected by the grinding will be very plainly visible if 
the faces are wiped clean. We must continue the grinding 
operation with this grade of emery until the marks show 
the grinding to have been performed pretty evenly all over 
the faces, and we then apply a coating of oil and emery, as 
in the previous operations, the latter being in this case of a 
grade of about 70, moving the cover as before until it 
revolves so smoothly and noiselessly as to indicate that the 
emery is no longer doing any duty. Having continued this 
process, applying fresh emery and oil until the face appears 
true, we may perform the finishing and testing process, which 
is of the utmost importance, since it will detect the faintest 
possible defect in the job. Wiping the faces quite clean, 
we put the cover in place upon the cylinder again, and move 
it as before back and forth, and yet slowly advancing ; but 
it must be borne in mind that if the cover makes the least 
jarring noise during the operation we must at once remove 
it and wipe it clean again, or the faces will abrade and become 
destroyed. There is no danger of this, however, if the cover 
is at once removed when the jarring sound is heard. If it 
is not heard, we continue the operation until the cover has 
made four or five revolutions and then remove it, and we 
shall find that the emery and oil, which had impregnated 
the surfaces, nave worked out. We again wipe the faces 
clean and put them together and rub one upon the other 
as before, bearing in mindthat if the faces cling much 
one to the other, we must wipe them cleanagain. Usually 
the finishing process requires performing about three times, 
and then the faces will have become as bright and clear as a 
mirror, magnifying the slightest defect in the joint. Joints 
made is this way will stand any pressure without leaking 
(unless the pressure be so great as to spring the metal of 
the cover), and the workman may rest assured that the 
joint cannot leak. It is well, however, when making the 
—_ to put a little oil or pure tallow on the joint ; and itis 

from this that it is called in England a grease joint, while 
in the United States it is termed the ground joint. It is 
more usual, however, in England to finish the whole joint 
by scraping ; but this isa much more tedious job, and not so 
good a one after all. Here it becomes necessary to remark, 
that in order to be able to handle the cover readily. it is 
best to bolt to it a wooden lever overhanging both sides of 
the cover, and to serve as a handle in moving it. And dur- 
— grinding we may place a weight on the cover, which 
will greatly expedite the process. It would appear that 
this is along job, but such is not the case; for a 16-in. 
cylinder face and cover ss in. out of true, one with the other 
can be got up in half an hour. It is obvious that this kin 
of paw is best suited to circular faces. 

oints for square or rectangular faces, such as steam- 
chests, are made in various ways. The smaller sizes are 
frequently made with combination rabber—that is, sheet 
rubber having a linen or other web running through it ; 
with one such web it is called single, and with two webs 
two-ply, and so on. There is in many cases, however, an 
objection to this form of joint, in that it compresses ; an 
ey in the case of the steam-chest, for example, it affects 

e distance of the side spindle hole in the chest from the 
_ and throws it somewhat out of line with the eccentric. 
~ lon; eccentric rods the variation is of course minute ; 
jan still it exists, and must exist, since it is impossible to 

exactly how much the rubber will compress in maki 
the joint. Furthermore, if it is required to break such a 
Joint, the rubber will very often cling so tenaciously to the 
— in one place and to the chest in the other, that it will 

asunder in b the joint. To obviate this as much 
ped pe however, we may chalk the rubber on one face 

b slightly oil it on the other, so that the oil will aid the 
rubber in « ng to one face, while the chalk will assist it 
fe Separating from the other face of the joint. The joints 
ee ae in American locomotive practice are made 

vely and in a very cheap manner by putting in them, 





instead of rubber, a lining of softened sheet copper about 
sx in. thick, and in this case the seat, after ing, may 
=) merely filed true to a straight edge, with a second cut 


le. 

In English railway practice, there is a very difficult joint 
to make upon inside cylinder locomotives, in nearly all of 
which the steam-chest is placed between the two cylinders, 
the latter being east with one-half of the steam-chest on 
each, and a flange being provided to bolt them together. 
Thus the joint runs from end to end of the cylinder, and 
covers a large surface, since the steam-chests are about 28 in. 
to 30 in. long and from 13 in. to 18 in. high. To scrape or grind 
up such surfaces to a steam-tight fit would be altogether too 
costly, and the following method is largely resorted to : The 
surfaces of the joint are planed and filed to fit one another 
tolerably accurately, and, extending to the edge of the 
joint and inside of the bolt holes, a V-groove is cut, so that 
when the cylinders are bolted together there will be formed 
a dovetailed groove, with the narrowest width ens into 
the steam-chest ; into this groove a dovetailed rod of copper 
is slipped, extending all along the grooves, and with the 
narrowest part of the copper protruding into the steam- 
chest ; with a small ball-pened rivetting hammer the copper 
strip is then closely rivetted into the groove, and thus the 
joint is made. In making such a joint, care must be taken 
not to make the groove, and hence the strip of copper, too 
wide, or else the copper expanding more than the cast iron 
is apt to spring the joint open behind the copper. 

For boiler fittings and to stand a high temperature of 
steam, the best joint is the gauze-joint—that is to say, pro- 
viding the fitting is not rivetted to its seat, as it sometimes 
is : this is not, however, a commendable practice, because if 
the fitting should become worn out, should break, or from 
any other cause is required to be removed, it may be a diffi- 
cult matter to get inside the boiler to rivet the new fitting. 
It is far better, therefore, to make a gauze-joint, which is 
done as follows : we first drill the holes in the flange of the 
fitting, which will reduce, to the extent of the area of the 
holes, the area of metal to be filed when fitting the joint- 
face ; we next chip (if necessary) and then file the flange of 
our fitting, so that it will rest steadily upon the boiler when 
omnore, | in its proper position; and when the joint is 
approaching a fit, we may mark through the flange the 
holes upon the boiler, and after drilling and tapping them, 
put in our studs or standing bolts, and then bolt our flange 
to its seat ; first, however, coating the seating on the boiler 
with a thin coat of red marking, so that it will leave a 
mark upon the flange where the two faces touch. Having 
bolted our flange to its seat, we may cause the marking to 
show plainly upon the flange seat face by striking the out- 
side of the face with a hammer, interposing between the 
hammer and the flange a piece of wood, and placing the 
latter between the nuts ; and then, when the flange is taken 
down, the spots where it fits to the boiler will be very plainly 
marked. In this connexion, however, a few remarks require 
to be made. This method of striking the fitting to make 
the bedding marks show plainly must be at all times ve 
lightly performed, especially in fitting scraped joints ; for 
have known many cases (especially in England) where a 
scraped joint has leaked from corrosion, or some similar 
cause, and the standing bolts or studs, being rusted in their 
places, could not be extracted, so that there was no alter- 
native but to scrape up the surfaces as they stood (such a 
job is a done upon the outside ends of cylinder 
faces), and as a result the scraping must, on the cylinder 
face, be performed as the latter stands, and with the studs 
in. If, in such a case, we strike the outside of the cylinder 
cover with a hammer and piece of wood, and do not take 
care to do it very lightly and about evenly all over, we 
shall have an almost endless and assuredly a faulty job, be- 
cause the force of the blow will spring the cover to the seat 
whether it fits in that particular spot or not, and the marks 
will therefore show both upon the cylinder and cover faces 
wherever the blows were delivered, regardless as to whether 
the cover bedded properly or not ; and hence the scraping 
may be done in places whereit should not be, and the marks 
will show all wrong, and tend to mislead. I have, from this 
cause, seen faces that, according to the marking, bedded 
well all over, leak very badly when the steam was got up, 
and that in English practice, in which a 16-in. cylinder 
cover will sometimes have 25 standing bolts around the 
fla: ; whereas in American practice not more than a dozen 
would be employed. In this latter case, therefore, it is 
better to omit striking the cover at all, unless it be done 
very lightly ; for the marks will show plainly and properly 
if the marking is distributed evenly by the hand, and the 
cover is bolted at each trial tightly to its seat. To proceed 
with our boiler fitting, however : we file the flange until it 
fits to the conformation of the seat, but taking care that it 
fits the most closely around the hole—that is to say, in a 
ring extending from the inside of the bolt holes to the hole 
of the flange. And this is a highly important consideration 
in joints of every description, for, if a joint is made there, 
that is all that is necessary, and the fit outside of the bolt 
holes—that is to say, from the bolt holes to the perimeter 
of the flange— nothing to do with making the joint, 


dj unless the studs or bolts leak, and in that: case the leak 


will find egress beneath the nut, unless grummets are 
used. A grummet is a washer made of twisted hemp, cot- 
ton, or other material, and coated with red lead, or putty, 
as it is sometimes erroneously called, and they are placed 
beneath the heads of bolts, or under washers placed beneath 
nuts to stop leaks : they are merely, however, a convenience 
for rough workmanship. It is not necessary to ease the 
flange from the bolt holes outwards much away, but to 
merely make the flange or fitting bed clearly and distinctl 
the most around the hole and up to the inside of the bolt 
hole ; for, if there was given too much clearance, the 
would bend from the pressure of the nuts, and would in 
consequence spring if made of brass, or break if made of 
cast iron. We next prepare the red lead or putty as follows : 
Into white lead ground in oil we mix as much der red lead 
as will form a mixture of the consistency of putty, making 





the mixture thorough by well hammering it with a hand 
hammer, for if this is omitted, small unmixed lumps of red 
lead are = to remain and — the quality of the mixture, 
and therefore of the joint. Into this mixture many will put 
a quantity of hemp cut into shreds about half an inch long, 
and then make the joint with that alone ; this is defective, 
however, if the joint is to stand pressure. We then take some 
fine wire gauze—that is, gauze of wire about 7; th of an 
inch in diameter, and having about 30 meshes to an inch of 
length—and of this we make a disc to fit the flange, taking 
care to cut out the gauze where there are holes in the flange. 
We then, witha piece of steel wire, spoon-shaped at one end, 
spreadall over the seat of the joint a coating of the lead near! 
Ys in. thick, and place over it the gauze wire, and then bolt 
down our flange, and there is no fear of its leaking ; if, how- 
ever the joint is an old one and in bad condition, we may 
make doubly sure by cutting out a second ring of gauze, 
making its largest diameter of sufficient size to just fit inside 
the standing bolts, and its inner diameter the size of the 
centre hole of the flange. Upon this ring we place another 
light coat of the red lead, and then put it in position over 
the first gauze, and bolt the joint up. If no mixed lead is 
at hand, dry lead may be used, mixing it with boiled but 
not with raw oils. Red lead will not of itself make a good 
joint, and is besides very difficult to spread evenly, because 
it will not hold together. In screwing up the nuts 
care should be taken to screw them up alternately and 
evenly, so that the flange will approach its seat equally, and 
not on one side before the other. The nuts should be 
screwed down until they all touch the flange and bring it to 
bear upon the lead ; then give each nut successively a half 
turn the first time of going round, and a quarter turn 
the succeeding times, continuing the operation till they are 
tightened home. A joint of this kind may be submitted, as 
soon as it is made, to a steam pressure of 150 lb. per inch, 
and will not leak. 








CLASSIFYING ORES.* 


On the Wengler and Lowe Apparatus for Classifying Low 
Grade Ores and the German System of Concentration. 


(Concluded from page 330.) 


IN examining the method of concentrating the low 
grade ore of Freiberg, we shall find that a thorough 
system of “‘ Hand Scheidung”’ or hand sorting, is the first 
preliminary step, and too much praise cannot be bestowed 
upon such preliminary steps, which are so essential to a 
good treatment. Intimately associated with the Freiberg 
ores, besides galena, we find immense quantities of blende, 
iron, copper, and arsenical pyrites, their successful separa- 
tion rendering the oe Fay the most complicated in 
Europe. With the Clausthal ore we find arsenical pyrites 
wanting, copper occurring only in slight traces, but an 
immense amount of heavy ~~ taking their place, and form- 
ing the only real difficulty they have in their treatment, the 
separation of which, from the true silver ore, is a source of 
much trouble, its specific gravity being so near galena. It 
is separated thoroughly by hand. 

The Freiberg ore, after a partial hand separation in the 
mine, and a second preliminary separation above ground, 
mans to the crushing and rough trommel system of 
Clausthal, which prepares the ore for the ‘‘ Scheidebank,’’ 
is transported to the ‘‘ Scheidebank,’’ where the final 
separation takes place, through the labour of a number of 
boys, ranging in age from ten to fifteen years, whose duty 
it is to separate, as near as possible, the different in- 
gredients, resulting in the following eight classes : 

1. Reiner Bleiglanz or pure galena, 0.20 per cent. in 
silver, and 60 lb. to 80 1b. of lead to the 1001b. Stamped 
dry and sent to the smelting works. 

2. Walzerz, containing galena, blende, quartz, iron, 
copper, and arsenical pyrites; called Walzerz from their 
size of a walnut. Sent to the Walzwerk Concentrating 
Works, which will be noticed later on. 

8. Reiner Kupferkies or pure copper pyrites, stamped 
dry and sent to the smelting works. 

4. Schwefelkies or pure iron pyrites, sent to the roasting 
kilns or furnaces. 

5. Geringer Arsenkies or poor arsenical pyrites, sent to 
the roasting furnaces. 

6. Gute Arsenkies or pure arsenical pyrites, sent to the 
roasting furnaces. 

7. Zinc blende, sent to the smelting works. 

8. Pochginge, containing blende, iron, arsenical pyrites, 
and quartz, with slight traces of lena disseminated, 
stamped in the ‘‘ wet way,’’ classified, jigged, and concen- 
trated, as will be noticed later on. 

No. 8, or Pochgiinge, ing from 4 dols. to 10 dols. in 
silver, accumulates so fast at usthal from the Scheide- 
bank and jigs that two hundred iron stamps, worked by a 
150 horse power Corliss engine, are ly sufficient to 
fulfil their office. 

The accumulation at Freiberg is certainly enormous, and 
batteries of stamps are kept going night and day, to use 
up the immense heaps. 

No. 2, or Walzerz, is tramwayed to the Walzwerk dress- 
ing floors, and run through a system of rollers, trommel 
system, jig and “‘liegenden Heerden” or quiet tables ; 
the two last are old fashioned, requiring the steady atten- 
tion of the workmen ; they will oventenliy be replaced by 
the popular Hartzer jigs and shaking tables. 

From the jigs, in treating No. 2, we get the following, 
by virtue of their specific gravity : 

1, e or rock, thrown on the waste heap. 

2. Pochginge, same as No. 8, and treated in the same 
manner, which will be noticed later on. 


3. Kiesiges Kupfererz or nearly pure pyrites, 
stamped in the way and sent to the smel! works, ~ 
4. Blendiges Kupfererz, copper pyrites, with blend ; 


stamped dry and sent to the smelting works. 





* From the New York Engineering and Mining Journal. 
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5. Galena, mixed with iron and arsenical pyrites ; ground 
in a mill and sent to the smelting works. i ’ 

6. Glanz or large grains of pure galena ; ground in a mill 
and sent to the smelting works. 

7. Fasserz, the ore which passes through the sieves. 
Nearly pure galena, washed once upon quiet tables, and 
sent to the smelting works. 

Excepting Nos. 
nearly ready to be sent to the smelting works. 

We come now to the last and most important part of the 
Freiberg system, namely, the classification and concentra- 
tion of the Pochgiinge from the Scheidebank and jigs, 
through a system of stamps, classificator, iiss, and shaking 
tables or “ Stossheerden.” Nos. 2 and 8, both being 
Pochgiinge, the former in coarse , and the latter 
walnut size, are tramwayed to a battery of twenty-four 
stamps (old fashion), which stamp the 
Pochgiinge to a fineness of under }mm. ; 
from the stamps the ‘‘Triibe’’ or 


and 2, all the products of jigging are | 





the Clausthal, differing only in the machinery used in con- 
| centrating the ores. The old-fashioned shaking table of 
Freiberg is unknown at Clausthal ; in their place ~~ use 
| Kagel” and ‘‘ Trichter Heerden” or slowly revolving 
convex and concave buddles, upon which their slimes are 
concentrated. They have introduced one fast moving 
Rittinger, which has given most excellent results, and they 
contemplate putting up three or four more at an early days 
they will be used principally to wash and concentrate the 
** Vorrath”’ or supply from the jigs. é 
Very fine slimes cannot be concentrated upon fast moving 
| Rittingers ; they must be treated upon the slow revolving 
tables or slow moving shaking tables, and slimes, rich in 
| silver, are concentrated better upon slow moving shaking 
| tables than upon slow revolving tables. Slimes, which do 
| not grit the teeth, cannot be treated successfully. 


Classes HILLY & V, 
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ficator, is carried by its own gravity 
to a series of four slow moving shaking tables (old type) ; 
the ‘‘ Vorrath” or supply from the tables, is concentra 
upon two auxiliary tables according to the following 
** Stammbaum”’ or system. 

The complicated character of the ore renders such a 
system absolutely necessary, for it is only through such a 
— that they are able to separate the base metals from 
t Tg to any degree of satisfaction. 

ere the ore of a less complicated character, the clas- 
sified ore from II., III., IV., and V. sections could be 
treated in the same manner as the first (I.), with a final 
washing upon fast moving Rittingers after the Clausthal 
system, which tables make from 100 to 120 strokes per 
minute ; those at Freiberg make from 20 to 40, depending 
upon the fineness and richness of the grain, 30-40 ; and the 
fineness and richness of the slimes, 20-30. The ‘“‘ Abgang’”’ 
or waste from the jigs and tables, with concentration of the 
above five classes, is collected in outhouses, and sold to the 
city and builders as an excellent building sand. 

hat renders the system at Freiberg so complicated is, 
that the specific gravities of the ore ingredients vary so 
little, rendering a separation difficult. e come now to the 
concentration of the slimes which flow over from the classi- 
ficator into the trough J, which trough conducts the slimes 
to an ordinary Spitzlutten apparatus of two sections, called 
the VI. and VII. corn classes. From the bottom of each 
there extends a curved pipe, which serves as an outlet for the 
heavier slimes, the finer flowing over the apparatus and 
partially settling in outhouses, and the remainder or lighter 
slimes flowing down a ravine to a pond, where the 
final settling cccurs, the lighter slimes flowing off as waste. 
The heavier slimes from the bottom of the Spitzlutten 
apparatus flow out of the curved pipes or tubes, on to four 
very slow moving shaking tables called ‘‘zehen Stoss- 
heerden,”” which concentrate the slimes according to the 
following system : 

Those pure enough are sent to the smelting works. The 
**zehen”’ tables make from 20 to 30 strokes per minute, de- 
pending upon the fineness of theslimes. Of the ore, ‘‘ Poch- 
giinge”’ carries from 0.01 to 0.03 per cent. in silver, and 
% Ib. to 4 Ib. of lead to the 100Ib.; and 10 Ib. to 20lb. of 
arsenical and iron pyrites to the 100 Ib.; it speaks well 
when the silver can 
cent, ; the lead from 45 Ib. to 60 Ib. ; and the arsenical and 
iron pyrites from 30 Ib. to 40 Ib. to the 100 Ib. 


The following summary gives the results of 100 Ib. of 
concentrated : 


Jigged (or 0.12 to 0.15 per cent.) 
and Galena: 12 to 15 pfundtheile silver; 45 Ib. to 
washed.) 60 Ib. lead. 


Washed bleierz : 5 to 7 pfundtheile silver ; 15 1b. to 25 Ib. 
lead ; 10 Ib. to 15 Ib, arsenic ; 25 1b. to 30 lb. sulphur ; 6 1b. 
to 10 Ib. zine. 

Washed arsenkies : 2 to 3 pfundtheile silver ; 10 1b. to 
15 lb. sulphur; 30 1b. to 40 Ib. arsenic; 8 lb. to 12 Ib. 
zine. 

Washed schwefelkies : 1 to 2 pfundtheile silver ; 30 Ib. 
to 40 Ib. sulphur; 0 lb. to 1 lb. copper; 9 1b. to 15 Ib. 
zine. 

Washed blendkies : 1 to 2 pfundtheile silver ; 0 to 1 Ib. 
copper 5 15 Ib. to 20 Ib. zinc. 

Washed slimes : 1 to 2 pfundtheile silver ; 8 Ib. to 14 Ib. 


zine. 

The sliraes from the outhouses are dried, mixed with rich 
ore, and sent to the smelting works as occasion demands. 
Such is a simple reswmé of the Freiberg system, the funda- 


mental principles of which are similar in every respect to 


concentrated to 0.12 and 0.15 per | 


In conclusion, too much credit cannot be bestowed upon 
the classificator, without which the concentration of the 
Freiberg ores would be a long and tedious labour, depend- 
ing upon the old and foggy methods which prevailed before 
its introduction. 


FOREIGN AND COLONIAL NOTES. 

Northern Pacific Railroad.—It appears that this line, 
although sadly incomplete, is nevertheless earning a profit. 
In the company’s last financial year the receipts were 
about 739,746 dols., while the working expenses were 
449,719 dols., leaving a profit for the twelvemonths of 
290,026 dols., or very nearly 1 per cent. upon the bond 
capital of the conapany. 


The French Coal Trade.—A revival is noted in the coal 
trade in the Nord and the Pas-de-Calais; the extraction 
has become more regular, and prices are firmer. In the 
basin of the Loire, the forges are expected to increase their 
consumption in consequence of important orders for rails* 
which they have received from the Paris, Lyons, and 
Mediterranean Railway Company. The Paris coal market 
has remained quiet. 


Great Northern Telegraph Company.—The number of de- 
spatchee forwarded in the first nine months of this year 
was 571,280, as compared with 560,702 in the correspond- 
ing period of 1875. The revenue acquired by the company 
in the first nine months of this year was 124,924/., as com- 

red with 144,5471. in the corresponding period of 1875. 

hile the company thus did rather more business in the 
first three quarters of this year, it earned less money by 
19,6231. 

Italian Railways.—The aggregate amount of revenue 
acquired upon all the Italian railways in the first half of 
this year was 2,746,3761., as compared with 2,710,8011. in 
the corresponding period of 1875, showing an augmentation 
of 35,5751. this year. The extent of line worked in the 
first half of this year was 4674} miles, 37} additional miles 
having been opened during that period. 

The St. Gothard Railway.—It is announced that all the 
states which signed a recent convention with this line (in- 
cluding the great tunnel) have declared themselves — 
to assist pecuniarily in the removal of the difficulties whic 
now impede the realisation of the enterprise. 


Australian Defences. —The subject of the defences of the 
various members of the Aus’ ian group of colonies has 
been exciting a certain amount of ublic attention. In 
Victoria additional measures for ing assault have been 
under the consideration of the Government. {In South Aus- 
| tralia the Defence Commission has issued a long report urging 
the immediate construction of new fortifications, and the 
rs) isation of a — force. beeper — 
siders that it is necessary against the shelling an 
destruction of Port Adelaide and its shipping, and {it re- 
commends that two batteries on the Moncrieff principle 
should be constructed at the back of the sand hills for the 
protection of the port. 

Railroads in Texas.—The Pom of railroad building 
in Texas has been more rapid during the last five years 
than in any other State of the American Union. The 
Central Rai Com: is ing to stretch its Waco 
branch towards Weatherford. e Texas and Pacific is 
making preparations to move in the same direction. The 
Sunset route will soon be in San Antonio. 











New Zealand Telegraphy.—A handsome telegraph office 








has been recently erected at Nelson, New Zealand. The 
frontage of the building is 45 ft., and the depth 75 ft. Mr. 
Clayton, the colonial architect, was the designer, and the 
contractor was Mr. W. T. Good. The contract price was 
18991. 

American Railroad Traffic.—There has been a marked 
increase during the past two months in the amount of freight 
received and shipped over the lines of the various trunk 
railways running out of New York. The tonnage carried 
within the time mentioned is much greater than that trans- 
ported during the corresponding period of 1875. 

The German Coal Trade.—Although some improvement 
has been noted in the iron trade of Belgium the state of the 
German iron trade is still unfavourable. German cast steel 
rails to be delivered in 1877 have been offered of late at 
71. 5s. to 71. 83. per ton. 


Lehigh and Wilkesbarre Coal Company.—This com- 
pany has resumed work with a full force on full time at all 
its collieries. Large sales of coal have been made by the 
company to iron manufacturers on the Lehigh, who are 
putting their furnaces into blast. 


Pullman Palace Car Company.—The total earnings of 
this company for the year ending July 31, 1876, amounted 
to 2,555,011 dols. The working expenses of the year were 
1,307,215 dols., leaving a profit of 1,247,796 dols. The 
company owns 451 cars, which cost, with equipments, 
8,343,270 dols. 


The Belgian Coal Trade.—The Belgian construction 
workshops have had more orders of late, and this cireum- 
stance has reacted favourably on the demand for industrial 
qualities of coal in Belgium. 


American Telegraphy.—The Asiatic Telegraph Company, 
chartered by the United States Congress, propose to com- 
plete the last link in telegraph communication round the 
world by laying a submarine cable in the Pacific Ocean to 
communicate with Asiatic and American lines. The com- 
pany is required to begin to lay the line within three years 
from August 15, 1876. The terms of the Act, the written 
acceptance of which has already been filed with the Secre- 
tary of State at Washington, exact equal privileges with 
foreign governments and citizens. Captain Moreno, pro- 
jector of the new cable, has left Washington for the Pacific 
coast to commence operations. 


Melbourne and Hobson’s Bay Railway.—The Victorian 
Government is contemplating the acquisition of this rail- 
way, but it is not a very easy matter to arrange the terms 
of purchase, as the profits of the line are continually in- 
creasing. In 1873, the line, if taken over at 20 years’ pur- 
chase, might have been obtained for 1,326,244/. In 1876, 
a@ corresponding calculation indicates 1,829,5317. as the 
sum which ought to be paid for the property. 


Ballasting the Pennsylvania.—The whole line of the 
Pennsylvania Railroad, between New York and Philadel- 
phia, is being ballasted with broken stone. The ballasting 

as been completed from East Newark to Hackensack 
bridge. The stone is screened after it is broken, and laid 
upon the road bed to the depth of about 4in., and also on 
either side of the tracks, no dust whatever being created 
by passing trains. The tracks as faras New Brunswick, it 
is expected, will be completed by the 1st of November. 








Tue SzewaceE or Kinaston.—The Thames Conservancy 
Board has recently taken fresh summonses against the 
Corporation of Kingston to prevent the further pollution of 
the Thames by the passage of the sewage of that town into 
the river. The case was heard by a full bench of magistrates 
on the 19th inst. The nominal penalties sued for amounted 
to the modest sum of 100,0001., being at the rate of 50/. per 
day for 2000 days. The decision in this case of course 
would influence the position of Surbiton, Richmond, &c., 
below Teddington, and hence the bearing created much 
interest. After long discussion, however, the Kingston 
authorities obtained a delay of six months. Consequently, 
all the polluting towns on the tidal stream of the ‘Thames 
are at present held free from further proceedings, and are 
at liberty to indulge the suggestions of all or any sewage- 
treating schemers. 





Durex TELEGRAPHY.—The duplex system of tele- 
graphy has of late years, as is well known, largely en- 
gaged the attention of electricians, and it is now fairly at 
work on various land lines, both at home and abroad. The 
more difficult problem of duplexing long submarine cables 
has, however, up to the present year baffled all their 
i uity and skill. The great difficulty to be overcome in 
submarine duplex was in getting rid of the inductive “‘ kick” 
on the receiving instrument due to the static charge of the 
cable. This, however, has now been successfully obviated 
by the inventions of Mr. John Muirhead (of the firm of 

arden, Muirhead, and Clark, tel ph engineers, 
Westminster), and the experiments of . Muirhead and 
Mr. Herbert Taylor, C.E., on the cables of the Eastern 
Telegraph Company, whose enterprising encouragement 
to inventions tending to improve the methods of working 
submarine cables is much to be commended. Mr. Muir- 
head’s.inventions consist of an artificial cable having the 
same resistance, capacity, and insulation as the actual 
cable, and capable of balancing it in all its effects on the 
receiving instrument. He also patents various means for 
refining upon the balance so as to render the duplex work- 
ing ently successful. Inthe —_— of ne Emad the 
duplex balance was effected on the Marseilles- , and 
on the Suez-Aden cables belonging to the Eastern Tele- 
graph Company, and the practical working of the system 
for the c Com. The — of the latter section is 
1460 nautical miles, but ically speaking it is one of the 
longest of existing cables. Of course the advantage to the 
telegraph companies of this invention is considerable, as it 
practically doubles the carrying capacity of their cables, 
and reduces the delay in transmitting telegrams. 
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TANK LOCOMOTIVE; MIDLAND RAILWAY 
SPECIFICATION, 
( Concluded page 344. ) 

Tyres.—To be of very frost pees ss cast steel manu- 
factured by Vickers, Son and Co., Taylor and Co., Cam- 
mell and Co., Monkbridge, Bowling Com: , orany other 
approved maker. When finished to be of the section and 
thickness shown on drawing, and fixed to wheels by lip on 
one side and by screws { in. in diameter placed between 
each spoke. 


Dimensions. ft. in. 
Diameter on tread (finished), leading, and 
Diameter on tread (finished) bogie 3 0 
Width of tyre 0 5+ 


Thickness on tread when finished sad 0 2 

Frames.—To be of Yorkshire iron (frame plate —< ), 
made by Cammell and Co., J. Brown and Co., Monkbridge 
Company, or other approved makers. The front portion of 
frame as far back as hind part of firebox to be 1 in. thick, 
made in one plate without weld ; traili of frame for 
carrying bogie to be 1} in. thick and welded on to front 
part as shown on drawing. Frame plates to be planed on 
inside and have the brand of the manufacturer placed to- 
wards the outside. All the holes to be marked from one 
template, and drilled and rimered out to the exact size 

iven. When the frames and cylinders are bolted to- 
gether and fixed in their exact positions, the accuracy of 
the work must be carefully tested by diagonal, longitudinal, 
and transverse measurements. Frames must be finished 
with a good smooth surface, and they must be true and 
free from cross windings, the horn plates being square with 
the engine in every direction. One cross-stay to be fitted 
in front of firebox, one ditto at back of firebox, with 
horizontal tie-plate, for boiler steadier. One horizontal 
plate for carrying bogie. Two cross plates on top of bogie 
plate carrier for drawhook, and one horizontal tie-plate 
fixed to thesame. Plates ; in. thick to be rivetted to the 
ends of inside frame and Outside angle iron to keep the 
same in position when removing the buffer 


in. 


1} 
54 


om * 
or 


Dimensions. 
Thickness of frame (front portion) 
a bogie end) 
Depth of frame ae a ae 
Distance from leading axle to end ea 
de driving axle to firebox shell 
vt leading to smokebox eee 
Extreme length of plates (over all) _... 
Distance between frames (at crank axle) 
Height of top of frame from rail oss 
Distance from bogie to back of firebox ... 
By pee end of frame 
Depth of frame over bogie wheels 
Thickness of front stay plate 
~ back — plate... 
~ drag plates ... see 
" horizontal stay plate: ose 

Outside Frames.—To be of angle iron of the form and 
section shown in drawing 6 in. x 24 in.x fin. Angleiron 
to have plate welded on for step plates. Ends to be turned 
down where fitted to buffer beam. ‘Frame to be stayed in 
the manner shown in drawing. 

Motion Plate.—A wrought iron motion plate 1 in. thick, 
with angle iron stiffener rivetted to back of the same. 
Motion plate to be made in accordance with the drawing 
supplied. 

Springs.—To be made of the very best spring steel 
manufactured by Messrs. Turton and Sons, Cammel and 
Co., or other approved maker. Before being put on the 
engine each spring is to be fully tested by weighting until 

the camber is taken out, and the sp must resume 
its orignal form on the weight being removed. 

Wrought-iron brackets to be most securely fixed to 
frame for carrying the ndjnating screws of springs. Springs 
to be made in accordance with drawings supplied. Pins 
wrought iron, well case-hardened. 


SccoocomapmeBSonane 
— ee 

oorre- es 

—-4 Socor ooo 


S Dimensions. ft. in. 

Length unloaded... we aa _ 8.2 
amber P eve ad - es 0 4 
Breadth i i ie whe sk 05 
Number of plates driving—11 plates. 
= leading—12__,, 
Thickness of plate, top... 0 0% 
* remainder 0 Ovs 
Totai depth of plates, driving 0 5% 
Re leading 0 6} 
ogie prongs : 

Length unloaded _.., ooo eee 3 2} 
Camber _,, rat pe ese 0 4% 
Breadth si es oe eve 0 5 
Number of plates, 9 plates. 
Thickness of plates ... e 0 0 


ai = + 

_ Buffers and Buffer Beams.—Buffers to have wrought- 
iron cases, with Spencer's india-rubber washers. Buffers 
must be made exactly similar to sample supplied. To be 
obtained from Messrs. Turton and Sons, Cammell and Co., 
G. Spencer and Co., J. Brown and Co., or other approved 
makers. Buffer beams to be of well-seasoned English oak, 
with ¢in. plates bolted on each side. To be fitted with 

w hook, chain and india-rubber washer, as shown in 
drawing. To have cast-iron rubbing pieces fixed in buffer 


Dimensions. ft. in. 
Tepth of buffer beams... ro boo A +3 
Thickness “ abe ies bea 0 5 
Height of centres of buffers from rails... 3 4 
Distance of buffers apart... eee ean 5 68 


Thickness of outside plates ‘ad dca 0 Of 
, Footplate.—To be of wrought iron plate yin. thick, all 
rivets countersunk. E 


’ Dimensions. ft. in. 
Width over footplate _... ree oa US 
99 footsteps ete ost ose 8 10 





Draw Gear.—Hooks and ings to be made of ‘‘ best’’ 
ee. chain cable quality, fitted arranged as shown in 
8. 


Tanks.—To-be made of best Staffordshire iron plates 
3 in. thick, bound together with the best Staffordshire angle 
iron, 2in.X2in., riv by }in. rivets countersunk on 
outside and filed smooth. Inside of tanks to be stiffened. 
Side tanks to be connected to the back tank by two copper 
pipes, 4in. in at inside —! B. W. G. For general 
arrangement of same see wing. 

Coal Bunker.—To be made of best Staffordshire iron 
plates tin. thick, rivets to be snapped inside and counter- 
sunk outside. Coal bunkers to be arranged as shown in 
drawings. 

Brake Gear.—To be provided with a powerful. brake 
applied on four wheels, as shown in drawing. 
a brake gear to be made of “best” iron, working 
case-hardened. 

Cab Weather Screen.—To be made of best Staffordshire 
plate in. thick, back portion of cab brought down on to 
coal bunker, to have four plate-glass windows fitted in 
brass frames. Frames to be arranged to open. All rivets 
to be countersunk and filed smooth inside and out. 

Hand Rails.—To be made of polished iron tubing 1} in. in 
diameter, attached to the boiler by polished wrought-iron 

illars, and carriers for the same to be fixed on the boiler. 
Hand rail to be taken round the smokebox as shown. 

Sand-Boxes and Splashers.—Sand-boxes to be four in 
number. Two at the front of engine and two at the back 
of driving axle. All sand valves to be arranged so as to be 
worked from the footplate. Leading splashers to be of 
wrought-iron plate } in. thick. All rivets countersunk and 
filed smooth. Dri splasher in tank. 

Bogie.—To be W. Adams’ patent, made of the form and 
to the dimensions on the drawings. Frames to be of same 
quality of iron as those of the engine. Axle-box guides to 
be Vickers, Sons, and Co., Cammell’s, or Taylor Brother’s, 
cast-steel rivetted to the frame by jin. rivets. Axle-boxes 
to be gun-metal with cast-iron keeps. Frames to be held 
together by two 6in. angle irons turned over at sides next 
frame and securely rivetted to the same. le irons must 
be slotted to the exact length and planed on both sides, te 
be arranged as shown in wing. Ends of frames to be 
fixed with two wrought-iron distance pieces 2in. in dia- 
meter, having a flange forged on solid. Flanges to be 
rivetted to frame, also the ends of stays to be projected 
through the frame and rivetted over. Frames when fitted 
to be perfectly true and square in all directions. On the 
above-mentioned 6in. angle irons are rivetted }in. plates 
9} in. wide, also two steel plates 6in. wide and 1 in. thick. 
Steel plates to be planed and scraped to a arg working 
surface. Upon these plates slide a casting that must have 
a lateral play of 2 in. on each side, and guided to the centre 
by india-rabber cones placed on either side. This casting 
to be planed to work between the angle irons, and also 
where bearing on the steel plates, to be lubricated at each 
corner by a brass siphon. ‘lop flange to be cast 2ft. 2in. 
in diameter, with a projection round edge. In the centre 
of this casting will be a hole 6in. in diameter, bored out 
quite smooth ; in this hole works the centre a” of the upper 
casting. Between these two castings will be an 
india-rubber ring, 2 ft. in diameter and 4in. thick, under- 


side of ring to work in a brass dish. (See ceywing.) The | ing 


top casting is bolted to a wrought-iron plate, 1 in. thick, by 
six 1} in. bolts, turned for a tight driving fit. Through the 
centre of this casting passes a pin 2} in. in diameter, fitted 
with a washer, nut, and cotter. Cross plate to be rivetted 
to frame and remy as shown in drawing. All casti 

to be made from cylinder metal. The spring cradle to 

4 in. deep by } in. thick, and with bosses forged for the 
spring pins. Spring pins case-hardened. On each end 
of the cradle is rivetted a wrought-iron distance piece, to 
be turned and case hardened where it fits on the axle-box. 
All wrought-iron work for the bogie to be made from the 
very best scrap iron. All the india-rubber in connexion 
with the bogie to be obtained from George Spencer and Co., 
77, Cannon-street, London. 


Dimensions. ft. in. 
Between frames... se ‘in ose 4 2 
Thickness of frames 0 of 
Depth i me ie . 0 10 
Length of wheel base... faa nee 5 0 
Diameter of wheels ontreadwhen finished 3 0 
Centres of bearings... ne ies ae 3.7 
Diameter se vin ne 0 5 
Length apices bi 0 9 
Diameter of axle at centre 0 4 
rv wheel seat ie kes 0 6 
Span of springs... ooo ee me 3 3 
Section of cradle bars, 4 in. by } in. 
ie angle iron, 6 in. by 6 in. by 1 in. 
Diameter of spring pin (centre) ... és 0 1 
w tolinks  .«. we 0 1 
Section of carrying plate(lin. thick)’ ... 2 Twide 
a drag plates (2 in. thick) ove 1 lideep 
iameter of centre pin... bed eee 0 2 


Boiler Mountings.—All mountings to be fitted to seat- 
ings where shown soon drawings. ach boiler to be sup- 

lied with one of Bourdon’s pressure gauges, to indicate 
500 Ib. pressure per square inch. (To be Bourdon’s own 
make, Paris.) Two whistles, stand, and gear to connect 
with cord communication, two water-ga cocks, one set 
of glass water-gauge cocks, one steam blower cock, with 
copper pipe passing through boiler and joined to blast pipe 


top in smokebox ; two injector steam cocks, two injector | feeders 


clack boxes, two cylinder lubricators, Furness’s patent, 
Roscoe’s lubricator, No. 2, fixed on side of smokebox. The 
whole to be made of gun-metal, and of first-class finish, and 
made to drawings or patterns supplied. : 
Wash-out Plugs.—Two wash-out plugs and seatings to 
be placed on top of firebox plate ; one on each side —_ 
the mid feather. Seven mud plugs at bottom of firebox, 
two at top and four on the smokebox tube-plate. Mud 


oe exactly to pattern supplied. Also one mud 
r in the firebox bottom ring at front of firebox. 

Lubricators.—One lubricator to each slide bar. One above 
each piston gland, fixed to wrought-iron carrier. One above 
valve spindle glands, with two unions and ai pes. One to 
each spindle. Lubricators to be placed on all motion work 
where shown-in dra ; and all siphon pipes of those 
ha’ lubricators fo on solid, to have also the si 
pipe id. An oil box with lid, siphon, and unions 

ed over on. and driving axles, to be made according 
to drawing supplied. Piston rod, valve spindle, and axle- 
box lubricators to be supplied with copper pipes and unions. 
Those for axle-box to be fitted on top, of axle-box slide, 
as shown in drawing. 

Injectors.—To be two in number, No. 7 mm. on left side, 
8 mm. on right side, Gresham’s patent, made in brass to 
— and supplied by Gresham and Craven. Injectors to 

placed under footplate, as shown in drawing. 

Dimensions. ft. in. 


Diameter of feed pipe (copper) ... ite if 
> steam pipetoinjector(copper) 0 1 
Thickness of pipes .W.G., No, 9. 
Lagging.—The boiler and firebox shell to be lagged with 


well-seasoned pine, and covered with smooth iron sheets, 
14 B.W.G., which are to be fixed on hoops, as shown in the 
detail drawing. Thickness of clothing at the firebox plate 
lgin. The corner piece at junction of firebox boiler barrel, 
to be = on with strips inside and countersunk rivets, filed 
smooth, so as to make a perfectly flush joint. 

Dome Casing.—To be of copper or iron, made to drawing, 
well finished, and pe 4 smooth. Safety valve funnel, 
= oe of firebox shell, to be polished brass, No. 14, 


Thickness of Copper Pipes. 
Dimensions dia. thickness. 
Steam pipe in boiler » 4 TB.W.G 
ee »»  smokebox >” axa om 
Delivery pipe to clack-box . AB Bein 
Injector steam pipe des one oo Lee ® we 
Blower pipe in boiler . soe . OF 8 9 
9 »» | smokebox x 0} 8 ak 
Lubricator pipes to axle-boxes O#10~—C=y 
» 53. insmokebox .., ere 1ensvab 
Co ing pipe between tanks pt 1 SB ‘ 
Bolts and Nuts.—To be made exactly to drawings and 


ages supplied. All threads and sizes of nuts to be 
hitworth’s standard. All nuts of the same description 

to be exactly the same size. All gland nuts to be case- 

hardened, aud nuts inside smokebox to be of hard brass. 


Proportion of Threads (Brass Work). 


per inch. 
All brass work up to 1 in. in diamete: ha 14 
» abovelin. ... pr oe 1l 


Copper stays ... ‘a as rr jar ll 

Lamp-Holders.—To be made in accordance with draw- 
ing supplied. To be fixed as follows :—Front end: One on 
top of smokebox in front of chimney. One on smokebox 
door. One on right side on platform, and two on left side 
on platform. Back end: One on back of cab between 
glasses, and three on back of the coal bunker. See draw- 

. One a pre on back of firebox, for gauge glass. 
Tools.—Each engine to be provided with a complete set 
of double ended screw keys and gland keys, case-hardened 
and finished bright, to be stamped with company’s initials 
and number of engine ; also special spanners Nor pinton rod, 
nut, eccentric bolts, outside rods, &c.; one and one 
small monkey wrench ; one heavy and one small hammer ; 
one lead and one copper hammer ; one large and one small 
pin punch; six chisels; one steel crowbar; one small 
steel pinch bar; one screw jack (to pattern); one tallow 
kettle ; one gallon oil bottle; one half gallon oil bottle ; 
one large and small oil feeder, together with all the neces- 
sary fire-irons and tube cleaner. 

Tool Bowes.—Two tool boxes to be put on engineman’s 
footplate, to have wood lids, and one long tool box in back 
portion of cab—see drawing. All tool boxes to be supplied 
with locks and keys. A carrier for fire-irons to be placed 
in a suitable position, and to be supplied with padlock and 
chain for securing the same. 

Painting.—The boiler to receive two coats of oxalic paint 
before being lagged with wood. Frames, splashers, cab, 
tanks, &c., two coats of oxalic paint. Wheels one coat of 
oxalic paint, then one coat of stopping, rubbed down, then 
two coats of oxalic paint, finished with two coats of green 
to sample supplied, and two coats of varnish. After i 
the boiler, the frames, splashers, tanks, cabs, &c., to have 
one coat of lead colour, two coats of stopping, three coats 
of filling up,'properly rubbed down, two coats of lead 
colour, sandpapered, two coats of green to sample, — 
out with black and fine lined with white. Rim of tyre to 
be black edged with white. Inside of frames an1 axles to 
be finished with one coat of vermilion and one of varnish. 
Buffer planks to be finished off green and varnished. 
Smokebox, chimney, back of firebox, platforms, steps, 
life guards, &c., to be painted black. ‘T'wo coats inside of 
cab to be prepared similar to boiler and frame, finished in 
brown and lined. Inside of tanks and coal bunkers, tool 
boxes, &c., two coats of thick red lead. 

Patterns or Gauges to be Swpplied.—Gauges of nuts, 
mud plug, wash-out plug, fusible plug, glass water gauge, 
whistles and stand, gauge cocks, spring balance, blower 
cock, blower union in smokebox, buffers, injector, aan 
holders, Poo raed steam oe and rag screw keys, 0’ 

, fire-irons, screw jack, or pain le 
Templates: Holes in dome flange, lock up ee me Pre 
covers, steam chest covers. 

SAMUEL W. Jounson, Locomotive Superintendent. 


DEEPENING Port ADELAIDE.—It is calculated that dur- 
ing the last 18 years 220,391 cubic yards of stuff have been 
removed in ing operations, which have been carried on 











during that period at the river bar, Port Adelaide. 
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a 
PLATE MILL AT THE FARNLEY ‘IRON WORKS, NEAR LEEDS. 
MR. THOMAS GILLOTT, ENGINEER. 
th UNS ~ Fig. 2. 
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For some years past there has been a steadily in- 
creasing demand for plates of large size—there being 
a growing tendency amongst boiler makers to reduce 
the number of rivetted joints in their boilers as much 
as possible—and this demand has naturally led to the 
establishment of improved and more powerful plant 
at some of our leading iron works. Until compara- 
tively recently Continental iron manufacturers were 
rather ahead of us as far as the power of produc. 
ing large boiler plates is concerned, but within 
the last two or three years our capabilities in this 
respect have been materially increased. Thus it is 
now about two years and a half since we illustrated 
and described (vide page 192 of our seventeenth 
volume) the large reversing plate mill erected by the 
Bowling Iron Company, Limited, of Bradford, while 
this week we illustrate a still larger and more 
powerful mill which has lately been put to work by 
the Farnley Iron Company, Limited, at their well- 
known works near Leeds. The mill of the Bowling 
Iron Company, just referred to, has 28 in. rolls, 10 ft. 
2 in, long between housings, and is driven by a pair of 
horizontal reversing engines with 36 in. cylinders 
and 4 ft. stroke, geared 3 to 1 to the rolls; the new 
mill of the Farnley Company, on the other hand, 
which has been erected from the designs of their 
engineer, Mr. Thomas Gillott, has 31 in. rolls, 11 ft. 
long, and is driven by a pair of engines with 50 in. 
cylinders and 4 ft, stroke, geared 2.88 to 1 to the 
rolls, and it thus represents a distinct advance both 
as regards size and power. The plate mill at the 
Farnley Iron Works is in fact, with the exception 
of the armour plate mills, the largest yet constructed 
in this country, and on this account, as well as 
from the general excellence of its design, it merits 
special attention. 

The general arrangement of the mill is shown by 
the sections and plan, Figs. 1, 2, and 3, which we 
give on the present page. It is erected adjoining 
the previously existing 24-in, plate mill of the com- 
pany, one of the furnaces being used for either the 
new or the old mill. The roofs are 36 ft. and 24 ft. 
Spans, over the mill and engines respectively, and 








are supported. by cast-iron columns and wrought- 
iron girders of the Warren type. A portion, 48 ft. 
long, in the 24 ft. span, is raised as shown in Fig. 1 
to accommodate a 6-ton travelling crane which runs 
on the top of the Warren girders, the crane having 
been used for erecting the engines and being avail- 
able for any repairs when required. For a length 
of 84 ft. in the adjoining (36 ft.) span a 20-ton 
travelling crane runs on wrought-iron girders ; by 
the aid of this crane, rolls, &c., are changed, and 
heavy plates lifted or turned over for inspection. 
Two Siemens’ furnaces are placed on either side of 
the 36 ft. span, as shown in Fig. 3, and one or more 
will be added in the space beyond the present 
furnaces if necessary. 

The foundation for the engines—shown by Figs. 15 
and 16 of the two-page engraving which we publish 
this week, and by Fig. 17 annexed—are about 18 ft. 
deep, and commence with brick footings having 
hand holes and wrought-iron washer plates built in, 
upon which the ashlar is placed. The engine beds 
are formed of four longitudinal J-shaped castings 
held by bolts, and hoops shrunk on hot, to trans- 
verse bracing girders. The driving shait pedestals 
are cast with the two centre beds; iugs and dove- 
tail pieces being also cast on for the reception of 
the crankshaft pedestals and engine standards, In 
the outer beds are dovetail recesses for securing the 
mill beds, as shown in the lower half of the plan, 
Fig. 16, the connexion between the mill and engine 
beds being further shown by the plan of the former, 
Fig. 14, of our two-page engraving. 

e engines, of which we give views on pages 380 
and 381, are, as will be seen, vertical, and have 
cylinders 50 in. in diameter, 4 ft. stroke. The valves 
are of the piston type, packed with Ramsbottom rings, 
working in cast-iron bushes having ports diagonally 
barred. The top valve is } in. larger in diameter 
than the bottom one, so that the valves and rods 
are balanced under steam, while the valves may be 
withdrawn and put in place easily. Steam is ad- 
mitted between the valves so that the glands only 
require to be loosely packed, as they have only to 





stand exhaust steam pressure; and spring relief 
valves are provided at both ends of the cylinders. 
The construction and arrangement of the valves is 
clearly shown in the section, Fig. 5, page 381. 

The engines are reversed by a steam cylinder con- 
nected to the end of a lever on the reversing shaft, 
other levers for the respective engines being coupled 
to the valve rods of the stationary link motion, as 
shown in Fig. 4, page 380. A stop-cock in the ex- 
haust pipe is used for controlling the motion of the 
piston in the [reversing cylinder, and the crosshead 
on the piston rod is made to move in a guide 
having two blocks—the positions of which are 
simultaneously adjusted by a right and left-hand 
screw—against which the crosshead is forced; so 
that by turning the screw the degree of expansion 
may be regulated as required. 


Fig 17. 


Half Transverse Sectiow 





On the crankshaft, midway between the engines, 
is keyed a pinion 4 ft. 11}in, in diameter, having 
25 teeth, 7} in. pitch, 1 ft. 8 in. wide on the face, 
and shrouded up to the pitch line on both sides. 
The crankshaft peng ve wrought-iron caps, 
the bolts of which are cottered into the former, and 
pass through the engine beds and are secured by 
nuts at the lower ak. There are four brasses to 
each pedestal for lateral adjustment. The crank 
discs are hooped with wrought,iron, and have weights 
cast on them to balance the pin and lower of 
the connecting rod, The reciprocating parts are 
balanced by steam pressure, the‘bottom valves having 
24 in. and the top 3gin. lap, the effect being that 
the valves have #in. cover when the engines are on 
top centre, and jin. lead when on bottom centres. 
In other words, there is a later admission andearlier 
cut-off during the down than during the up stroke, 
and with this adjustment the fluctuations of velocity 
in up and down strokes are not perceptible when 
working. Two platforms (not shown in our en- 
gravings) are respectively placed a little below the 
top of the cylinders, and about the level of the lower 
ends of the slide bars. 

The driving shaft is of cast iron 20 in. in diameter 
at the bearings, with a square middle, having staked . 
on it a set of arms to which are dovetailed ti — 
spur segments of the driving wheel; this wheel is 
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14ft. 4in. in diameter and has 72 teeth shrouded 
like the pinion. The usual fast and loose clutches 
are employed to connect the driving shaft with the 
breaking spindle. 

The pinion on the crankshaft and the wheel on 
the driving shaft having 25 and 72 teeth respectively, 
the engines make 2.88 revolutions for each revolu- 
tion of the rolls. Moreover, as the rolls are 31 in. in 
diameter, or 8.116 ft. in circumference, while the 
stroke of the engines is 4 ft., each piston moving 
through 8 ft. per revolution, the speed of the 


pistons is ae =9.839 times the speed of the 
surface of the ‘rolls, Also, as the engine has pistons 
50 in. in diameter, or 1963.5 square inches area, and 
as the length of the rolls is 11 ft., there is available 


for driving each foot in width of the rolls the effec- 
1068.5 ss x 2.839 — 1013.5 sq. in, of 
piston area. This is a large proportion of engine 
power, and it enables the mill to do its work easily, 
notwithstanding that the maximum pressure of steam 
availa leis but about 50 lb. persquareinch, the boilers 
from which the steam is taken being intended ulti- 
mately to form part of a range from which -other 
engines and hammers will be driven. We may 
mention here that the mil) engines are at present 
supplied with steam by three double-flued boilers 
80 ft. long and 7 ft. 6 in, in diameter, the flues being 
2 ft, 9in. in diameter, and there beingeight cross tubes 
in each flue, A fourth boiler was provided, but it 
has not been found necessary, and even before the 
three boilers were coated it was found that the 
pressure of steam never dropped more than 3 lb. 
per square inch when rolling exceptionally large 
plates. We may add that the Farnley iron is nearly 
as difficult to roll as steel, so the work thrown upon 
the mill when dealing with plates nearly the full 
width of the rolls, is very heavy. 

The foundation, beds, and balances for the rolls 
are shown by Figs. 12, 13, and 14 of our two-page 
engraving. The foundations are of brickwork and 
stone, openings and pits being provided for the ba- 
lance levers and weights; the latter are easy of access 
for adjustment and lifting when rolls have to be 
changed, as will be seen from the section, Fig. 12. 
The construction of the bedplates differs from that 
usually adopted in this country. The more general 
practice has been to cast both sides of the bed together 
with connecting pieces between, and if they were not 
broken in cooling it has often happened that the 
crosspieces cracked in work; in the present case, 
however, the sides of the beds are cast in long 
lengths and separate from the crosspieces, so that 
the housing seats could be planed, and the longi- 
tudinal beds are cramped together by three trans- 
verse castings. Each pair of housings can thus 
stand on the same piece of bed, and be firmly 
wedged, without involving the necessity of un- 
wieldy castings. The roll beds are, as already 
mentioned, secured to the engine beds by being 
bolted through the dovetailed ends let into the 
corresponding recesses in the engine beds and firmly 
wedged, as shown in Figs. 13 and 14. 

The pinion housings and pinions, which are shown 
by Figs. 9, 10, and 11 of our two-page engraving, 
are placed next the breaking spindle, the pinions 
being coupled to the latter by a box coupling of 
the usual form, and to the rolls by boxes and spindles 
having ball-shaped ends to allow for the rise and 
fall of the rolls. The pinions are 2 ft. 9 in. in dia- 
meter with a double set of teeth 6in. pitch. The 
general arrangement and dimensions of the parts 
are clearly shown by Figs. 9, 10, and 11 ju t 
referred to. 

The rolls, roll housings, &c., are shown by Figs. 
6, 7, and 8 of our two-page engraving. ‘There is a 
single pair of grain rolls, and these, as we have 
already stated, are 3Lin. in diameter and 1] ft. 
long in the barrel, so that plates 10 ft. or 10 ft. 6 in. 
wide can be rolled. The screws ‘or adjusting the 
rolls are 9in. in diameter and lin. pitch, and they 
are worked by ordinary spanners (not shown) having 
a radius of 4 ft. and sixteen arms, The feet of the 
housings are planed where they rest on the bed- 
em and the holes for the screw bushes bored 

oles are also cast in the housings for the balance 

illars to pass through, and the latter are cottered 
into the chocks as shown, 

The arrangement for travelling the slab or plate 
forward into the rolls consists of a roller 9 in. in 
diameter traversing nearly the whole length of each 
plate (front and back), as shown in the half plan 
and cross section, Figs. 7 and 8, this roller being 





tive pressure on 


supported in the middle of its length by a friction 
roller. On the outer end of the bottom (main) roll is 
keyed a plain friction roller 2 ft. 9 in. in diameter and 
9} in. wide, and on the end of each 9 in. roller spindle 
(which passes through the body of the housing, and 
is carried by the outer bearing) is keyed another 
roller 15 in. in diameter; between the two rollers 
mentioned a third roller revolves loosely on an eccen- 
tric shaft, as shown in the end elevation, Fig 7, this 
roller being forced into contact with the other rollers 
by means of the lever shown, and thus giving motion 
to the rollers in front and back plates and traversing 
the slab or plate as required. This arrangement 
has been found to work well. The front and back 
plates are each in one casting, and drop into recesses 
formed on the inside faces of the housings; deep 
pockets are cast for the guards to drop into, the 
latter being notched as shown on plan. 

The performance of the mill we have described 
has, we are glad to say, been highly satisfactory. 
Amongst other heavy work lately turned out by it 
were eight plates measuring 10 ft. 2 in. by 9 ft. 10in. 
by +, in. thick, made for Messrs. Key, of Kirkcaldy. 
These plates were made from slabs from 4 in. to 5 in. 
thick, and were rolled out to the required dimensions 
in 34 passes, the average time required being 
7 minutes, and the pressure of steam used being 
50 lb. per square inch. More recently other plates 
of similar dimensions have been rolled out by 
35 passes in 53 minutes, and it is expected that 
with further practice in handling these heavy 
slabs, this time will be reduced to 5 minutes. In all 
the above-mentioned cases the plates have been 
successfully rolled off without any hitch whatever. 

We have already explained that the engines are 
balanced by giving different distributions of steam 
during the upand down strokes, and thusthe balancing 
action really only takes effect when the engines are 
at work, There is a feature in the working of 
vertical engines thus balanced which is worthy of 
notice, and which Mr. Gillott justly regards as of 
practical value. In rolling plates a pause is neces- 
sary between the successive passes toallow of the rolls 
being screwed down, and hence the engine-driver 
lets go the throttle lever immediately (or sometimes 
slightly before) the piece leaves the rolls. The 
ascending piston being then unbalanced retards the 
rolls, and descends about three-fourths of the stroke, 
this reverse motion being sufficient to take up the 
slack in the teeth of the wheels, crabs, boxes, &c., 
and just turn the rolls. By this time the screwing is 
done, and steam is then let in. There is thus little or 
no shock in reversing, and careful gaugings of the 
engines with the adjacent buildings have failed to 
show the existence of any oscillations while the mill 
is at work. 

In conclusion we may state that the pinion 
housings and pinions of the mill we have been 
describing were cast by Messrs. Walker, Eaton, and 
Co., from their own patterns ; the engines pees 
the beds) were made by Messrs. John Fowler and 
Co., of Leeds, the contractor for the foundations was 
Mr. 8S, Holdsworth, and the remainder of the work 
was executed by the Farnley Iron Company, from 
the desigus and under the superintendence of Mr. 
Thomas Gillott, the company’s engineer. 








NOTES ON GAS MAKING.—No. I. 
By R. H. Partrerson. 
On NAPHTAALINE. 

Any one who even cursorily glances at the pro- 
ceedings of the various associations of gas ma- 
nagers, now so usefully established both in this 
country and in America, will observe that no sub- 
ject is so frequently discussed as naphthaline, and 
what todo with it, The importance of the question 
is undoubtedly great, because the choking of gas 
pipes with this substance both on the works and, 
still more embarrassingly, in the street mains and 
service pipes, occasions a serious difficulty and no 
small expense to gas companies. The companies 
are not only obstructed in the work of supply but 
they are also frequently blamed for supplying gas 
of too low illuminating power when really they 
are amply fulfilling their obligations in this respect. 

But it is not merely, indeed not so much, the 
practical importance of the question that causes it 
to be so frequently discu as the perplexity of 
thesubject. Mr, George Lowe, a high authority be- 
cause a thoughtful man, almost at the close of his 
long and useful career, when appealed to for advice 
about these troublesome naphthaline deposits, said 
frankly that he could tell nothing about it. The 








diversity of opinion which still prevails on this sub- 


ject is fully reflected in the frequent discussions, 
and in the variety of methods proposed, some of 
them obviously useful, others of only imaginary 
utility. Nevertheless, thanks to these almost cease. 
less discussions and interchange of experience among 
gas managers, the naphthaline question, although 
not yet solved, has certainly been advanced far be- 
yond the point of absolute perplexity at which it 
stood some years ago as stated by Mr. Lowe. 

The question as colloquially expressed in the dis- 
cussions of the several associations is “‘ How to pre- 
vent the formation of naphthaline ?” which, as the 
speakers themselves must be aware, is am incorrect 
phrase, because the ‘‘formation” of naphthaline takes 
place in the retorts, and this part of the subject is 
never dealt with, Correctly expressed (as it usually 
is in the titles of the papers) the question to which 
gas managers give their attention is, ‘‘How to 
prevent naphthaline deposits” in gas-pipes. We may 
deal with the various points of detail at issue in 
these discussions on another occasion ; but for 
the present, and as a starting point, we wish to 
call attention to a very remarkable fact, namely, 
that although the question is nominally the same, 
although these discussions go on just as before, 
the point of view from which the question is 
regarded is now in reality wholly, or almost 
wholly changed. The mind’s eye of the speakers, 
which used to look north (so to speak), now looks 
south. The universal opinion used to be that 
naphthaline was simply and solely an impurity, 
and a most troublesome one, a foreign body 
that must be got rid of, if possible, before the gas 
left the works, and at the very earliest possible stage 
of the purification ; and the question as then dis- 
cussed was, Is it possible to get rid of the naphthaline 
—to take it all out of the gas—and, if so, by what 
means can this be done? Now, the point of view is 
diametrically changed, and the question really is, 
How can we refain the naphthaline inthe gas? ‘The 
prevention of naphthaline deposits is now sought for, 
not by taking out the naphthaline, but by trying 
to keep itin. Instead of accepting it as a hopeless 
impurity, which must be extracted from the gas in 
order to avoid its inevitable deposit somewhere or 
other in the pipes, gas managers now look at it ina 
hopeful spirit, and ask one another, Can we not pre- 
vent these troublesome deposits without sacrificing 
the naphthaline, which is the most light-giving of all 
the constituents of coal-gas? In short, the motive 
of discussion now is, not how to take out the 
naphthaline, but how to find means, if possible, to 
make the gas retain it permanently. 

Wedo not say that this right-about-wheel of opinion 
is clearly recognised, nor is it yet fully accepted. 
In the discussions some men are found speaking from 
the old point of view and others from the new. 
Indeed, at the meeting of the Association in 1874, two 
papers were read upon naphthaline deposits, one of 
which aimed at getting rid of the naphthaline alto- 
gether, while the other aimed at keeping it all in. 
What is more curious, some processes which were 
highly recommended by some speakers as a sure 
means of taking out the naphthaline, were equally 
suggested by other speakers, who advocated the re- 
tention of the naphthaline, and who recommended the 
said processes for this totally different purpose. 
Any one would naturally expect that when the same 
process or material was recommended for two dia- 
metrically opposite purposes, so singular a circum- 
stance would have attracted notice, and would have 
led to the inquiry as to what is the true action of 
the processes in question—which really is the im- 
portant matter to be determined. But the fog will 
soon clear. Before next year, let us hope, the pre- 
sent uncertain or absolutely conflicting motive of 
the discussion will assume a definite form, and the 
facts, which are still so oppositely interpreted, will 
be subjected to strict investigation ; and itis to help 
in this clearing-up process, and to narrow the ques- 
tion to the practical points at issue, that we offer the 
present remarks. 

We think we perceive, and will mention in the 
sequel, a hitherto unnoticed cause, or change of 
circumstances, which may partly account for the 
change of opinion now gaining ground relative to the 
mode in which naphthaline ought to be dealt with. 
But firstly, as to the main point at issue, and which 
has yet to be determined. Is the object of inquiry 
to be to prevent deposits of naphthaline by taking 
this substance wholly out of the gas; or is the pre- 
vention of deposits to be sought for by taking 
means to retaia the naphthaline in the gas, i.e., by 
keeping it as an uncondensed vapour up to the 








poiut of consumption? ‘This, obviously, is the first 
























































































Nov. 3, 1876.] 


ENGINEERING, 








379 





oint upon which an agreement must be come to, 
if discussion is to have a direct and proper object. 

When that primary question is settled, inquiry 
should next be directed to the means to be adopted 
for carrying out one or other of these objects. On 
this part of the case the same suggestion is made 
by both sides alike. Those who advocate the ex- 
traction of the naphthaline recommend naphtha (or 
other similar substance) as the best means of taking 
it out ; those who support the new view of retain- 
ing the naphthaline recommend naphtha as a means 
of keeping itin. Which of these two very opposite 
opinions is the right one? Be it observed weare not 
here speaking of the clearing out of naphthaline 
deposits. Naphtha has long been employed for 
this purpose, and there is no question as to its 
efficacy when so used. The point here is as to 
the use of naphtha to prevent naphthaline deposits, 
whether by retaining the naphthaline in the gas or 
by taking it out; and the question is, which party 
is right—those who say that naphtha will take out 
the naphthaline, or those who say it will keep it in? 

Undoubtedly naphthaline should be retained in 
the gas, if possible, because this substance is the 
most light-giving of all the constituents of coal-gas. 
But is it possible to keep it in? The old opinion, 
which is still largely held, that it is impossible to 
retain the naphthaline in the gas, and therefore 
that it is indispensable to take it out on the works, 
has a strong basis of fact to goupon. Naphthaline 
is a solid—at the ordinary temperatures it naturally 
exists in the form of crystals ; and it is these crystals 
which produce the serious choking -up of gas pipes. 
Moreover, when it exists in the form of vapour, as 
it does when produced in the retorts, its specific 
gravity is about nine times that of coal-gas. What 
use is it then, say the old party, to endeavour to 
keep a solid like this in the gas? It is hopeless, im- 
possible ; therefore, since we must get rid of those 
troublesome deposits which choke our pipes, the only 
course is to take out the naphthaline on the works, 
and at the earliest stage possible. 

On the other hand it is to be borne in mind that 
olefiant gas and the richer hydro-carbons have a 
capacity to hold naphthaline in solution as a vapour, 
not by any chemical union or combination, but 
simply in the same way as water will hold sugar in 
solution as a liquid. Coal-gas consists of three dif- 
ferent classes of substances: (1) true gases, such as 
hydrogen, marsh gas, olefiant gas, and acetylene ; 
(2) vapours of liquids, such as benzole; (3) solids, 
of which the chief is naphthaline. When these 
vapours of liquids condense in the pipes they attract 
little attention, being undistinguishable from the 
tar and water; but when the vapours of solids con- 
dense they are noticed at once, choking up the pipes. 
Both of these kinds of illuminating vapours (which 
per se condense at the ordinary temperatures), in so 
far as they remain in the gas, are kept in a gaseous 
form by being held in solution by the richer or 
olefiant elements of the gas, which, it is true, is a 
very small portion of the gas, only 3 or 4 per cent., 
but then the naphthaline is merely a trace. Upon 
such grounds, therefore, it becomes evident that, 
under certain conditions, it is possible that the whole 
of the naphthaline may be retained in the gas. 

But what are these conditions, and how far is it 
_ or practicable to insure their observance ? 

he chief conditions are the quality of the gas and 
the temperature to which it is exposed. Ceferis 
paribus, the richer the gas the greater is its capacity 
to hold naphthaline in solution, and the lower the 
temperature the more readily will naphthaline drop 
out of the gas and be deposited in thepipes. We doubt 
if the illuminating power be a perfect measure of 
the presence in the gas of those richer hydro-carbons 
which have the capacity to carry the naphthaline by 
keeping it in solution as a vapour; because gas of 
the same illuminating power may contain either a 
comparatively large proportion of marsh gas (car- 
buretted hydrogen) and a smaller proportion than 
usual of the richer hydro-carbons, or it may contain 
a less proportion of marsh gas and a larger pro- 
portion than usual of the richer hydro-carbons; 
and doubtless gas of the latter kind will carry 
naphthaline better than gas of the former kind. 
But, for all practical purposes, we may regard 
the illuminating power as indicating the greater 
or less capacity of the gas to retain naphtha- 
line. Accordingly, we think experiments ought 
to be made to ascertain what is the carryin wer 
for naphthaline of gas of different degrees of ifumi- 
nating power under a fixed temperature. For 
example, take a given temperature, say 60 deg. Fahr., 


gas from 12 candle power upwards. And to make 
the experiments complete, the “ carryin wer” 
ought also to be determined for these different kinds 
of gas at different temperatures, say from the freez- 
ing-point up to 80 deg., which is a higher tempera- 
ture than it is possible to keep the gas at up to the 
point of consumption. 

We are inclined to think that the great change of 
opinion as to the mode of dealing with naphthaline, 
which has recently taken place, is to some extent 
owing to gas in many places being now made of a 
higher illuminating power than formerly, so that 
the naphthaline is less prone to deposit itself than 
used to be the case. Anyhow it is indispensable 
that some such experiments as those above sug- 
gested should be made before any correct decision 
between the old opinion and the new one can be 
arrived at. Perhaps it may be found that both 
opinions are correct under certain but different cir- 
cumstances, and that, while in most cases it is ex- 
pedient to endeavour to retain the naphthaline in 
gas, in others, and with gas of inferior quality, such 
an attempt may be hopeless, and the only object 
— to be to take out the naphthaline altogether. 

astly, as to the effects of naphtha when em- 
ployed with reference to the naphthaline. Does 
the naphtha, now frequently employed, take out 
the naphthaline, or keep itin? One party appeals 
to the non-férmation of naphthaline deposits, when 
naphtha is used, as a proof that the naphthaline is 
taken out; the other party appeal to the same fact 
to prove that the naphthaline is retained in the gas. 
But the mere fact of the absence of naphthaline 
deposits leaves the question entirely in doubt; be- 
cause, as is obvious, the non-formation of these 
deposits may be due as well to the one cause as to 
the other. 

It may be due either to the naphthaline being 
kept in the gas by the naphtha, or to the naphtha 
having taken it all out, For our own part, we 
hold that naphtha will have either the one effect 
or the other according as it is employed. If it is 
brought or kept in contact with the gas as a cool 
liquid, it will certainly take out the naphthaline ; on 
the other hand, if the naphtha be brought in contact 
with the gas in such manner that, from the heat of 
the gas, it is vaporised, then it will act simply by 
enriching the gas (just as if cannel coal were used 
in the retorts), and thereby increase its power 
of carrying, or keeping in solution, the naphthaline. 

When these questions are correctly determined, 
the naphthaline question will be narrowed to a few 
simple matters of detail, which may be easily settled. 


THE ECONOMIC AND MECHANICAL 
EFFECT OF MACHINES.—No. IV.* 
By J. Ricwarps. 

PNEUMATIC RatLway BRAKES. 

THERE is no small difficulty, as all who have tried 
it are aware, in searching out the principles on which 
a single machine operates or is constructed. This 
difficulty of course increases when the same mode 








of investigation is applied to a system of machinery, ak 


a branch of manufacture, or any problem involving 
much detail. It is thought that a fitting conclusion 
to the series of articles on ‘‘Shop Manipulation” 
will be an attempt to illustrate their general drift, 
by a more extended example of generalisation than 
has previously been given. 

In casting about for such an example, pneumatic 
railway brakes have been selected, and it will be 
proper to say that in choosing this subject it is merely 
in the way of illustration, and with no intention of 
expressing preference, or even an opinion of the dif- 
ferent schemes which have been invented, and 
of which the writer has a general knowledge 
only. Railway brakes as a subject is an extensive 
one, embracing much which is of general interest, 
and but little that can be generally and popularly 
understood. The economic phase of the subject, 
dealing mainly with danger, accidents, and expense is 
to be measured by statistics, rather than by induc- 
tive conclusions, and what follows will be mainly 
confined to the mechanical branch. Leaving out 
for the present problems connected with specific 
kinds of mechanism and taking the subject of railway 
brakes in the abstract, the following conditions of 
their operation are reached : 

1. Power to be applied at a number of different 
points, disconnected and distant from the place 
where the power is generated and controlled. 
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2. No positive connexion to be maintained be- 
tween the mechanism for generating and that for 
applying the power. . 

3. The application of this power, both as to time 
and degree, to be controlled by the will and judg- 
ment of an attendant. 

4. The power to be distributed uniformly to dif- 
ferent points, the number of which may be tem- 
porarily increased or diminished as circumstances 
require, 

5. The power to be applied in inaccessible places, 
and under circumstances which preclude inspection 
during its application. 

6. The machinery of transmission, and application 
to be exposed to the extreme changes of out-door 
temperature, shocks, jars, and to operate in a cloud 
of sand dust. 

7. To operate under circumstances which render 
derangement or failure much more disastrous than 
under conditions such as usually attend on ma- 
chine action. 

Under such circumstances brakes must operate, 
and if viewed, as said, in the abstract, they seem 
to present a puzzle of impossibility. 

n considering brake mechanism it will be impos- 
sible to take notice of all the various systems now 
in use, It is besides unnecessary to the present 
plan, which is to investigate some of the causes 
which have favoured the employment of pneumatic 
apparatus, a system which to superficial observation 
appears more like a refined complication, than a 
simple and practical expedient. 

The different systems of brake mechanism may be 
classed in three divisions. One comprising hand 
brakes, where manual force is employed and where 
this force is transmitted by wheels, shafts, links, 
rods, and soon. ‘The second where fluids, such as 
air, water, or steam form the medium of transmis- 
sion; the power being taken from that employed to 
ae the train, and applied either positively to 
orce the brakes against the wheels, or negatively 
to oppose springs which are released to perform the 
work, Third, brakes operated by the momentum of 
trains, the power being taken off by frictional con- 
nexion with the axles or wheels. 

The comparison proposed here will be between 
the two systems first named, as they are the best 
known; the object being to ascertain why air 
brakes have succeeded. 

The frictionalor momentum system will be noticed 
at the end. 

1. In respect to transmission, there are several 

points of difference between the pneumatic and 
what we will term the link system, It is well known 
that in all mechanism of transmission the uncer- 
tainty of action increases with the distance to which 
power is transmitted. This uncertainty is due to 
several causes, but especially to the employment of 
movable joints. Such joints become necessary when 
angles are made in the course of transmission, when 
speed or force are changed, and when the power 
transmitted has to be distributed to different 
ints, 
In the case of operating hand railway brakes, it 
is easy to see how rapidly the number of joints 
must be multiplied as distance increases. Power is 
first applied by turning a wheel; this movement 
must be changed from rotary to rectilinear, trans- 
ferred from one plane to another, and through various 
angles, involving shafts, wheels, links, chains, rods, 
levers, and so on, until the number of movable 
joints is increased to hundreds. The working range 
of a handwheel may be estimated at from 10 ft. to 
30 ft., while the brake movement is less than 1 in., 
or, counting only the working range, it may be but 
din. The strain which falls on the various details 
of the transmitting mechanism varies as the move- 
ment; at the handwheel it may be 2001b., at the 
brakes it may be tons. No skill can foresee or pro- 
vide proportions, and this difficulty increases with 
ron di istance between the motive power and its 
work, 

Expansion and contraction from changes of 
temperature increase as the distance of issi 
and become a matter of considerable importance 
when the final working range, as in the case of 
railway brakes is but afraction ofaninch. An equal 
distribution of power to different brakes is di t 
to maintain when long metallic connexions are 
employed, and when the changes of tempera- 
ture are considerable; a uniform pressure on 
different brakes can be secured only by ‘‘ balan- 
cing’”’ devices. 

neumatic transmission is, no doubt, 





ae 
some of the difficulties named, but not all, in no 
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case in the same degree as the link system ; movable 
joints do not increase with distance, nor do the 
effects of expansion and contraction and wear inter- 
fere so much with reliable performance. The amount 
of strain to which various — of the transmittin 
machinery is subjected can be foreseen and provid 
for. Distance increases the risks of hose and pipe 
connexions, but nothing more ; the flow of air, or to 





give it another name, the speed of transmission, is 
such that in effect it is equal to that of movement im- 
ek links, rods, or chains. 

2. erring to the maintenance of mechanical 
connexion throughout a distance which is constantly 
varying, we come to that feature in spre 
mission which more than any cther contributed 
to its success as a means of operating brakes, 





The mechanical difficulty which attends the trans- 
mission of power between two points which vary in 
one plane only, is well known, but when this varia- 
tion is not only in one plane, but in all planes, and 
irregular both as to time and , as between rail- 
way carriages, it seems impossible that a connexion 
can be maintained. Attempts to bridge over the 
difficulty, and to operate the brakes of trains from 
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one carriage by means of rod connexions have, 
so far as | know, generally resulted in a return 
to the old system of independent brake apparatus 
on each carriage. 

In this matter of communicating brake power be- 
tween carriages, there is therefore scarcely a com- 
— to be instituted between the pneumatic and 

system which does not favour the former. 
A flexible hose accommodates itself without injury, 





and without interfering with its functions, to what- 
ever change of relative position may take place 
between the carriages, and fails to act only when 
a coupling breaks or a train is separated, and even 
in that case the brakes are thrown on if the air is 
applied negatively, that is to hold the brakes away 
from the wheels, the pressure being given by 
springs or equivalent ee 
Especial attention is called to this flexible con- 





nexion employed in the pneumatic system, and to 
the general results which such a connexion leads to. 
There is no mechanical equivalent for this flexible 
hose, at least none which can transmit positive 
movement, and the history of brake schemes has been 
mainly a search after this flexible connexion be- 
tween carriages. 

8. In the matter of control as to time and degree 
of the force applied to brakes, a comparison between 
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the hand and pneumatic systems will disclose various 
points of difference. - These differences, it is true, 
arise more from the employment of manual power in 
one case and steam power in the other case, than to 
the peculiarities of the mechanism of transmission, 
but still a a will serve to explain some 
of the reasons why air brakes have succeeded. 

In the case of hand brakes, the limit of pressure 
which can be applied should come within what will 
lock the wheels and cause them to slip on the rails, 
It will require no argument to show how impossible 
it is to arrange a set of brake apparatus with 
such a limit, even if it is assumed that the number of 
brakes to be operated is constant. Experience has 
proved that in operating hand brakes little or nothin 
can be risked to the judgment of attendants, an 
that the only safe plan is to so arrange the mechanism 
that a strong experienced man can do no more than 
slip the wheels when he applies all the force he can 
in windingup. To destroy anything like a constant 
result there are so many conditions that it is difficult 
to decide which to refer to first, A strong man may 
exert twice the force that a weak one will ; there may 
be a difference almost as t between which an ex- 
perienced and an inexperienced man will perform in 
winding up a brake; a man under excitement 
may exert twice the power he would under ordi- 
nary circumstances ; a force which would slip the 
wheels on an empty train might be far short of 
what is required in braking a loadedone. The hand 
power when applied is so weak that the least impedi- 
ment, such as a dry shaft, a tight joint, or a ‘* jam” 
in the mechanism near the handwheel may easily and 
perhaps insensibly neutralise one-half or more of the 
effort applied. The “feel” of a train, the sound 
of the brakes, and so on, are, it is true, some guide 
for an attendant when applying hand brakes, and to 
a considerable extent assist in determining the force 
required, but these things depend upon the expe- 
rience of the attendant, and also upon the constancy 
of conditions. On urban passenger trains where the 
load, number of carriages, and speed are measurably 
uniform, and where the trains pass and repass 
over the same grades, and stops under the same con- 
ditions; a brakeman can be trusted with power 
enough to lock the wheels, and his judgment de- 
pended upon; but such circumstances are excep- 
tional. 

Pneumatic apparatus overcomes the more serious 
of these difficulties. The degree of force applied 
to brakes, it is true, must be left to the judgment 
of attendants, but it does not depend on anything 
so uncertain as the amount of physical strength 
which different men may exert, The control is 
a in the hands of those whose skill and know- 

edge should be extensive, and may to a consider- 
able extent be directed by exact rules based upon 
experiments. The contingencies of derangement in 
the transmitting mechanism are comparatively few. 
The chances of such derangement, in so far as it 
may affect the force applied, is mainly in the de- 
tails between the cylinders and brakes ; each cylinder 
acts independent of the rest, that is, the aggregate 
of the pressure applied is not dependent upon the 
means of transmission, as in the case of a rod or 
chain, so that derangement of the mechanism will, 
as a rule, only interfere with one set of brakes. 

4. Time, another element of considerable impor- 
tance, affords means of comparison also, 

The difference between the movement of a hand- 
wheel and the working range of a brake has been 
already alluded to. Power is measured by time and 
velocity, and as a man can exert but a small part of 
the force required to operate a set of brakes, he 
must make up the deficit either by time or velocity. 
The rate at which the hands can move is limited, so 
that time must be the main element in multiplying 
the force given out by a brake-wheel. 

A man could no more apply a set of brakes in- 
stantly, by his own strength alone, than he could 
oppose the momentum of a train by the same effort; 
he must have time to wind up, and in this way ac- 
cumulate power, 

The delay in winding up hand brakes has been a 
fruitful source of accidents, As a difficulty it is 
insurmountable, being, as before explained, the 
result of employing an inadequate power as a first 
mover, 

The time of application and release by pneumatic 
apparatus is instantaneous, or at least as sudden as 
it should be, and is equally as much under con- 
trol as hand mechanism. In hand-braking an 
operator “feels” the result produced, or feels and 
hears together, we may say. In the exercise of 
these senses there are, as been pointed out, 
various contingencies, some of them serious, some 





probable, and some unavoidable. With pneumatic 
apparatus there is the additional advantage of seeing 
by the pressure indicated what force is applied. 

The pressure applied, which is constant in the 
pipes, it is true may, through certain contingencies, 
not reach the brakes in the same degree. From 
an accumulator to the brake cylinders there is but 
little chance of failure. Between the cylinders and 
brakes there is the same liability to a and 
derangement that exists in the connexions of hand 
apparatus, But this danger is as the length of the 
connexions, or the number of details employed, and 
is greatly in favour of air apparatus. 

In respect to the distribution of force to different 
brakes, so that a uniform effect may be produced, 
the employment of air as a medium of transmission 
has in the present case obvious advantages. The 
uniform distribution of power to two or more points 
is available in three by, = one by the employment 
of mechanism, which positive movement, and 
when the distance moved can measure the result 
produced, that is, in cases where the effect pro- 
duced is directly as the movement. An example of 
this is furnished by what is called the Rider forging 
machines, where a number of dies are operated by 
eccentrics on one shaft; the relative effect produced 
by the different dies, provided all were performing 
the same work, would be dependent on the length 
of the connexions and position. The second plan is 
by the employment of balancing mechanism, such as 
double levers, so that one brake, to use a shop term, 
‘* pulls against the other.” This plan is commonly 
employed in braking mechanism, as a means of 
equal distribution, and is perfect, as between two 
brakes, one reacting on the other, or the brakes of 
one carriage may all be arranged so as to balance 
each other by means of levers; but tocontinue this 
rinciple from one carriage to another with rods, 
nks, levers, and so on is impossible; to extend 
it even beyond a pair of brakes is to introduce 
mechanism of some complication. 

The third plan of securing uniform distribution 
of force to be noticed is by the employment of an 
elastic medium of transmission. Mechanism acting 
upon what may be called the elastic principle 
must be divided into two classes; wherein springs 
are employed, asin the case of applying pressure 
to feeding rollers, each spring acting independently, 
or reacting on each other to produce a balance ; the 
other class, where air or any elastic fluid is employed 
instead of springs, the whole system being connected 
and the pressure balanced, like water seeks its level. 
This is the mode of action when force is dis- 
tributed by pneumatic apparatus; the pressure is 
uniform at each point where power is applied, and 
the uniformity of effect is not interfered with, no 
matter how often the power is subdivided. Water 
employed as a medium of transmission would of 
course have the same effect if held in compression by 
air or steam, but would not possess the same facility 
of adjustment, that is, its flow is too slow and is too 
much retarded by angles and the friction in pipes, 
to permit the rapidity of application and release 
which is possible when air is employed. 

It may therefore be assumed that there is at this 
time no other plan which so completely fulfils the con- 
ditions of a uniform distribution of power toa number 
of brakes as the air system does, nor is there any 
other plan which admits of so easy variation in the 
number of points at which power is om 

6. In considering the effects produced by exposure 
to dust, shocks, and jar, the advantages of pneumatic 
apparatus is obvious, in so far as pipes and flexible 
hose are to be compared with rods, links, and so on, 
There is, however, no part of hand-brake mechanism 
so liable to injury or derangement from dust as air 
cylinders and pistonsare. What statistics may show 
as to derangement and the expense of repairing 
these details I am not aware. 

To employ the momentum of a train in poi 
brakes is beyond doubt the most rational among 
the different plans of securing the required power. 
The force in that case is generated near to the 
brake. ‘The mechanism for converting friction from 
axles or wheels into maintained pressure against 
brakes is simple and practical. e most serious 
objection to the operation of such mechanism would 
no doubt, be found in the difficulty of maintainin 
the frictional apparatus when ex to dust. 

In employing frictional mechanism it is evi- 
dent that the power applied to brakes would be 
taken from the momentum of trains and be saved, 
not only saved but deducted from the force to be 
overcome by the brakes. With these rather im- 
portant advantages in favour of the frictional sys- 
tem, we must look for some opposing conditions 


g similar—although upon a 


which have hindered success, or as may be claimed 
almost wholly to have prevented its employment, 

The difficulties seem to consist in two things, 
formidable enough when we consider them in an 
economic way. First, nearly all the objections 
which have been pointed out in the case of trans- 
mitting mechanism consisting of rods, links, and so 
on, are to be encountered in providing “let off” or 
engaging apparatus for operating friction clutches. 
The difference is only in the amount of force trans- 
mitted; the mechanical obstacles of maintaining 
connexions throughout varying distances and be- 
tween a varying number of carriages would be much 
the same. The absence of severe strains, of course, 
would be much in favour of engaging mechanism 
when compared with that which transmitted power 
to operate brakes. The danger of accidents would 
be less, but the main difficulties are inherent in the 
principle and must remain. 

The second, and most serious obstacle to the 
the frictional system, is in the employment of a 
number of different sources for obtaining power, or, 
to express it another way, the maintenance of inde- 
pendent mechanism on each carriage or for each set 
of brakes, not having concerted action. 

Each friction clutch would embody, we may sup- 
pose, all the liability to disarrangement and acci- 
dent which one central motor to operate all the 
brakes would do, and not only this, but these inde- 

ndent motors would be inaccessible and removed 

rom inspection when a train was in motion. There 

are, no doubt, other obstacles to the frictional sys- 
tem, many of which cannot be foreseen, and would 
only appear after experiment. But what has been 
named are enough to show that this, in common 
with all plans for operating brakes, is beset with 
mechanical difficulties. 

To draw some conclusions from the various pre- 
mises which have been touched upon, the following 
propositions may be reached :— 

1. The employment of an elastic fluid is the best 
means of securing rapid transmission and also 
uniform distribution of power to the brakes of a 
train. 

2. The best means of transmission is by flexible 
pipes which are not affected by deviations of 
distance or position between carriages. 

3. The pressure in the locomotive boiler is the 
best source of wer available, and this force 
should be transmitted to the brakes with the inter- 
vention of the least possible amount of machinery 
and detail. 

To these propositions many more might be added 
relating to time, control, and so on, but it is unne- 
cessary to follow the matter further. What has 
been pointed out will serve to show that notwith- 
standing the apparent complication of the system, 
there are many reasons why air has been successfully 
applied in transmitting power to brakes, 

it may be remarked in conclusion, that while the 
economic conditions attending on machine action 
are much easier traced ‘‘ after” experiment has dis- 
closed data, there is nevertheless in many things 
much practical advantage gained by generalising. 
Such a course of treatment is the only means through 
which technical knowledge can become popular, the 
mode of presenting it isso as to be comprehended by 
those who are unskilled, and while the plan may 
want in exactness, and often lead to error, still itis 
a legitimate aid in our attempts to understand various 
things in mechanics which seem anomalous. 

As said at the beginning, the subject of brakes has 
been employed as a means of illustration only, and 
there are no doubt many things overlooked of equal 
importance with what has been mentioned, those 
which practical experience in constructing and 
operating brakes could alone furnish. 








TASMANIAN Marin Line Rartway.—The Tasmanian 
Main Line Railway, notwithstanding disputes with the 
Tasmanian Government, is still y= Meetings have 
been held at Campbell Town and Sorell, calling upon the 
Tasmanian Government to insist upon the contract of the 
Main Line Company being strictly carried out. 

Tue KenNNEBEC.—Works are proceeding for improving 
the navigation of the Kennebec. The works are somewhat 
imi smaller scale—to those under- 
taken at Hell Gate, New York. Dry Rock, near Rich- 
mond, is being removed under the direction of General 
Thom. In the neighbourhood of this rock there is a 
strong tidal current. In one blast recently there were four 
holes drilled 17 ft. deep, and filled with Vulcan powder. 
The mine was means of a ba , and the dis- 
charge removed a mass of rock weighing about 370 tons 
a distance of 30 ft. The Kennebec is the chief ice mart— 





or one of the chief ice marts—of the United States. 
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THE HISTORY OF THE STEAM ENGINE 
IN AMERICA.* 

Tue chronicle of the steam ine in America has 
received from two soarces, some valuable additions which 
have proceeded from the Centennial Exhibition. The first 
of these is a letter written by J Joseph P. Bradley 
(United States Supreme Court), wi ich accom: es the 
exhibit of a portion of the cylinder casting of a Newcomen 
engine, whieh ia stated to have been in use in 1753, near 
Newark, New Jersey. And the second source is a paper 
written, and illustrated by drawings, by Fred. Graff, C.E., 
descriptive of the engines and boilers for the water works 
of Philadelphia, from the commencement of the water 
supply in this city in the year 1800, down to the year 1822. 
The previous reliable information which we have possessed 
as to the early use of the steam engine before the year 
1803, has been founded on a “‘ First’’ Report of Benjamin 
Henry Latrobe, member of the American Philosophical 
Society of Philadelphia, at the meeting of the Society, 
May 20th, 1803, and published in their Transactions, 


vol. vi., (1809 on the title page), in answer to the inquiry |” 


of the Society of Rotterdam, ‘‘ Whether any, and. what 
improvements have been made in the construction, of steam 
engines in America?’ 1 € 
to have been made at all.] By collating ppd erouping 
together the data afforded by these several anthorities, wit 
some little additions from general history, an intelligible 
account may now be presented. i ‘ 

The report of Mr. Latrobe gives the priority of erection 
of an engine to that at the Schuyler Copper Mine on the 
eastern of the river Passaic, a few miles above 
Newark, New Jersey. This engine isthe one referred to in 
Judge Bradley’s letter. It was built, by the Hornblowers, 
and one of the sons came to this country with it, and itis of 
peculiar interest as being the production of the celebraated 
engineers who were identified with the construction of the 
first practical engine ever built. 

The family of Hornblower went through three genera- 
tions as steam engine builders, and the recurrence of the 
name seems, now, not a little confusing to the reader of 
history. The earliest record is that of Joseph Hornblower, 
of Bromsgrove, Worcestershire, near Birmingham, who, in 
1712, was an engine builder in Wolverhampton ; and thir. 
teen years later, in 1725, he left Staffordshire and vee 
near Redruth in Cornwall, and sw tended (probably 
built) the engine at Wheal Rose mine. There were but 
two engines in Cornwall in 1720, one finished that year, 
and one built, prior, in 1714, and the Wheal Rose engine 
was probably the third. Joseph Hornblower had two sons, 
Jonathan and Josiah (if not others), who followed the busi- 
ness of the father. According to Judge B , this Ame- 
rican engine was the production of their » about the 
year 1750 (possibly the father yet continued in active busi- 
ness) ; ‘‘and Josiah Hornblower, then in his twenty-fifth 
year, came to this country with it.” Mr. Hor er ex- 
pected to return as soon as the engine was in successful 


operation. But the proprietor of the mine (Colonel Schuyler) | wall, determin: 


induced him to remain, and within the time of two years he 
married Miss Kingsland, whose father owned a jase Ree 
tation adjoining that of Colonel Schuyler. The late Chisf 
Justice Hornblower, of New Jersey, was the youngest 
of a large family of children, who resulted from 

ma: e.? 

Jonathan, the brother of Josiah, continued as an engine 
builder in Cornwall, and in 1770, Smeaton names the prin- 
cipal makers of the atmospheric engine as Jonathan Horn- 
blower the elder, and John Nancarrow. [John Nancarrow 
subsequently came to this country and his descendants are 
yet resident in Philadelphia. Jena had a numerous 
family of children, all brought up as engine bui 
engine men. 

onathan, Jesse, Jethro, Jabez Carter (the order of age 
not being certain), with possibly others, constituted the 
male portion of Jonathan the elder’s children. The family 
were one and all possessed of high mechanical ability, and 
under ordinary circumstances would have thriven in their 
occupation. Their education from childhood had befitted 
them for leaders of men—directors of work, but on reach- 
ing the age when their talent would have been most rs 
ductive of results, they found the patents of Watt 
closed every door of entrance upon engine construction on 
them. The very constructive ability, manipulations, and 
implements which the family had evolved in half a century of 
intelligent labour, was absorbed with their business into the 
workshop of Boulton and Watt, while for themselves there 
was neither tolerance nor endurance, as foremen or work- 
men, in engine construction. Jonathan here named was 
the inventor and patentee of the ae , the 
history of which in the lawsuits with Watt is wn, 
and subsequently he is said to have been an en- 
gineer of mines in Cornwall, and died 1812-13. 

Jabez Carter was the writer of the hi of the steam 
engine | the “ oe og for i any of = 

inthus Gregory, which history appeared complete in the 
first edition only, being partly suppressed in the subsequent 
editions, not without Dr. Geegonate protest. He died 
1814, and with him the prominent connexion of the family 
with te steam engine, after 100 years, appears to have 
ceased. 

There will by found as the exhibit of Mr. David M. 
Meeker, of Newark, New Jersey, in the Machinery Hall, 
column B, 76, a cylindrical casting as shown on the ac- 
companying sketch, which has been pre to the scale 
of jin. to the foot. Together with this casting there is 
the descriptive letter of Judge Bradley. It is a portion of 
the cylinder with the lower flange remaining upon it, while 
the — end has been cut off, apparently in the lathe, as 
the edge is very straight and true. The interior is 
tolerably cylindrical and straight, with a few recesses, of 
perhaps 1 in. in one (the longest) direction across, and less than 
v. in, in depth, but the surface is otherwise generally even. 


* From the Journal of the Franklin Institute. 








[The second report doeg mot-appear | j 


-or more, in parts ¢ er In Dudley, South Stattord. 





It has been completely scaled by rust since it was in use, 
although now showing a coating of paint on evidently clean 
but much pitted iron. The rusting effectually remoyed 
all indications of wear, so that it presents no marks of 
former work, and its identification as a “‘ relic’ at all, rests 
upon its traditional authentication. There are twelve bolt 
holes of 1gin. in diameter, equally spaced, in the lower 
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also drives a rolling and slitting mill. is no descrip- 
tion le by Mr. Latrobe py ion oa . 

**4. One at Boston, of which I am o generally in- 
formed, employed in some manufacture.” 

_Mr. Latrobe then adds that in his second report (never 
given), he proposed to describe some improvements made 
on ae eet New York... if it be found to 
answer the intended purpose: “‘ Nor ought I to omit the 
mention of a small engine, erected by Mr. Oliver Evans, as 
an experiment, with which he grinds plaster of Paris ; nor 
the steam wheel of Mr. Briggs.”’ 

Mr. Graff’s narration now supplies a good description of 
the Philadelphia Water Works engine, and is accompanied 
with drawings. 

These drawings of Mr. Graff are derived from the papers 
of his father. ‘The senior Frederick Graff was as 
draughtsman for the Philadelphia Water Works in 1799. 
These water works when first built had B. H Latrobe 
as engineer, John Davis as clerk of works, and erick 

raff, draughtsman. Mr. Latrobe’s connexion ceased 
with the erection in 1801 (or 1803 at the furthest), his 
agreement requiring him to direct their completion. They 
then remained in c of John Davis; but in 1805 Mr. 
Davis went to Baltimore, and Mr. Graff, who had been 
activel ed in an official capacity upon the water works 
until that ti became superintendent. He remained in 

until. his death in 1847, when he was succeeded as 

of the works, by his son, the present writer. 
construction of the first engines for the Philadelphia 
Water Works were commenced in the year 1800. They 
‘were built at the Soho Works of Mr. Nicholas J. Roose- 


If the ions of Newcomen’s were | yelt. The Soho Works were situated on Second River, 
followed in case, there must have been . 24 ft. of a mile west (or N.W.) of the Passaic (the 
more length for the cylinder, with a nge near to mine was on the opposite side of the ic, 
the place where the cut wasmade, This sup would | quite near this place). The location will now be found in 
make the original engine about 6 ft. stroke by 2 ft. 10} in. ille or Bloo , about four miles from Newark. 
in diameter, — ~ Messrs. Smallman and Staudinger —— in . 

Crude and as these Newcomen engines are | tion, according to Mr. Latrobe, to have the mechanics ; 
popularly they have done in. their daya and Mr. Roosevelt the capitalist and owner of works, or 

of work, and afew of them are to be not ‘ 

merely as neglected 8, but at work at the} Mr, Graff gives the following extract taken from the 
present time as they have continued to work for ‘| minutes of the Committee on Water Works, dated July 4, 


shire, near a » one instance is quoted to. the 
writer of this article by Mr. J. C. Hoadley, of Lawrence, 
Mass., of an engine he saw running as recently as the year 


Quoting Judge Bradley’s letter to Mr. Meeker: ‘The 
steam engine of which you possess a relic was, as you sup- 


pose, the first ever erected on this continent. It wag im- 
aces Sadr England, in the year 1753, by Colonel John 
ler, for the Ye of pumping water from his 
mine opposite Belleville, near Newark, New Jersey. The 


mine was rich in ore, but had been worked as deep as hand 

and horse power could clear it of water. Colonel Schuyler, 

having heard of the success with which steam 

(then called fire engines) were used in the mines of Corn- 

N ined to have one in his mine. He accordingly 

pf espe his London correspondents to proane an 9 
to send out with it an engineer capable of putting it up 


and in operation. 

‘* After 1760 the Schuyler mine was worked for several 
years by Mr. Hornblower hi The approach of the 
war, in 1775, caused the operations to cease. Work was 
resumed, however, in 1792, and was carried on for several 
years by successive parties. It finally ceased al er 
early in this century, aud the old engine was bi up 
and the materials disposed of. The boiler, a copper 
cylinder, yr 4 upright, 8 ft. or 10 ft. high, as much 
in diameter, with a flat bottom and a dome-shaped top, 
was carried to Philadelphia. The relic in your ion 
was a portion of the cylinder, and was pure by some 
person in Newark. 

**TIn 1864, I met an old man named John Van Emburgh, 
then a hundred years old, who had worked on the engine 
when it was in operation in 1792. He described it very 
minutely and, I doubt not, accurately. It is from his de- 
scription that I happened to know the kind of engine it 
was; although, from the date of its construction, and the 
use to which it was put, there could have been but little 
doubt on the subject.” : 

Passing from this authenticated 


1800; being a report made by Mr. Thomas P. Cope, who 
was sent to examine the work upon the engines erecting at 
the time ; this extract will give a good idea of the progress 
of steam engi neering at that time, and serve as a measure 
of the advance made since : 

**'Took passage (from Philadelphia) in the stage for Soho 
Works, near Newark, New Jersey, on the morning of the 
~ yt uly, 1800; and arrived there about noon of the 
nex! " 

** Soho is named after the works of Boulton and Watt, 

in England, and is situated about three-quarters of a mile 

santewent of the Passaic, on a small stream called Second 
ver. 

‘* The works consist of a smith shop 90 ft. by 40 ft., with 
six fires and two air es; next to this is a room 30 ft. 
by 20 ft., in which is the fire, for heavy work ; four wooden 
bellows play into a regulator 15ft. by 15 ft., with pipes to 

, and four furnaces for melting and refining copper. 
Then there is a stone building 20 ft. by 24 ft., two stories 
high, with six stam for preparing for the furnaces ; 
next to this isa fitting shop with large lathe and drilling 
machine, and a water-wheel 20 ft. in diameter, to bore 
cannon ; next to this is a shop with a water-wheel 30 ft. in 
diameter for boring large oqindsy rs; this is now boring a 
small eylinder for a steamboat, which belongs to t, 
Chancellor Livingston, and others. 
** Higher up the stream is the furnaces, 60 ft, by 50 ft., 
with two air furnaces capable of melting 40 owt, of metal 
each, two blast furnaces for melting and re copper 
with a coal house and _— shop, with two foot lathes ; all 
are stone buildings; stream affords a head and fall of 
16 ft. to 18 ft. , 

‘**'The large cylinder for the engine to be used on the 
banks of the Schuylkill at the water works was cast in two 
pieces, and united by.copper, the joint being secured ex- 
ternally by a st band of cast iron, 18 in. broad, 
weighing 1200 lb. ; cwt. of metal was used for the 
cylinder ; it is 64 ft. long, and about 384 in. in the bore; 
about ¢ in. throughout was at first to be eut away; 


+in. has been accomplished ; two men are required 


example of an A ; 

the next reference beyond question is that of Mr. Lai almost lives in the eylinder, with a hammer in hand 
(which reference is y Mr. Graff for some of his as- | to things in , and attend to the steelings 
sertions). Mr. Latrobe says: ‘‘ Steam engines on the old | (cutters) ; the other attends the frame on which the cylinder 
construction were introduced in America above 40 years | rests, w mov suitable machinery ; hands 
0. ‘Two, I believe, were put up in New England before | are reli and amee, pees on dey and niging one men 
the revolutio: war, and one (which I have seen) at the | is also — to — the steelings ; the work is stopped 
7 mine on the river ic, in New Jersey, known by | at dinner time, but this is thought no disadvantage, as to 


the name of the Schuyler mine. All the principal of 
these engines were im from England. With the 
Schuyler mine engine, Mr. Hornblower, the uncle of the 
younger Hornblower, came to erica. He put up the 
engine, which at different times has been at work during 
the last thirty years, and which, notwithstanding its im- 
perfect construction, and the faulty boring of its cylinder, 
effectually drained the mine. 

‘‘The only engines of any considerable power, which as 
far as I know are now at work in America, are the follow- 
ing: 1. At New York, mgs to the Manhattan Water 
Company, for the supply city with water. The 
Manhattan Company’s engine is upon the oper oy ag 
Boulton and Watt's double engine without any 
It has two boilers, one a wooden one upon the construction 
of that first put up in Philadelphia, the other of sheet iron 
on Boulton and Watt’s co ion. The flywheelis driven 
by asun-and-planet motion and the shaft works three small 
pumps with common cranks. - . 

“2. One at New York, belonging to Mr. Roosevelt, 
employed to sawtimber. [Mr. Latrobe gives no intelligible 
description of this engine}. ; ‘ 

“3. Two at Philadelphia, belenginn ts the corporation of 
the city, for the supply of the city with water; one of which 


Somapestenty the epider would become too much heated ; 
e work also stands whilst the steelings are being changed 
which required about ten minutes’ time, and in ten minutes’ 
more wor! they wore Sell agein ; T-eunaingh oene-of thom 
and found them worn a } in. in that time. Three 
steelings (or color about ~ on the edge, gt 
headpiece at one time. e —— little 
than the diameter of the cylinder, and 6in. t secured 
upon a@ rod of iron 8 in. in di , which forms shaft 
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THE HISTORY OF THE STEAM ENGINE IN AMERICA, 


ENGINE AT THE CENTRE SQUARE WATER WORKS, PHILADELPHIA. 







































































\——-TUNNEL SUPPLIED , SCALE OF FEET 
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i se TT 6 “7 : A 
Buitpixe commenced July, 1799; commenced erecting the engine 
February, 1800. Started the engine to supply the city January 21, 
1811. Supply from these works discontinued September 7, 1815. 
Building taken down; 1827. 
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e, ani ve a do acting in. 

in diameter and 6 ft. fh k — 
ite), built 


stroke. : 
square (see Fig. 1, 
time, and at 


cy 
acting pump of 18 in. diameter and 6 ft. stroke, 
raising the water into tanks about 51 ft. high. 
the crue ant eenat ‘he Syeheds te 
Sta ony bleh the, fre - were - 
upon whic 
ported, the hot wells, the hot and cold water 
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of 1 t og: a 
made, the flues still being of cast iron; this not bei 
satisfactory on account of the unequal contraction an 
ion of t ye a a + atl 
ht-iron flued were also pu 


‘Great advan wat af the tine supposed to 
by the non-cond: of the wood, and i y the 
Cae ae Se Se x. ith th itis iad 

- made wi 6 when above 
acnustdd coalen ler was in ty recorded that 
the engine at Chestnut-street, on the a. whilst lift- 
ing the water to the height of 39 ft., and A500 Se eaten |° 
of 16 revolutions per minute, raised 1,474,500 ale gallons 


of 232 cubic inches each, in 24 hours, with & consumption | in 
of 70 bushels of Virginia coal. And the engine at Centre- 
square, raising the water 51 ft., pumped 962,520 ale gallons 
in 24 hours, with a consumption of 55 bushels of the same 
kind of coal ; the pressure of steam, in both cases, being 2} Ib. 
to the square inch.”” Taking the weight of a bushel of Vir- 
coal to be 1001b., these figures give the duty of the Chest- 
nut-street engine as 4, 790,000 lb. of water one foot high 
per 100 Ib. (one bushel) of coal ; and the duty of the Centre- 
square cugee 4,091,000 foot-pounds. The duty of an ordi- 
pumping engine to-day is about 30 millions, 
While the ev the eines Minty of ~ best may possibly rise to 90 
millions. The great gain has arisen from the use of higher 
pressure of steam _ was practised by Watt. 

“The engine at Schuy was started December 22, 
1800, and that at yon Seen J 27, 1801. The 
contract for them both was made March 21, 1799, the cost 
to be 30,000 dols. The contractor claimed that they cost 
him 77 192 dols.”’ 
me Latrobe now furnishes a description of the wooden 

ers: 

** Wooden boilers _ been applied in America to the 
purpose of distilling for many years. Mr. Anderson, whose 
improvements in that art are well known, appears to have 
first introduced them in America. But it was found that 
the mash had a very injurious effect upon the solidity of the 
wood: for while the outside retained the appearance of 
soundness, and the inside that of a burnt, but hard sur- 
face, the body of the plank was entirely decayed. It 
was hoperss still to be tried whether simple water and 
steam would have the same effect; and upon the hint 
of Chancellor Livingston, our resent ambasgador in 
France, Messrs. Roosevelt, S man, and a 
contrived the wooden boiler, which has been used for 
all the engines in New York and Philadelphia ; - 
not without its great, though only eng or A advan 
The construction of the wooden boiler will best un = 
stood by reference to the plan and section of the new boiler 
of the engine in Nema ta re, Philadelphia, which is by 
far the best of those which have been made. It is in fact 
only a wooden chest containing the water, in which a fur- 
nace is contrived, of which the flues wind several times 
through the water before they discharge themselves into 
the chimney.”’ 


A plan and two sections—one longitudinal and one cross | bu 


section—of this boiler, as used from 1801 to 1815, are given 
in Figs. 4, 5, and 6 on the previous . It will be seen that 

it had a flat fire chamber back of the firebox, the sides of 
which are stayed by short tubular castings, forming water 
tubes, and from the back end of which an oval uptake smoke 
flue passed off—this oval smoke flue was carried by a bend 
and a return bend forward and back, below the water line. 
The grate was 3 ft. long x 5 ft. wide=15 square feet, while 
ee heating surface was nearly 360 square feet (estimating 

p and bottom of chamber). 

a This boiler differs from the others [sic. from those pre- 
viously built?) in the addition of the —. cylinders of 
the fire-bed, and in the elliptical form ues. The 
merits of this boiler are, that as the wood, in which the 
water is contained, is a very slow conductor of heat, a great 
saving of fuel is thereby effected ; especially as an oppor- 
tunity is afforded, by means of the cylindrical heaters and 
the length of the flue, to expose a very large surface of 
iron containing water to the action of the fire. An idea of 
this sa aby t may be formed, by the quantity of coal con- 
sumed by the engine in the Centre-square, which is a double 
steam engine, the diameter of whose cylinder is 32 in. The 
power of =~ ae is calculated to answer the future, as 
well as the present wants of the city ; it is 
therefore Lope [rreqularly at work, f , alternately, the 
elevated reservoir, and stoppin duriag he time which is 
oun by the discharge of the water into the city. It 

, however, be fairly rated te go at the rate of 12 strokes, 

ft, per minute, for 16 hours in 24, during which time 

ry consumes from 25 to 33 bushels of Vi coal of the 

best sort. Of the amount of the saving, I cannot venture 

to make an estimate, on account of the great variety of coal 

with which we are “Bhat much of which is of c ae 
indifferent quality. at there is a great me» by 

and while w boilers continue steam-tight for tha that 

reveals which —— the water gives notronbile), they are 


if not su » to eve “qr 3 The wood 
out a ak is above t water, is acted upon by 
the seen, | seams to tose ite solid in the course of time, 


and steam leaks arise in the joints, and wherever a bolt 
passes through. The me leaks may for a considerable 
time be easil , by screwing up the bolts that hold 
the planks ; but (it is not so easy to cure the 
bolt , for e bolt, when screwed up, bends the top or 
the sides fonnbiin, and forces new leaks, either along the 
ae some tee bolt hole. I do _~ yet 
lieve rt been done, which could 
these detector A conical wooden boiler 


Roni noaill oth Ue eclinteh te eau them: such a one 
has been ss meg hye hager # Evans to his small steam 
engine. During two 


years which have elapsed since the 


and | been do 
‘ Sot as it is in its furnaces and 
a 





have been erected, much has 


boilers of the public 
Whether the last boiler will 


me to improve them. 


es, is still to be ascertained by experience. At present 
nothing can work better. 

“*T will only mention one other circumstance, the know- 
rape of which -— prevent similar mischief. In the first 
boiler erected in Philadelphia, oak timber was used to sup- 
port the sides, bottom, and top of the boilers, the plank of 
which was white pine, 4in. thick. In less @ year it 
was discovered that the substance of the pine , to 
the depth of an inch, was entirely destroyed by the acid of 
the oak. Means were then used to prevent its further 
action, by the intervention of putty and pasteboard ; and in 
most cases by substituting pine timbers in the room of those 


of oak.”’ 
As might be + difficulty was experienced 
keeping] these ilers s -tight ; accordingly, on De- 


prt = 1, 1801, a boiler with cast-iron shell, as well as 
flues, was put up, and another one, also of cast iron, but 
of different form was put in use March 10, 1803. 

The first (see Figs. 7 to 9) was erected at Centre-square. 
It had a semicircular top, the ends being flat; the fire 
passed under the boiler around heaters of peculiar con- 
struction and through one fiue of serpentine plan to the 
front of the boiler. This boiler had two sheets of wrought 
—_ a the bottom, just over the fire, all the rest being 


“The anal of these, which was erected at the works on 
a Schuylkill, is described by Mr. Latrobe in the following 


** Within the last few months, a cast-iron boiler has been 
put up, ~ the lower engine, which hitherto exceeds the ex- 
pectation I had formed of the facility with which steam is 
raised and supported by it. The engine is a double steam 
oom, of 40-in. cylinder, and 6ft. stroke. The boiler has 

ht sides, and semi-circular ends ; it is 17 ft. lo 

oat ft. wide at the bottom ; and 19 ft. long, and 10 t. 
wide at the height of 5 ft. 7 i in. At this height, it is covered 
by a vault, which, inits transverse section, is semicircular, 
and in its longitudinal section exhibits half of its plan. 
The bottom is concave every way, rising 1 ft. in the centre. 
The fire place is 6ft. long, and at an tote = 4 4 ft. wide ; 

and is under one extreme end of the The fire-bed 


is arched, el with the bottom, leaving j apace of 1 ft. 
high, for the pasi of the flame. At the opposite to 
the fireplace, the flame descends along the bottom of the 


boiler, and passing under an arch of firebricks, which pro- 
tects the flanch of the bottom, strikes the side of the boiler 
at its extreme end. Here it enters a flat elliptical flue, 
which, passing into the boiler, follows its form, returning 
‘and coming out near the place at which it entered. 
The e entering part of the flue is separated from the return- 
ing flue by a partition of firebricks. The flue, on coming 
out of the boiler, turns short round, and is round the 
whole boiler until it enters the chimney ; ;”? as will be more 
clearly shown referring to the — page, where 
Figs. 10, 11, and 12 give the plan and two sections. 
‘ The whole boiler is tied together in a numerous 
braces, which are forked and bolted together upon the 
flanches, and are indispensable to prevent the boiler from 


rsting. 
** The boiler is composed of 70 plates of iron, cast with 
flanches, and bolted together, so that the flanch and bolts 
are within the water of the boiler wherever the flame 
Tl it ; otherwise they would be burned off in a few 
s. The pieces are so contrived as to be of only twelve 
Giderent tterns. This boiler consumed 50 bushels of 
coal, and half a cord of wood, while rolling iron 12 hours, 
at 20 strokes per ‘minute, and pumping water 6 hours, at 
12 strokes per minute. 

“*T will only further observe, that this boiler requires a 
very active fireman ; and it is ~» ©. opinion, that if it were 
8 ft. longer, a more moderate fire would raise the same 
steam and consume less fuel. The permanence of this 
boiler renders it very superior to the wooden one ; and the 
difference of the consumption of fuel in each, in proportion 
to the size of the engine, is not t.”” 

According to Mr. Graff, e boilers heretofore de- 
scribed remained in use at Chestnut-street, Schuylkill, and 
at Centre-square, until the steam pumpi works were 
started in Fairmount in 1815, at which time both the Chest- 
nut-street and the Centre-square pumping stations were 
discontinued. 

“* In October, 1807, a new wooden flywheel shaft was put 
into the Schuylkill engine, and also that, at Centre-square ; 
the latter engine at the same time a@ new wooden lever 
beam made, the old ones being found rotten. This latter 

engine had a flywheel of 20 ft. in diameter substituted for 
the wheel of 16 ft. in diameter, first used. Neither of the 
pumps were 0 provided with air chambers ; such an 
—e was put to the Centre-square engine, June, 


Mr. Latrobe says that the want of a valve on the main, 
or of an air v » “has these disadvantages—as long as 
the engine makes only 11 or 12 strokes per minute, no in- 
convenience whatever is perceived in working the pumps. 
But in the engine in Centre-square, which raises the water 
(in an 18 in. pipe) 51 ft., the’ attempt to 7m faster than 
12 strokes per minute is in vain. . . . giving the engine 
shocks which seem to endanger every Fof it, it.” 


Mr. Graff reports, ‘‘ The expense Sot keeping the engines 
running in 1809 is reported : 
dols. 
6,254.36 for the Schuylkill engine 
_7 seas "552.87 for the Centre-square engine. 
"73,807.23 | together. 
* The e and dae ut in at Fairmount, —— 
was started fo sup iy th e city ae 7, 1815, 
to those at Schuylkill and tre-sq 
— except soopt ‘that the lever tenn and flywheel arms call 











Boulton ona es Watt ot a that | bie id ith ~ FF 
8 period, with pop ves 
worked gear and tappets. 

“The os ae this engine were : steam cylinder 
43% in. in diameter, and 6 ft. stroke; lever beam, cast in 
two leaves, was 33 ft. 9 in. tween centres; the 

jp was double-acting, 20 in. in di ameter and 6 ft. stroke ; 
he water was raised 102 ft. above low tide; the boiler, as 
we The cask enh dp made by Samuel 

. barde, at Weyusas or Pais om le mue 

at furnace, and a foundry then 

rere within ofan ot a mile of Fairmount. The price 

= was, for the a castings, 160 dols. ee 5 for 

er beam, 120 dols; for flywheel and shaft, dols. ; 

and for the cast-iron boiler plates, 90 dols. per - hey ; the 
weight of the latter was 16 tons 12 ewt. and 39 Ib. 

** The founder reported that the castings of the cylinder 
(which had to be cast with the nozzles for the side pipes 
held, ie, 95 took all the metal that the ‘Eagle Works’ would 


“This engine, with steam at 24 lb. above the atmosphere, 
raised 2,116,382 United States gallons, with the consump- 
tion of seven co wood ;.the run was for 24 hours, 
but after the first eight hours it was found difficult to keep 
the steam up to 2} lb. pressure, and the engine finally 
sto for want of steam; the chimney flue was after- 

s enlarged, and then steam was carried up to 4Ib. to 
the square inch ; the engine cost 54,341 dols. 

“The boiler at Fairmount was of cast iron, and of - 
same plan and internal arrangement as shown in Figs 
5, and 6, for the wooden boiler of original use at the Cantze. 

square. Exte the shell had a semi-cylindrical top, 
the whole exterior being of cast iron. This boiler continued 
in use from the day of commencing to P aa: p by steam at 
this station (September 7, 1815, to January 14, 1822), 
when steam power was discontinued and water power was 
substituted. 
ek Ct mene station Ce Ee Evans erected the 

large pressure engine made by him 

“Tt had a steam cylinder 20 in. in diameter, and 5 ft. 
stroke, with a rotating steam valve, worked by ‘bevel gear 

wheels, driven from the main shaft; it had a double-acting 
aa 20 in. in diameter and 5 ft. stroke ; the beam was 
made of wood, and was suspended at one end upon vibratin 
standards, the piston rod being attached to the other en 
of the beam. The boilers were wrought iron, 27 ft. long, 
27 in. in diameter, and 4 in number, upon which steam was 
at times raised to 220 Ib. to the square inch. 

**A trial or test of this engine of Oliver Evans, for the 
purpose of ascertaining if it would work in conformity with 
requirements of contract, was made on the 15th of May, 
1817. Report states that ‘the result was not altogether satis- 
asap The actual performance, however, was that it 

4 hours ; filled the reservoir 9 ft. 5in. deep, being 
equal to 3,666, 621 United States gallons, maintained steam 
from 194 Ib. to 200 1b. to the square inch, and burned 
13 cords of oak wood, running at a speed of 22 revolutions 
per minute. 

“‘The Oliver Evans boilers, with their high pressure, 

yo nee beng not give acceptable final results. They burst 
twice— June 20, 1818, when three men were killed by 
the explosion ; and again, October 12, 1821, this time with- 
outloss of life. 

“The use of both these Fairmount engines was dis- 
continued when water power was substituted. They 


remained standing in the building in existence at Fair- 
mount) until May 10, 1832, when t were sold, and soon 
after broken up and removed 


* The distributing pipes at first used in Philadelphia, and 
which continued in use generally until 1819, were made of 
bored spruce pine logs, faucet and spigot ends, with the 
faucet end wrought-iron banded, although it is probable 
that cast-iron pipe “= used to some extent before the date 
given, for on , page 384" is shown the standard 
sizes adopted at fide’ time, as established by Frederick 
Graff, Sen., then chief engineer of the water works, while 
on Fig. 15, ‘page 385, is shown the old stops used with the 
wooden logs, which it; will be seen is in general arrangement 
much like the ‘ globe valves’ of the present day. 
‘* And also the fire-plugs and ks designed by Mr. 
Graff in 1803 and 1822; no whey, | or stop has been 
pote since (to my knowled ape Oe oes not contain the 
iple, —— almost mechanical form, of these 
a my hybrwelis ¢ 


Tt 

“The first of ie in large water mains was cast at the 
charcoal blast furnaces of Mr. Samuel Richards ; one of 
Se vany catlioch of them is to be seen in the section of the 
American of Civil E rs at the Centennial 
Exhibition. [Attached to this pipe is the following 
inscription: ‘One of the first cast-iron water mains made 
in praenid cast i Samuel Richards, laid at Broad 
and en” hiladelphia, Ray 1820. In constant 
use, me ped Be le acco’ we Bn ag ry and 
system of a btoked by wo retertek Graff, Sen., 
ry 4 26th, th, 1819. The price paid for these — was 
Ty dols. per lineal foot, about 5 cents per pound ; weight, 
each 9 ft. given length, about 1400 Ib.’} It exhibits te the 
state of the Sounder’ 8 art at the time when it was cast, and 





also shows how durable such pipes are, when con the 
water of the Schuylkill, or resis corrosion from 
the action of the soil of Philadelphia.” 

* In the American editions of ‘‘ Nicholson’s tive 
ary mom will be en of a ~ Ad 
iron in the body weights per yard pipes, le r 
the scale shown in Fig. 19; the scale i here 
published for the first time. 

mi - 384 and 385, Fig. 13 shows the London fire- 

of 1803, and Fig ig: 14 the fire-plug and hydrant designed 
Bris Grak wed in Philadelphia in 1803. Fig. 16 
and 17 bo the s y Mr. Graff, and used 
in Philadelphia , while Fig. 18 is an improved fire- 
plug introdaced Mr. Graff in 1807. 
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THE BOARD OF TRADE. 

Durine the early days of the Plimsoll agitation, 
when public opinion was strongly moved in favour 
of affording greater protection to the lives of our 
merchant seaman, it became evident that important 
steps would have to be taken to prevent overladen 
and otherwise unseaworthy ships being sent to sea. 
And to effect this object an extensive staff of 
surveyors distributed round our coasts would ob- 
viously become necessary. At that time we pointed 
out that the Board of Trade did not possess a staff of 
pecteanienal officers at all adequate or specially fitted 

or the performance of those duties, and we drew at- 

tention to the evils which would necessarily arise if 
such a staff had to be suddenly called into existence, 
owing to the fact that although the required num- 
bers could easily be called together, the requisite 
qualifications could by no means be so aally ob- 
tained ; and in the absence of efficient organisation a 
heterogeneous lot of men hastily invested with ill- 
defined powers over the private property of other 
people would almost inevitably produce confusion, 
give the rein to capricious meddling, create hard- 
ships and heartburnings, and lead to evils perhaps 
more serious than those already existing. 

We pointed out thatso far as surveying ships was 
concerned the Board was practically helpless because 
they had weeded out, or allowed to be weeded out, 
all or very nearly all of the shipwright surveyors 
they to have in their employ, and had been 
carried away by a theory that a few engineers trans- 
formed into jacks-of-all-trades could attend to all 


the little matters which the Board had determined 
should come within the scope of their jurisdiction. 
The engines and boilers of passenger steamers had to 
be examined. There was in existence an Act of 
Parliament containing definite provisions on that 
point. Engineers were, therefore, a necessity, 
although, like all other professional men, they a 
peared to be regarded more or less as a nuisance by 
their employers at the Board, or those who shape the 
official utterances of that mystic body. . Whether 
they were so actually re, by this mysterious 
assembly, over which Sir Charles Adderley is 
supposed to preside, we are of course not in a position 
to state. But granted this hypothesis—and there 
have been many indications to support it—it would 
be quite possible to understand the process of reason- 
ing which led the professional staff of the Board to 
gravitate towards an engineering staff pure and 
simple and by no means extensive, 

In the first place, two nuisances are greater than 
one. In the next, two nuisances of different kinds 
are often more intolerable than two of the same 
kind. Engineers we are bound to have, and boilers 
we are bound to survey, and as an engineer cannot 
well get at the boilers of a ship without seeing the 
ship, throw the ship in with the boilers and let him 
do the lot. What does it matter about the con- 
struction of the ship; she can look after herself so 
long as her boilers do not burst and the rays from 
her bow lights do not intersect this side of infinity ? 
Again, mark the further deduction, which follows 
so very naturally. Sailing ships carry no boilers! 
Therefore they need no rete, 3 And here we have 
the policy, or what used to be the policy, of the 
Board ina nutshell, Little exceptions there are, 
of course, to this as to all great principles. Ships 
all maf lights and they all carry boats, or ought 
to, and they all require signals, and a few other 
trifles which need not be enumerated, and these 
must be looked into and regulated, but anybody 
can do it; and that these have been looked into 
and regulated with a vengeance, from many dif- 
ferent points of view in many different ports, 
every shipowner knows to his cost. 

We have here endeavoured to sketch briefly an 
outline of the position occupied by the Board of 
Trade in relation to the safety of the mercantile 
marine anterior to the Plimsoll ‘ revival,” as it ap- 
peared to the outside world. The ‘ Board” itself, 
could it speak, nie perhaps puta slightly different 
construction on the matter, but the shipownin, 
world and the public have a right to their point o 
view also, and we think it will scarcely differ much 
from our own. However, our object at present is 
rather to glance over the events of a later period. 

When we first pointed out the weakness of the 
professional staff of the Board of Trade for the pur- 
pose of ship surveying it was for a time attempted 
to dispute the matter, but it soon became evident 
to the authorities that it was only too true, and 
some steps were taken to repair the defect, and 
later on vast changes were made in the organisation 
of the Marine Department. The changes, fortunately 
for the country, did not take place suddenly, as was 
at one time hema n mat but owing to the Royal 
Commission, official inertia, Parliamentary manipula- 
tion, and other equally effective a gone a couple 
of years breathing time was gained, and this was toa 
certain extent utili Surveyors were appointed, 
especially shipwright surveyors, and some of the 
early selections were remarkable. Few will deny 
that if you take a man fresh from the coppering 
hammer and place him in the important and respon- 
sible position of a Government surveyor with abso- 
lute powers for good or evil over a vast amount of 
property, yourun a great risk of spoiling a good 
shipwright, and making an incompetent surveyor. 
This risk was, we believe, freely run and amply 
realised. But worse than this, men who had never 
been shipwrights in their lives found no difficulty 
in becoming shipwright surveyors. The usual re- 
sults, of course, followed. Many of these men were 
illiterate, and a still greater number were incompe- 
tent; and itis not at all straining matters to say 
that the most ludicrous blunders were committed 
in almost every port, It may, perhaps, have been 
unkind of shipowners to retail with unction about 
the dock-sides and in the law courts the little 
episodes that occurred; but they were much worried 
and harassed, and about that period it was perhaps 
the only crumb of comfort they could regale them- 
selves with, 

‘In time the error of the Board was discovered, and 





then a few good men were appointed with a view to 


theirassuming the lead, and getting their predecessors 








into form, and an attempt was made to produce order 
out of chaos. This produced an advantage in more 
ways than one, It gave the Board an opportunity 
of studying the difference between a surveyor made 
by a stroke of the pen, and one made by years of 
careful training and experience; and it enabled the 
Government with some degree of confidence to detain 
many of the old rotten ships which were being run 
to death, and insist upon their efficient repair. 
_ When the short temporary Act of 1875 passed 
into law after the Plimsoll scene in the House of 
Commons, extended powers were conferred upon 
the B of Trade, and it became necessary to 
enlarge the staff, and to appoint new officers under 
the Act, and it was determined to effect another 
reorganisation, A record of the steps taken to bring 
this about is contained in a Pee ay return 
now before us, headed ‘‘ Merchant Shipping Act, 1875 
(Inspectors),” on which we p offering a few 
remarks. And first let us say that this paper clears 
P much that was obscure in the working of the 

arine Department of the Board of Trade before its 
publication, It exposes the sources from which de- 
partmental circulars and regulations spring, and the 
authorities which guide the decisions of the Board 
in carrying out the intentions of the Legislature. 
This helps to fix responsibility, and facilitates the 
settlement of any matters which may be in dispute. 
mreney knows that Mr, Farrer is Secretary to 
the Board of Trade, and that Mr. Thomas Gray is 
Assistant-Secretary, Marine Department. It is not 
so well known that Captain Digby Murray is *‘ Chief 
Professional Adviser” to the Marin e Department, 
or that Captain Wilson is ‘ Assistant Professional 
Adviser” of the Board, In what sense these gentle- 
men are ‘ professional” advisers we are still un- 
aware. However, thatis a small matter, 

It appears that it being the intention of the 
Government that immediate steps should be taken 
for the appointment of officers under the Act of 
1875, Captain Murray was directed to visit the 
principal ports, accompanied by his assistant, the 
chief engineer surveyor and the two principal ship 
surveyors. Captain Murray had to report upon the 
officers at the principal ports, and upon the changes 
it would be necessary to make. This report was 
made in due course, and has been printed in the 
official return before mentioned, together with 
other reports upon the working of the surveying 
staff in the port of London, various instructions 
to the surveyors, and the correspondence which 
pieces took place —— the bpp of Trade 
and the Treasury in reference to the proposed re- 
organisation, and the expenditure that would be in- 
volved therein. 

Before discussing the recommendations for the 
future made therein, it will be well to glance briefly 
over the account given by Captain Murray and 
his assistants as to the state of efficiency in which 
ew found their department. These gentlemen 
will scarcely be accused of a desire to paint matters 
in an unfavourable light. After enumerating the 
duties of the chief surveyor, Captain Murray says: 
“ {need not say that it is imposible for any one 
man, no matter however great his ability, or how- 
ever great his he tte for work, to perform all 
these duties satisfactorily.” Speaking of the principal 
surveyors of districts, the same authority reports: 
“TI need not add that the actual supervision he 
has over his district is almost ni/, and he informs 
me that surveyors have been ordered away from his 
district, and been absent for a considerable time 
without his ever being aware of it.” Speaking 
of the recorders of draught of water, who were often 
called upon to act as experts after ships had been 
detained for overloading, and to determine to 
what extent they should be tened, he says 
that in spite of jealous watching by the Board the 
result ‘‘ has not always been satisfactory, especially 
as the officers employed had no common standard of 
reference to guide them.” ‘ 

Captain Murray states that the duty of surveying 
ships under the Act of 1873 with reference to the 
defective condition of their hulls, ‘has been per- 
formed from time to time by engineers, by seamen 
of different grades, and by shipwrights proper.” 
Contain Murray sums up the matter with commend- 
able frankness in the following words : ‘‘ Unfortu- 
natel aya od _ and the shipowners 
complain that they have been put to great expense 
through the want-of practical Siiswledes of some of 
the Board’s surveyors. I to state that there 
is some foundation for these complaints, but it is 
only fair to the officers concerned that I should add 
that the want of practical knowledge complained of 
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ought properly to be charged to the system in 
force rather than to the officials themselves, 
The Board of Trade was compelled to utilise 
the persons at its disposal to enable it to carry out 
the novel duties imposed upon it by the Act of 1873. 
The only officers at its disposal for the purpose were, 
in many cases, imperfectly acquainted with the 
practical work of a shipwright’s calling. As a 
natural consequence they performed their duties 
clumsily and imperfectly; a workman with little 
previous training was suddenly called upon to per- 
form work requiring the very highest skill ; undersuch 
circumstances it would have been hopeless to expect 
that mistakes should not have occurred ; it is credit- 
able to the officers employed that the mistakes have 
not been greater.” 

On the question of uniformity of practice in the 
several ports to the want of which we have on other 
occasions drawn attention, itis admitted that nothing 
brings the Board of Trade surveys into such disrepute 
as want of uniformity, The following is given as some 
of the complaints of the shipowners under this head. 
“If our ships are passed for passenger certificates 
in a Clyde port, for instance, the next time the certi- 
ficate is renewed they require a number of extras 
because the ship is then in some other port; and 
with regard to our side lights, we find that every 
port our ships go to the surveyors have a different 
opinion as to their position, which occasions deten- 
tion and annoyance to ourselves.” Other extracts 
could be given from Captain Murray's report equally 
suggestive of the state of disorganisation which he 
found prevailing ; and in the report made by the 
officers directed to report on the working of the 
surveying staff in the London district even stronger 
evidences of helpless inefficiency become visible. 
But space forbids our continuing our quotations. 
We purpose on an early occasion offering a few 
observations on the steps that have been taken and 
are about to be taken to endeavour to effect some 
improvement in this model Department of State. 





THE 100-TON GUN. 

THE results that have recently been obtained at 
Spezzia with the gun manufactured at the Elswick 
Foundry for the Italian Government, and weighing 
over 100 tons, are remarkable and highly satisfac- 
tory ; they indicate even more conclusively than the 
81-ton gun has done, that the means of offence in- 
crease more rapidly than those of defence, and that 
the limit to heavy ordnance, which it was supposed 
commonly a short time since had been touched by 
the 8]-ton gun, has not been even yet arrived at. 

The 100-ton gun now in course of trial, forms, 
as is well known, one-eighth of the armament of the 
two great Italian ironclads the Duilio and the 
Dandolo, which are to be, when finished, the most 
powerful vessels yet afloat. The gun is built 
upon the well-known system of Sir William Arm- 
strong, out of which the present Woolwich 
system was developed. The following are its 
leading particulars and dimensions: Total length 
over all, 32 ft. 10} in.; greatest diameter over 
chamber, 77 in. ; diameter at muzzle, 29 in. ; diameter 
at end of trunnion coil, 45 in.; diameter of bore, 17 in.; 
length of bore, 30 ft. 6in.; number of grooves, 27 ; 
twist at chamber, 1 in 150 calibres, increasing 
thence to a point near the muzzle to 1 in 50, after 
which it is uniform ; preponderance, 4 tons; weight 
of projectile, 2000 Ib.; powder charge from 300 Ib. 
upwards, The gun is built with a steel A tube made 
in two lengths, and of varying thicknesses increased 
in steps from the muzzle to the chamber. Around 
the chamber three coils are placed over the A tube, 
as far as the trunnion coil, where they are reduced 
to two, and finally to one for rather more than half 
the total length of the gun. 

The carriage upon which this monstrous piece of 
artillery is mounted consists of two blocks on which 
the trunnions rest, and which are free to slide in 
guides on the floor of the turret ; bebind these blocks 
are placed the hydraulic brake cylinders, so as to 
take up the force of the recoil in the simplest and 
most direct manner. The gun is loaded and worked 
entirely by hydraulic power. 

The gun mounted on its carriage was placed, for 
experimental purposes, on a pontoon, and on the 
20th of October was towed out into its firing posi- 
tion in the bay. After some delay arising partly 
from the bad weather, and partly from the fact 
that the first cartridge inserted was too small 
and so missed, the first round was fired. ‘The — 
in this case was comparatively Mg | low, only 
200 Ib., and no velocities were taken, but the result 





was highly satisfactory as regards the pressure in the 
chamber, which was only 8.7 tons per inch, and the 
recoil, which amounted to 20 in. e next morning 
the work of experimental firing was seriously com- 
menced with service charges, and three rounds were 
recorded, but the velocities could not be obtained 
on account of the screens being out of order, The 
following Monday, the 23rd of October, the trials 
were resumed, and this time with everything in 
ood order four rounds more were fired, and two 
ys later three additional rounds. The chief results 
obtained from the series are tabulated below, com- 
piled from the report of the 7imes correspondent. 


Summary of Performances of the 100-Ton Gun. 
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Selection from Performances of the 81-Ton Gun. 
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The above comparison of the performances of the 
two heaviest pieces of ordnance yet produced is 
extremely interesting. The powder burned in each 
was approximately the same, consisting of grains ] } in. 
cube, and the charge for the 8]-ton was in one 
round 320 1b., or within 20 Ib. of the maximum 
charge fired from the 100-ton gun, when the steel 
target was destroyed. It will be noticed that, with 
the exception of the last round, the initial velocities 
of the 1700 Ib. shot were better than those obtained 
with the 2000Ib. projectile, but the total energies 
were, of course, inferior on account of the smaller 
weight of projectile. On the other hand, the pres- 
sures in the chamber of the 100-ton gun are 
marvellously low—if they are correctly stated— 
being about 5 tons per square inch less than those in 
the 81]-ton , for charges up to 3001b. Doubtless 
the principal cause of this is to be found in the dif- 
ference of the rifling and of the powder chambers. 

In contracting with the Italian Government Sir 
William Armstrong and Co. undertook to supply a 
gun that should throw a 2000 Ib. shot, with a 
muzzle velocity of 1350 ft., a duty which, as the 
foregoing results show, they have largely exceeded, 
whilst from the behaviour of the gun there need be 
little apprehension as to fulfilment of the remainder 
of the contract, namely, that 50 rounds of service 
charges are to be fired, and that five of them are to 
be with projectiles weighing 2500 Ib. 

Besides the experiments above summarised, a 
number of rounds were fired from guns of heavy 
calibre against targets, portions of which are designed 
to withstand the attack of the 100-ton gun. These 
targets, four in number, are mounted on framing 
which represents the form of the two vessels on 
which the 100-ton guns are to be placed. The first 
of these targets is built of two steel plates, and was 
furnished from Creusét. They are 12 ft. long, 
4 ft. 8 in. wide, and each 22 in. thick, backed by 
two thicknesses of timber, one laid vertically and 
the other horizontally, and makingfa backing 28.8 in. 
thick in all. Behind the timbers are two iron plates 
together 1} in. thick, backed by frames correspond- 
ing to those of the ship, The two plates are placed 


one above the other, 80 that the whole depth of the 
target is 9 ft. 4 in. 

he second target is of similar dimensions to the 
first, and the framework, plating, and backing are 
identical. The plates, however, are of iron, and 
they are secured in place by bolts passing through 
the whole structure. The upper plate of the target 
is of Cammell’s make, and the lower one was 
furnished by Marrel, a French maker. The third 
target also-corresponds in size, arrangement of back- 
ing, &c. But the upper half is made up with two 
plates, one 12 in. and the other 10 in. thick, while 
the lower half has an 8 in. plate outside, and a 14 in. 
chilled cast-iron plate interposed between the 
former and the backing. The upper part of the 
fourth target is like the corresponding portion of 
the third, excepting that Marrel’s instead of Cam- 
mell’s plates are used, and the lower half resembles 
that of the one previously described, excepting that 
one tier of the wood backing is interposed between 
ne outside 8 in, plate and the 14 in. cast-iron chilled 

ab. 

These targets were all placed at about 100 yards 
range from the 11 in. and 10 in. guns which were at 
first to be directed against them. It was intended 
to test the strength of the shields with one round 
from the 10-in. gun, at the short range, and after- 
wards to fire one round at the same time from all 
these guns together. After this the 100-ton gun 
was to be brought to bear against the lower part of 
the target, which should be left untouched by the 
fire from the smaller of the guns. 

Theshotfrom the 10-in. gun against the steel target 
of Messrs. Schneider penetrated to a depth of about 
10 in., and was then shattered into fragments, 
Curiously enough, however, a short time afterwards 
the plate began to crack from the part which had 
been crushed by the shot, vertically and diagonally 
towards the edges. This phenomenon was un- 
doubtedly due to the sudden heating of the plate by 
the impact of the shot, and its too abrupt cooling 
setting up a temper in the steel, which thus showed 
itself unfitted for the > of a shield, and this 
was more strikingly shown when both the 11-in. 
and 10-in. guns were fired together at the same 
target. On the other hand the Cammell and the 
Marrel plates struck by the 10-in. gun, while show- 
ing a somewhat deeper penetration and some cracks, 
were not afterwards affected. 

It was intended on the following day to commence 
firing the 100-ton gun against the lower portion of 
the various targets, and the results of these experi- 
ments will be of high interest. Meanwhile three other 
rounds from the gigantic weapon were fired, the last 
one with the enormous charge of 336 lb. of powder. 
This explosion only produced a pressure of 19.4 tons 
against the bottom of the chamber, a pressure re- 
markably low when compared with the strain thrown 
upon the far less reliable Krupp guns, and even upon 
those made at Woolwich. 

The experiments were resumed on the morning 
of the 26th by two rounds, one from the 10 in. and 
one from the 1] in. guns, against the target formed 
by the Cammell plate. Both these shots produced 
a very formidable effect ; the 10 in. projectile struck 
near the edge of a plate upon a bolt, which was 
driven in, and a penetration of 18 in. was effected ; 
a portion of the Bye was broken away and the 
framing at the back was much shaken. The 1] in. 
shot struck near the same place, and penetrating 
to a depth of 13 in. leaving its head in the opening 
ithad made. Very similar results were obtained by 
a single round from the 10 in. and 1] in. guns to- 
gether against the French plate, but the fracture 
indicated that the metal was not of so suitable a 
quality as the Cammell plate, and to a slight degree 
the same phenomenon was noticed as that observed 
in the steel plate some time after it had been 
struck, namely, a low clear sound produced by the 
disintegration of er under the influence 
of the tempering produced by the heat resulting 
from the impact. 

The experiment, however, upon which all the 
principal interest a was per bE firing the 
100-ton gun against the targets, an is was com- 
menced as soon as preparation could be made after 
the rounds just recorded. The first round was fired 
into a sandbank between the targets faced with 
gabions, and 27 ft. high by 52 ft. thick. The charge 
was 320 Ib., and the minimum shot buried itself in the 
sand, without however appearing on the other side ; 
the depth of penetration and the direction taken by 
the shot were not ascertained at the close of the 
day’s work. 





Then with the largest chatge as yet employed— 
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340 Ib,—the 2000 Ib. shot was delivered against the 
lower of the two Schneider plates, which had not 
been touched by the 10-in. and 1l-in. guns, The 
effect was utter destruction to the great steel slab 
12 ft. long and 22in. thick; it was broken into 
pieces, and left as a mass of fragments at the foot 
of the target, excepting some parts left hanging to 
the target by bolts, and what was projected through 
the air in all directions. But the ing was not 
perforated, and though the shock was not sufficient 
to break up the inner skin, the framing was dan- 
gerously bulged and torn, while the fragments of steel 
left upon the target continued to crack. The ex- 
periments yet to come—those against the iron 
targets—will be yet more interesting, and to them 
we shall refer on another occasion. 

This great gun of the Italian Governmentmust thus 
be regarded as by far the greatest triumph in hea 
ordnance yet achieved, and there is little doubt 
from its behaviour so far that it will pass through 
its severe and costly testing with perfect safety. 

Those who may be disposed to regret that a nation 
other than ourselves should for the present have dis- 
tanced us in heavy artillery, may be consoled by 
the reflection that such a weapon could only have 
been produced in this country, and that if the 
necessity arise we alone possess the means—for the 
present at least—of eecnen Ses large calibres, 
The monster cannon sent by pp to the Phila- 
delphia Exhibition is but a pigmy compared with it, 
pa however hard pressed it may be in firing, it could 
not be compared with the Armstrong 100-ton gun. 
Moreover, there is but little doubt that the material 
and form of construction adopted by Krupp is not 
reliable for hard service. 


CLAPHAM JUNCTION. 

Tue Clapham Junction of to-day bears but slight 
resemblance to the Clapham Junction of some ten 
years since. No less than thirteen lines of rails now 
converge upon this point, and trains to the number 
of 942 pass through it daily, and during portions of 
the day as many as 75inan hour. Strictly speaking 
there is very little of a junction about it, for each 
line has its own independent track, from which there 
are, however, the usual siding extensions common 
to%all busy stations, The London and South- 
Western has here its carriage sheds and ‘ park,” 
where all trains are made up ready for despatch from 
Waterloo or elsewhere. o the rapid extension of 
this —— traffic, and to the inconvenience at- 
tending the old coaching yard, is Clapham Junction 
indebted for its present improved condition. 
Hitherto the carriage shed with numerous sidings 
stood between the Kensington and Windsor lines, 
and the “ park,” or yard, between the latter and the 
main line. Consequently, the making up of trains in- 
volved much crossing to and fro on the Windsor line, 
Not only was this attended with inconvenience, but 
there was also attached to it risk, and frequent 
delay to trains, both up and down. The Kensington 
and Windsor lines have now been carried back some 
distance to the westward, and the old Windsor, line 
thrown into the carriage yard, which now covers a 
considerable extent of ground, and is capable of 
carrying on all its operations without encroaching 
upon either of the running lines. A new station— 
a picturesque building—with good office and plat- 
form accommodation for each line, has been pro- 
vided, and the carriage approach widened. ‘The 
station will now compare with any other of its 
class in the kingdom, and must be a source of satis- 
faction to the directors, and to the resident engineer, 
Mr. William Jacomb, by whom the transformation 
has been effected. 

The signalling duties of the South-Western lines 
are performed from two boxes, one, a large one, at 
the east or London end; the other, a smaller one, 
at the west or Windsor end of the station. Each is 
provided with Messrs. Stevens and Sons’ patent 
locking frames, that in the east box numbering 55, 
and that in the west box 22 levers: The whole of 
the up Windsor line traffic as well as a great deal 
of shunting into the Ludgate and Kensington line 
and the carriage yard, is worked from the west box, 
each set of points interlocking with the necessary 
signals, The signals for up Windsor line trains 
which are worked from this box are controlled by 
slotting arrangements from the east box, so that 
they can only be lowered to clear by the concurrent 
action of both boxes. 

The east, or larger box, is a brick building of two 
stories, some 35 ft. in length, with the floor of its 
signal room standing 21 ft. above the level of the 
metals, Its first floor is fitted as a storeroom for 
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the telegraph branch, and its basement is devoted to 
a lamp room and other n purposes for the 
officiating staff. Thelocking gear takes effect below 
the flooring of the — room, and a convenient 
stage is erected in the room below, by means.of 
which the locking may readily receive attention : 
35 sets of points, and 30 signals, are worked and 
controlled from this box, the most distant points 
—- worked singly, and those near, two sets by 
one lever, viz., the — at each end of a crossing. 
The three sets of facing points are each provided 
with one of Messrs. Saxby and Farmer's patent 
ee locks. Some 13,460ft. of 1gin. point 
rods have been brought into requisition for connect- 
ing the points, &c., with the two boxes, 

Four distinct traffics are worked or controlled from 
thechief box, viz., the mainline up and downto South- 
eymouth, &c.; the 
Windsorand Reading and loop line, up and down ; the 
Ludgate-hillandthe Kensingtonlines, all independent 
of the shunting operations, a great deal of which is 
also within its control. The duties are provided for 
by two signalmen during the day and one at night, 
that is two relays of two men, and one of one man, 
each taking his eiglt hours right off. The whole of 
the signals are newly erected, and where they stand 
in groups are arranged on the bracket principle in 
the order of the position of the roads which they 
protect. The number of trains ordinarily dealt with 
from this box is 609 daily, exclusive of special 
traffic. 

A striking feature in this box is its electrical 
aeenenete. Every si has its electrical repeater, 
all arranged at the back of the frame, each one be- 
hind its own lever. These in all number 30, and it is 
probably the only signal-box in the world so 
thoroughly equipped in this respect. As may be 
imagined, with a box thus provided with all the re- 
cognised improvements of the day, the block signal 
instruments form a centre of some interest. ‘These 
are of the South-Western type, the invention of Mr. 
W.H. Preece, the company’s: consulting telegraph 
engineer, the characteristic of which is their 
assimilation in form and mode of working to the 
outdoor signals. Placed on a frame immediately 
over the signal levers are the bell keys and electrical 
switches by which the instruments at the adjoinin 
boxes are worked. ‘These are all within easy r 
of the signalmen, so that he may even, if so minded, 
work them with one hand, whilst with the other he 
handles the levers which operate his line signals and 
points. At either end of the frame are the block 
instruments—one for the up traffic, another for the 
down—in their natural —_— that for the up 
trains being on the up side, and that for the down 
trains on the down side of the frame. 

Each instrument—a miniature semaphore itself— 
is provided with three arms, all of which are worked 
from the adjoining boxes, and are completely beyond 
the control of the junction signalmen, In a line 
with the locking frame is the booking desk, with an 
boy seated at it, carefully noting and entering 
each signal as it is given or received, whilst facing 
him are the speaking instruments communicatin 
with the chief office at Waterloo, Nine Elms, an 
other points of importance to the junction. 

The subway, no longer the dark, damp, dismal 
hole of former days, is now a well-lighted, well- 
ventilated, well-paved, and commodious means of 
access from one line to another. For this the public 
are indebted to the London, Brighton, and South 
Coast, as well as to the London and South-Western 
Company, the alterations and improvements being 
carried out uniformly throughout. 

Other improvements, which must necessarily add 
to a large extent to the convenience and safety of 
the traflic between Clapham Junction and Vauxhall, 
are in progress. Between the latter point and the 
entrance to the Nine Elms yard preparations are 
being made for diverting the running roads some- 
what to the eastward, the effect of which will be, 
when completed, to throw some five acres additional 
space into the goods yard. Below this point, as far 
as Clapham Junction, provision is being made for 
two additional lines of rails, to which the entire 
goods traffic will be diverted at Clapham Junction 
as soon as they are complete. This will be a boon 
to both goods and passenger service, and its com- 
pletion will be heartily welcomed by passengers and 
employés alike. 

he cost of these works must be something con- 
siderable, but the company is undoubtedly pornning 
a wise policy in incurring them ; for it is by such 
means alone that a large and increasing traffic can 
be conducted with satisfaction and safety, 
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A Handbook of Electrical Testing. By H. R. Kempz, 
grneciode of the Bostety of Semereye ineers. [Pri 


ce 
THE subject of electrical testing has during the last 
twenty years made great strides not only as regards 
the diffusion of what had before been written, but 
had laid buried in scientific journals, and has now 
come to light, and been widely circulated and 
brought into daily practice, but also as regards 
numerous improvements in the theory, practice, and 
in the instruments employed in electrical work. 

In spite of this advance, the library of the English 
electrician does not, however, embrace many works 
devoted to this subject, and indeed as the advance 
in the testing of submarine cables has been princi- 
pally the result of work in England or on English 
expeditions, we do not suppose that any other country 
can be in advance of us in works on the modes 
practically adopted daily for important electrical 
tests, on the correctness of which so much property 
often depends. 

Mr. L. Clark was author of an elementary treatise 
on electrical measurement published in 1868. 
Messrs. L, Clark and Sabine compiled a work entitled 
‘¢ Electrical Tables and Formule,” a book in con- 
stant use, principally on account of the numerous 
Tables, published in 1871. Mr, Fleeming Jenkins’ 
work on “ Electricity and Magnetism,” which con- 
tains excellent chapters on electrical measurement, 
was published in 1873, and in the same year, Captain 
V. Hoskiwr, of the Royal Danish Engineers, brought 
out a very excellent little book, barring a few ex- 
poeniens that required a little editing from an 

nglish editor, which briefly gives the testing work 
as actually performed at our cable factories, and to 
some extent embraces the tests when paying out, 
finding faults, &c. Indeed, the publication of this 
little work by a foreigner is rather a reproach to 
some of our English electricians—some of them 
very able mathematicians—who are constantly occu- 
pied on this special subject, and have to a great 
extent a monopoly of it, and who could not only 
amplify much on the work, but give even more from 
their extended experience that is not to be found in 
any book. Mr. Kempe, who has had some ex- 

rience in submarine telegraph work under Sir S, 

anning, and is now on the engineering staff of the 
Post Office Telegraphs, has made a step in the right 
direction. Ina small book of some 200 pages, he 
teaches much to the beginner regarding the principles 
of testing, gradually leading the student from the 
simple testing of a resistance, by the deflection, to 
the more complex problems, such as the measure- 
ment of resistances by the fall of charge. In all 
cases the algebraic steps leading to the formule are 
given, and in most cases examples are worked out 
in figures. 

Resistance coils, the Thomson galvanometer and 
electrometers, the Wheatstone bridge, and all the 
various keys, shunts, and condensers used in exact 
testing are described. The various modes of measur- 
ing the resistance and electromotive forces of 
batteries, including Mance’s method by means of 
the Wheatstone bridge, are given, 

In the chapter on testing for faults by means of 
the well-known loop test the correction for the loss 
of current due to the dielectric itself is given, This 
correction which, we believe, is due to Mr. Herbert 
Taylor, who employed the correction in 1868, we 
think has never before appeared in print, at any 
rate itis notin any of the works we have men- 
tioned. 

Mr. Kempe’s own words give a very lucid descrip- 
tion of the requirement for and a meaning of this 
correction, 

‘‘ Tt sometimes happens that the fault in a cable 
has a resistance approaching that of the insulation 
resistance when sound; then the position of the 
fault indicated by the loop test will not be its 
true position. The reason of this is that the current 
flowing in a faulty cable has two paths open to it; 
one through the fault and the other through the 
whole of the insulating sheathing. 

‘‘The cable in fact possesses two faults, the actual 
fault, and the fault due to the conducting power of 
the insulating sheathing. This second or resultant 
fault, as it is called in a homogeneous cable, is equi- 
valent toa fault in the centre of the cable itself 
when in good condition. If the cable is not homo- 
geneous throughout, this resultant fault will lie 
away from the centre. Its position can be found, 
rites cer by the ordinary loop test when the cable 
is sound, 
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‘‘ We have then to determine the true position of 
the fault, where the position and resistance of the 
resultant fault, the insulation resistance of the cable 
when imperfect, and the position of the fault indi- 
cated by the ordinary loop test are known.” The 
formula and tests for this are given, 

The tests when condensers are used and the errors 
to which these are liable when shunts are used are 
described, as are also joint testing and measurement 
of resistance by taking the potential at various 

ints of the circuit by means of the electrometer. 

he chapter on specific measurements is worthy of 
note. The specific resistance of gutta-percha is a 
difficult thing to determine. We cannot, as in the 
case of copper, refer it to the most pure, as we have 
no stan of pure gutta-percha. 

According to Mr. Kempe—and we do not know 
whether the idea originated with him or with some 
other authority — 

** 1f we take for our standard a cable, the core of 
which has a length of 1 knot, insulation resistance 
of 1 megohm, and of such external and internal 
radii or diameters (that is the diameters of the 


sheathing and conductor) that log. = = 9,798 then 
r 


e)." 

‘If then we measure the insulation resistance 
per knot, and also the external and internal dia- 
meters of our sample core, and insert the values in 
the formula, we get its specific resistance, or s= 
W ai where W equals insulation resistance 

log. — 
r 
in megohms per knot and R and r the inner and 
outer diameter of the dielectric.” How far this 
satisfies the general idea of specific resistance we 
are not prepared at present to say. It seems to us 
we are after all taking an arbitrary standard of 
purity and conductivity in the materials. 

In the chapter on tests of high resistances, and 
which are those applied in testing the insulation of 
submarine cables, it seems a pity Mr. Kempe has 
not given a full and complete test of a cable, viz., 
the taking resistance of galvanometer, the constant 
test itself of cable with corrections of temperature 
for uncovered core behind the sheathing machine at 
a different temperature to cable tank, and worked 
the whole out by logarithms so as to give a good ex- 
ample of how to set down and work out one of 
these tests in an expeditious and systematic form. 

However, the book is a good addition to our elec. 
tricians’ limited library, and will be found very 
useful to the numerous young electricians who are 
employed in cable factories and in the various sub- 
marine telegraph companies, and who have con- 
stantly to make tests which have perhaps been put 
before them in the shape of rules without the 
rationale having been made clear to them. There 
is, in fact, much that is worthy of notice by those 
even much more advanced in the subject. 
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THE BRIGHTON WATER SUPPLY. 

Fox the past two years some extensive works have 
been in hand having for their object the increase of the 
water supply to the town of Brighton, snd being in fact 
an extension of the town water works. The principle 
upon which these works are constructed sonsists in sink- 
ing shafts at intervals, and from them driving a series of 
tunnels in the chalk formation to intercept the flow of 
surface water through the fissures on its way out to sea. 
This was the system carried out by Messrs. Eastons and 
Anderson in connexion with the old water works in the 
Lewes-road, and again in the new extension works at 
Goldstone Bottom, which were formally opened yesterday 
week by the Mayor and Corporation of Brighton. The 
opening ceremony was attended by a large number of 
scientific and other gentlemen, at the invitation of Messrs, 
Eastons and Anderson, there being amongst the company 
present—in addition to the authorities of Brighton, t- 
ings, and St. Leonards—Sir William Thomson, Professor 


wloonivg, desk, Mr. F. J. Bramwell, Mr. Harrison 
an . ©. J. Amos, Mr, F. B. Banister, and others. 

necessity for the new works is of a twofold nature, 
in the first place the growing requirements of Brighton 
bid fair to exceed the ori | water supply, and in the 
second it was considered highly desirable to provide 
againsta breakdown at the original works, a mishap which, 
in fact, happened a few years since. The works at Goldstone 
Bottom consist of two shafts, one 180 ft. and the other 
150 ft. in depth. These shafts are connected at the 
bottom by a tunnel, other tunnels being driven in con- 
nexion so as to tap the water-bearing strata around. The 
tunnels are 9ft. high from the floor to the crown of the 
arched roof, and 6 ft. wide, and they have a total length 
of over half a mile. A copious supply of excellent water 
is thus insured, which at the minimum may be taken at 
7 million gallons per day, that quantity having, in fact, 
been pumped to surface in order to keep the water down 
in the tunnels during the later period of construction. 
The present demand for water is about 3} to 4 million 
gallons per day, and therefore the present supply, ex- 
clusive of that afforded by the Lewes-road works, is 
greatly in excess. But inasmuch as Brighton is still in- 
creasing, the total supply will probably be not very 
greatly in excess of what may be required a few years 
hence. This will be at once apparent from the fact that 
in 1854 the number of houses supplied was only about 
8000; in 1863 an addition of some 6000 houses brought 
the total to 14,000, whilst at the present time 23,000 
houses have to be supplied, and Brighton is still increas- 
ing. The water is raised to surface by means of two 
compound engines of 150 horse power each, constructed 
by Messrs. Eastons and Anderson, these engines, which 
are of the beam type, having each a high-pressure 
cylinder 2 ft. 4 in, in diameter with 5 ft. 4} in. stroke, 
and a low-pressure cylinder 3 ft. 10 in. in diameter with 
a stroke of 8 ft., the capacities of the two cylinders being 
as 1to4. The average speed of the enginesis 14 revolu- 
tions per minute, but in case of necessity they can be 
driven faster, aud they have been run at 18 revolutions 
per minute. Each engine drives two deep-well low- 
service lift pumps—these pumps being 2 ft. 94 in. in dia- 
meter with 2 ft. 6 in. stroke—and one bucket and plunger 
high-service pnmp with a bucket 2 ft. and plunger 1 ft. 
5 in. in diameter. These high-service pumps have 4 ft. 
stroke, and each is worked direct from the beam. Each 
engine also works a pump for the middle service, this 
pump being in the case of one engine a horizontal double- 
acting pump 12 in. in diameter and 4 ft. stroke, worked 
off the end of the shaft. In the case of the other engine 
this middle service pump is of the bucket-and-plunger 
pattern, this pump, which is worked off the end of the 
shaft, having a bucket 2 ft. and a plunger 1 ft. 5 in. in 
diameter, while the stroke is 3 ft. 6in. All the pumps 
have brass buckets and brass ring valves. ’ 
There are three water services with their respective 
covered reservoirs all supplied by the engine pumps, the 
three reservoirs furnishing water to different zones of the 
town by gravitation. The lift on the low-service pumps 
is 130 ft., while the middle and high-service pumps draw 
from the low service, the lift of the former being 100 ft. 
and of the latter 180 ft. above the low-service level. 

The pumping engines are supplied with steam by six 

Lancashire boilers, each 25 ft. 10 in. long and 7 ft. in dia- 
meter, there being {two flues 2 ft. 9in. in diameter in 
each. The boilers are worked at a pressure of 60 lb. 
per square inch. 
The water is stored for service in a new reservoir 
on the south side of the Dyke-road, which is capable 
of holding 1,000,000 gallons. This brings the com- 
bined storage power of the water works up to 6,500,000 
gallons, so that every contingency is amply provided 
against. The contractors for the works, including the 
engine house and reservoir, were Messrs. Nash and Co. 





THE ORIGIN OF MOTION. 
To THE EpiTroR oF ENGINEERING. 

Srr,—I am sorry to find, as a friend pointed out to me, 
that I made a mistake in my last letter dated from Baden- 
Baden ; only itis not the one ‘‘ The Writer of the Articles”’ 
refers to in your issue of the 13th instant. My calculations 
are all right, but I was wrong in drawing from them the 
conclusion that the conducting power of iron is greater 
than that of copper. They onl to show that iron has 
a ter absorbing power, and this conclusion agrees very 
well with practice. 

‘The Writer of the Articles’ did not quite understand 
my meaning. I did not refer to that amount of heat which 
is at all times contained in bodies, and which is maintained 
by solar radiation, but to a temporary increase of heat, 
which might as well be due to any terrestrial source (for 
instance, a spirit lamp), as to the action of the sum. The 
writer also says that the size of the molecule makes no dif- 
ference ; but I did not speak of the respective sizes, but of 
the respective masses (or, what comes to the same thing, 
the atomic weights) of the two molecules. Now the same 
force can never impart the same acceleration to two dif- 
ferent masses. 

Next I find in the letter, appearing in your issue of the 
13th, the startling discovery all molecular action will 
cease at a temperature of ray This may be so, or it 
may not; I only knew it to be the case with permanent 
panes, I think that those who start such theories ought 

back them with mathematical demonstrations ; but, at 





any rate, I do not quite see what this theory has to do with 
the question in hand. 





Sg hy 
i) 
ation of light led both 


by the former 


physicist. . 
Ata later date still it was further confirmed by Cauchy 
Sr ye in their calculations concerning the dispersion of 
» + having established that the waves of light are 
caused by vibrations i to their direction, let us 
consider how such vibrations can produce an undulatory 
motion. Leta bc d, &., bea number of molecules of ether 
and let the vibrating motion i 
out of its place in the direction of the pe , 
before a began to move, all the molecules, and therefore 
also b, were kept in their relative itions by the attrac- 
tive and repulsive forces acting een them. After a 
has begun to move, and when it has, for instance, arrived 
at the position shown in Fig. 2, the distance a } has in- 
creased, and the attractive and repulsive forces between a 
and b have decreased; but as the latter decrease more 
rapidly than the former, they no longer keep each other in 
check, the attractive force preponderates and the molecule 
b begins to gravitate towarts 6, Fig. 2. But by doing so 
it increases its distance from c ; the attractive force acting 
between b and c begins also to preponderate over the re- 
pulsive one, and tends to move b towards c. The resultant 
of the two motions will be in the direction of the perpen- 
dicular. In the same way as the vibration of a has thus 
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caused b to vibrate, this latter vibration acts also on c and 
so on, Propage the undulating motion in a direction 
a to that of the vibrations of the molecules. 

his ‘Aaa ig a Se tig. A to 6. At the same time a 
continues its motion, but wi ecreasing velocity, while 
bede, &e., all follow suit, until a has spent its =, and 
comes to standstill (Fig. 5), after which it retraces its 
steps (if such an expression is allowable in reference 
to a molecule); at that moment the wave has been pro- 
pagated as farase. The molecule a@ now descends with 
a steadily increasing velocity, while 6b continues to 
f its velocity is equal too (Fig. 6), after which 
it also returns. When a has reached again its starting 
point the peepee d motion has been communicated as far 
as i (Fig. 7), and when a has completed an entire oscillation 
it has been communicated as far as r (Fig. 8). The dis- 
tance a r is the length of one wave. 

Now, if there is no action at a distance, there can be no 
molecular action between a and b, for a and b are two 
molecules of ether between which there must necessarily be 
some space, else no vibrations could take place. The ex- 
istence of these molecular forces also proves that the ether 
is nota gas as is assumed by “ Tae Writer of the Articles,” 
but a solid. This conclusion was already arrived at by Fresnel 
and is now generally admitted by physicists. In a gas the 
undulations can never be , for supposing a (Fig. 
1) to be a molecule of gas set moving along the perpen- 
See, there would be no earthly reason why } should 

‘allow. 

For the same reason the waves of light and heat cannot be 
compared to those of sound, as ‘‘ The Writer of the Articles” 
is 1 trying to do; because the medium for the 
latter being a gas the vibrations are necessarily longitudinal 
and consist merely of alternate condensations and rarefac- 


* Fresnel, (Euyres Complates, i. 767. See also Fresnel 
the “‘ Mémoires de l’Académie Ro 
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tions of the medium ;* whereas the vibrations of the mole- 
cules of ether in a ray of light or heat are tran 
ging your pardon for the length of this letter, and 
claiming your readers’ indulgence for the mistakes I may 
have committed in writing in a language not my own, 
remain yours fait 


E. J. enone. 
Amsterdam, October 19, 1876. 


To THE EDITOR OF ENGINEERING. 

Srz,—I am glad that Mr. Sheward asks me to return to 
this subject, and I will be happy if this reply takes him out 
of the false light in which he saysI p im. I do not 
know how Mr. Sheward has failed to see the force of the 
reasoning in my last letter. However, since he may be re- 
garded at present as the spokesman of the a pay party, 
it is important that every one interested should see that his 
argument is quite useless, and therefore with your kind 
permission I will add a line or two more to make my state- 
ments perfectly plain. 

In the objectionable clause quoted from my letter by Mr. 
Sheward, the words that hit at his side of the question 
were the concluding ones “‘ at a certain time (when, 1 cannot 

ess).’’ But as Mr. Sheward certainly believes that there 
is no motion in gravity, if I were to re-word the sentence 
the better to suit his ideas, it would read: Mr. Sheward’s 
argument makes us think of gravity as if it commenced to 
act upon an object at a certain definite time within our 
knowledge, and was then found to act ‘‘ instantaneously,” 
however far off the object acted upon might be. Inno 
other way can we explain his argument. 

I would ask Mr. Sheward how he can apply the argu- 
ment ‘‘ instantaneous action, and therefore no time for a 
medium’”’ to a law like gravity, which he knows to be con- 
tinuously acting upon everything in the universe. I would 
ask him to think of what is involved in this before 
answering. 

Let me illustrate my meaning by a simple illustration. 
I hold in my hand a string to which at the other end is 
attached a stone. The string is taut, for I am already 
acting upon the stone by it. I pull the stone towards me. 
Now any one wishing to compute how long the stone will 
take to reach a certain point in its course, simply requires 
to find the rate of motion of the stone. That gives him 
also the strength of the effort which I am exerting. It 
matters not to him how long I took to attach my string at 
first, nor how strong the string is, nor of what it is made. 
The effect it produces is all the computer has to do with. 

The application of this to the working of the law of 
gravity will be plain. I would simply say to Mr. Sheward 
that because the ‘‘ string’ of the law o vity, be it of 
what it may, has been attached since the creation and 
never snaps, therefore our astronomers do not and need not 
in their computations allow any time for the attaching of 
it, or in other words, for the propagation of the influence 
from one body to another. Purteermere the ‘‘ string” 
== of the kind explained by your contributor in his able 
articles. 

Mr. Sheward makes a further mistake if he thinks, as 
appears from his last letter, that because computers have to 
take into account the velocity of light, and not the velocity 
of gravity, therefore light can be pro: ted by a medium, 





and gravity cannot. The fallacy of this argument will be 
evident from my preceding remarks. Light is not a con- 
tinuously acting influence, as vity is. It springs into 


existence at definite times ; and, therefore, we both require 
and are able to find how long it takes to propagate its in- 
fluence to a certain distance. 

I hope, Sir, that Mr. Sheward will be satisfied with this 
statement of my-argument, and not think that I am im- 
puting to him any absurd beliefs. I have simply en- 
deavoured to show that his only argument is untenable. 
If he believes in the continuous action of gravity, he must 
ee his argument, for the two are logically irrecon- 
cilable. 

Regarding miracles, which Mr. Sheward introduces in 
his last letter, I would say that if he believes they are 
miracles, as I suppose, he should not attempt to explain 
them, and then find in his explanation an argument on his 
own side. 

I am, Sir, yours sincerely, 
October 30, 1876. ALEX. HENDERSON. 








NOTES FROM THE NORTH. 
Giasaow, Wednesday. 
Glasgow Pig Iron Market.—Thursday last was ab 

day on ’Change owing to the occurrence of the autumnal 
Sacramental Fast Day in the Glasgow district, and in con- 
sequence there was no meeting of the “‘ iron ring.’”” When 
business was resumed on Friday forenoon the market was 
very firm, and several transactions took place in warrants 
at 56s. 10d. and 57s. cash, also at 57s. one month fixed, 
closing sellers 57s. prompt, buyers 1}d. per ton less. The 
afternoon market was quiet, and prices remained unalte: 

from those at the close of the forenoon market. Monday’s 
market was strong in the forenoon, with” business done in 
— +. 57s. oa = — fixed _— a — 3d. 
accepted, closing with buyers still offering the price, 
sellers 57s, 44d. There was practically no change in the 
afternoon. 
o7s. 44d. one month open, and 57s. 2d. cash was paid for 
& considerable quantity of iron, the market closing easier, 
sellers 57s. 1}d. cash, ers 57s. The afternoon market 
was flat. It opened at 9d. one month fixed, but im- 
proved to 57s., buyers over, sellers 57s.1}d. Firmness was 
the rule this forenoon, and a few transactions were done at 
57s. 14d. one month fixed, and at 57s. $d. cash, closing 
easier, sellers 57s. 14d. prompt, buyers 57s. There was a 


.,* The word condensation is, of course, used here in its 
literal sense of increase of density, and not in that of be- 
coming liquid, 





The market. opened yesterday forenoon at | Pp 





very quiet market in the afternoon, buyers 57s. one month 
open, selle or cash. Stocks with makers and in 
store continue steadily to increase. The total amount of 
iron with Messrs. Connal and Co. up till last Friday night 
was 95,174 tons, showing an increase for the week of 
tons. Last week’s shipments amounted to 13,580 tons as 
against 11 366 tons in the corresponding week of last year. 


Government Order for Steel Plates.—The Steel Company 
of Scotland have just concluded a contract with the Ad- 
miralty to supply the steel plates required for the half- 
dozen gunboats which are at present in course of construc- 
tion by Messrs. Palmer and Co. at Jarrow-on-Tyne. This 
is the first order of the sort yet placed in Glasgow by the 
Government, but it is only quite recently that the Steel 
Company have erected a plate-rolling mill so as to be in a 
position to execute such orders. It consists of three pairs 
of rolls—one pair for roughing and one pair of finishing 
rolls, each 7 ft. long by 26 in. in diameter, and a pair of the 
same diameter but 5ft.long, which can be used for cogging, 
roughing, or finishing. The rolls, ‘‘ housings,’’ and other 
fittings of this very fine mill have been e and erected 
by the meoag A own staff, under the superintendence of 
Mr. Thomas Williamson, the general of the works. 
The millis driven bya os of reversing engines, constructed 
on the principle of the Ramsbottom patent by Messrs. 
Miller and Anderson, engineers, Vulcan Fo » Coat- 
bridge. They are provided with 34-in. cylinders, and have 
a stroke of 4 ft. 


The Clyde Shipbuilding Trade.—During the past month 
there were launched on the Clyde twenty vessels of a total 
of about 17,600 tons, whichis the smallest amount of shipping 
launched during the same month for the past five years. 
The largest vessel was the London Castle, a screw steamer 
of 2500 tons and 450 horse power, built by Messrs. J. and 
G. Thomson, Glasgow and Dalmuir, for Messrs. Thomas 
Skinner and Co.’s well-known ‘‘ Castle’ Line of London 
and China and Java traders. The only other steamer of 
any size launched last month was one of 1750 tons. There 
were six sailing vessels launched which from 1000 
to 1250 tons. Judging by the number of orders placed on 
the Clyde during the last few weeks it would almost seem 
as if a revival in the activity of the shipbuilding and marine 
engineering industries had commenced. Certainly a good 
deal more confidence has been inspired into “‘ the trade’”’ 
within the last month or two, although there are still 
several yards that are pretty bare, and a goodly number of 
workmen are going about unemployed; in a few weeks, 
however, a large proportion of them will doubtless find em- 
ployment. 


Steam Communication between Orkney and the Main- 
land.—Mr. Paterson, i of the Highland Railway 
Company, arri in a few days ago, and on 
Monday he was engaged in examini a y, in con- 
junction with Mr. A. C. Hedden, C.E., with regard to the 
site of a = which it is proposed to erect for the con- 
venience of the railway steamer which is to be placed on the 
passage between Caithness and Orkney next summer. 


The New Railway Bridge over the Clyde at Glasgow. 
—Operations for the new viaduct which the Caledonian 

ilway company are about to erect over the Clyde at 
Glasgow for the p e of connecting ir south-side 
lines with the proposed central station at Gordon-street, are 
making rapid progress on both sides of the river, Mr. 
Milroy’s new digging machine has done some very effective 
work in the way of preparing for the sinking of the 
cylinders on which the piers are to be built; indeed, it 
seems to be one of the most efficient excavators for 
work of the kind yet brought into use. On the north side 
of the river it has gone down to the solid rock at a depth 
of rather more than 90 ft. 


The Clyde Steel Corvettes —The six ee corvettes, Rail: 


of the Comus class, the order for whic 
by Messrs. John Elder and Co., Glasgow, are 
already in progress, the keels of at least four of whi h are 
being laid this week ; and now the same firm have been 
successful in securing a contract for supplying the engines 
and, boilers for three of those vessels, while the order for the 
other half of the machinery contract has been obtained by 
Messrs. Humphrey, Tennant, and Co., London. Messrs. 
Elder and Co. thus stand well up in Government work, 
indeed, they even bid fair to take the lead in this special de- 
partment, which is somewhat remarkable when it is re- 
membered t till within the last few years the only 
a a See to —_ share were a rod 
two iso contracts, such as su eaten for the 
old wooden ship Constance, ne later for the Tenedos. 
After a long interval they built the turret ship Hydra, and 
supplied machinery for this and the sister ship Cyclops. 
More recently they were successful in securing t 
contract for the engines and boilers of the monster 
turret ship Inflexible (fully 120,000.), and also in obtaining 
the complete contract, both vessel and machinery, for the 


red | ironclad twin-screw corvette Nelson, which will be launched 


on Saturday, the 4th inst. The latest and most important 
contract is, of course, that for the six steel-plated corvettes, 
for three of which they have now to supply machinery. It 
was hoped—not without some reason—that the engines and 
boilers for these ships, presenting, as they do, a rare op- 
rtunity for a uniform competitive test of various engineer- 
ing firms would have been entrusted to six, or at least three 
different builders, and it may occasion some surprise that 
one firm should be favoured od 4 = as half of ~ 
entire machi required, though it was generally ad- 
mitted that the building the vessels were safe to secure 
the contract for the su; ply of a portion of the machinery. 
The form of engine whic the Admiralty authorities are 
aiming at now, as most suitable to the conditions of 
the iron navy, is a horizontal arrangement of three 
cylinders—one high and two low pressure—all of the same 
diameter, and each working on to a te crank, the 


valve arrangements being so constructed as to admit of three 





‘months ending August 31, 1876, the com; 





cylinders being worked on a uniform low pressure when 
desirable, as when the ship is in action. The engines of the 
Comus class will be on this principle, besides embodying, 
along with the boilers, improvements calculated 

obviate such disasters as have recently befallen the ironclad 
navy. : 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The North Staffordshire Engineers.—On Th last 
the members of the North Staffordshire Tastituto of Mining 
&o., Engineers, South Yorkshire by special 
train en route from Stoke-on-Trent to Frodingham, where 
they inspected some of the principal blast furnaces and iron 
ore ts. In the afternoon the visitors were entertained 
by the North Lincolnshire Iron Company, and they returned 
jn the evening to Stoke. 
Accident with yo oe “e+ me Thursday last as 
a traction engine belonging to Mr. G. E. Stringer, colliery 
owner, was ascending the Castle Hurst Hill near Norton- 
rpe, the front wheels broke off and the engine fell oyer 
on its side ; the trucks attached also fell over, and in doi 
so knocked down a wall and did damage to the extent 
1001. The driver, named Greaves, was injured. 


The Wa Gaslight A ial meeting 
of theshareholders of the Wakeheld Gasligh Com was 
held.on Monday for the purpose of empowering the Riecseus 


to apply to iament to increase the capital from 80,0001. to 
150,000t;, and to empower them todevoteabout 10,0001. which 
had been accumulating for many years past, to the pay- 
which had not received 


ment of arrears on 8 
i these powers were conferred by 


maximum dividend. 
the meeting. 

The Barrow Company’s New Collieries.—Last week the 
Silkstone seam of coal was reached in the No. 3 shaft of the 
Barrow Hematite Company’s new collieries at Worsborough, 
South Yorkshire. The seam was found to be 5 ft. thick. 
The No, 1 shaft will work the Swallow Wood seam and will 
subsequently go down to the Thorncliffe and Parkgate beds. 
an the wor will yield an aggregate of about 1500 tons 

‘y- 

The Wharncliffe Carlton New Collieries.—On Thursday 
last the Barnsley seam of coal was reached in the No. 1 
shaft of these collieries. There are two shafts each 14 ft. 
in diameter. Se i ae and are tubbed toa 
depth of about 138 yards. y will yield 1200 tons daily. 

Gas Explosion at Barnsley—On Friday morning last a 

serious explosion took ies eh the salddaee of Mr. 
Squire, contractor, y, owning toa lighted candle 
coming into contact with a profuse escape of gas. The 
windows were blovyn ont and much of the furniture greatly 
damaged, besides injuring two persons. 


Messrs. G. and J. Brown (Limited).—A meeting of the 
shareholders of this rey eed been called for Friday 
next, in order to consider the advisability of winding up the 
concern, which at the date of the last report owed about 
130,0001. and had 90,0001. worth of assets. 


Doubling of a Line of Railway.—On Sunday last the 
new set of rails which has been laid on the South Yorkshire 
section of the Manchester, Sheffield, and Lincolnshire 
Railway from Chapeltown to Aldam Junction, was used for 
traffic for the first time. At the Thorncliffe Works and 
Collieries, as well as at all other pit sidings, crossover 
roads have been laid down, and along the whole length the 
block system of working has been introduced. 





NorTHERN Paciric RarILRoAD.—The Northern Pacific 
— ay has ee = now pending » Figen nen 
mgress gran © company éi itio 

years for the completion of its “aie In the eleven 

sold 226,312 
acres of its land grant for 886,586 dols. sales effected 
up to September, 1875, comprised 695,072 acres sold for 
3,683,229 dols. The land t had thus been disposed of 
up to August 31, 1876, to the aggregate extent of 921,384 
acres, the amount realised having been 4,569,815 dols., or 
an average of 4} dols. per acre, as nearly as may be. The 
net c receipts of the company now amount to about 
30,000 dols. per month. 





A Gravine Dock 1n BatrisH CoLumMBIA.—We learn 
from the British Colonist that previous to the departure of 
His Excellency the Governor-General of Canada and Lady 
Dnfferin from British Columbia, where they had been ona 
visit, His Excellency drove the first pile in connexion with 
the construction of the first ving dock in the British 

ions on the Pacific coast, and which is to be built in 
uimalt harbour. The assemblage at the ceremony was 
large ond brilliant, the lieutenant-governor, the members 
of the Government, and other influential people of the pro- 
vince being present. His Excellency, after rep ing to an 
address which had been presented to him by the people of 
Esquimalt, approached the engine which was to lift the 
monkey, or mass of iron. When all was ready, His Excel- 
lency moved a lever, and the mass of iron weighing 2300 Ib. 
yas poonatanen from a considerable height on to the i. 
amid the salute of Laat y+ from H.M.S, 
Am t, the dipping of flags, the cheers of the 
assemblage. Thagile was tien announced as driven and 
the great work ina ted. Mr. W. Bennett, C.E., and 
Mr. C. Dawson, C.E., were present, the former tleman 
apace eqong ge | od Morris, Sante, 
engineers Sock, an latter ye 
luncheon, they visited the Goveremenh dockyard, and ex- 
pressed themselves well pleased with all they saw. 
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NOTES FROM THE SOUTH-WEST. 
eer ays gg sng gw gfe 
n way was 
Reid on Thursday, to consider the hich the line 


apply next session for a Bill to continue the line from 
Dorstone to Caemawr, in the parish of Hay, in the county 
of Brecon, the directors making it a sine tha 
shares should be taken and guarantees given 
of Hay. 
* The Ebbw Vale Iron Works.—Notices were posted in 
the works on Saturday to the effect that all the tradesmen 
employed at the Ebbw Vale Iron Works would be reduced 
5 per cent. in their wages, the reduction to take effect at 
at the beginning of next month. 

Sasol tan oscvery af onal by tae Mowpers Abereers 
noticed t iscov the Newpo rm 
Collieries Campane te the Countian Valley, between New- 
bridge and Abercarn, and we have now to record the 
furthe success of the undertaking. At that time (about 
the beginning of A ), No. 1 pit had been sunk toa 
ary of 307 yards, when a valuable seam of what is called 
E coal 3 ft. in thickness, was discovered ; and it was 
then thought that the black vein seam would be reached 
about November. On Saturday this valuable seam was 
struck. The workings, which were commenced a little 
over three years since, have gone on favourably throughout. 
The consulti ineer has been Mr. T. Thomas, of Cardiff, 
and the ieauaner, tii. J.T. Green. The Elled seam, it will 
be remembered, was struck in No.1 pit in August, and 
since that time the sinking has gone on satisfactorily. No. 
4 seam, about 9 yards in thickness, was discovered at a 
distance of 957 ft. from the surface. No. 5 seam was next 
struck at a depth of 986 ft. This seam is nearly 2 ft. in. 
thickness, and underneath it there is a valuable bed of fire- 
clay, which can be worked to advantage by the hoe ed if 
it thinks fit. The next seam, No. 6, is the well-known 
black vein, which was discovered at a depth of 1060 ft. Its 
thickness is practically 10 ft. It is described by competent 
judges to be perfectly clean, and harder and more compact 
than the old Abercarn and Risca black vein steam coal. 
Some estimate of the value of this seam may be formed 
when we state that the pit is 22 ft. by 18 ft., and that in cut- 
ting through from the top to the bottom of the seam, about 
125 tons of coal were sent to the bank. Nos. 2 and 3 shafts 
remain in the same condition as in August, but the sinkers 
will now be transferred to No. 2 pit, in order to complete 
the colliery. When this pit has been sunk to the depth of 
No. 1, some further arrangements will be made to complete 
the latter shift. When the whole of the workings have been 
completed, from 1000 to 1200 men will be employed, and 
the quantity of coal raised will be very large. he con- 
tractors who have carried out the sinking'works are Messrs, 
Phillips and Bayley, of Abercarn. 


Trade at Cardiff{—There has been a slight improve- 
ment in the quantity of coal shipped to foreign ports, and 
it is thought that the demand will be greater. The 
quantity shipped during the week ending the 25th ult. was 
81,966 tons, against 71,808 tons in the previous week, 
showing an increase of 10,000 tons. Quotations have 
altered but little, but it is the general impression that the 
rice of steam has an upward tendency, the demand 
or this particular kind being good. 

Dock Construction at Plymouth.—Plymouth is about 
to commence the construction of what, when finished, will, 
it is said, be the st dock in the world. The con- 
tract has been settled with a Plymouth firm, and inde- 
pendent of work now on the ground it amounts to about 
120,0001. 


non t 
the people 








Tux DRAINAGE OF THE THAMES VALLEY.—A meetingof 
local sanitary authorities interested in the Thames Valley 
drainage was held last week at the Surveyors’ Institute, 
Great George-street. The conference was convened at the 
instance of Lieutenant-Colonel Cox, who was the inspector 
appointed by the Local Government to inquire into the 
scheme of the Surbiton Commissioners and others in the 
Upper Thames district for the disposal of the sewage of 
Kingston, Richmond, Hampton, &e. Mr. Nelson, the 
City Solicitor, and chairman of tae Hampton Wick Board, 
occupied the chair, and explained the reason of the meeting. 
He complained that after Colonel Cox’s report had been 
presented no action had been taken. He laid before the 
meeting Mr. Bailey Denton’s plan for taking the sewage of 
the district to Hanworth, which, being in the neighbour- 
hood of gunpowder -— had sais cena of wae pet 
slightly populated, and consequently opposition on the 
of reslaunts would not likely occur. Another estimate for 
the same site placed the cost at about threepence per head 
rate. In the di ion which followel most of the repre- 
sentatives of the vestries op the scheme, which seemed 
to be chiefly supported by Richmond select vestry. At 
the conclusion of the meeting Cox essed his 
satisfaction at hearing the opinion of the authorities in- 
terested. If the Local Government Board thought it 
desirable, it would on his advice order a further inquiry on 
the application of the Hampton Wick Local Board. In 

ly to a remark that the was waiting his sopert, 
Colonel Cox said that he hoped no local board would delay 
an hour in doing the duty imposed by Act of Parliament, 
namely, that of at once dealing with their sewage. At the 
same time he requested that any which were pro) 
should, after the local authorities had approved of them, 
be immediately laid before him, in order to facilitate his 
action in the matter. 
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We illustrate above a form of disc railway wheel de- 
signed and patented by Mr. James B. Handyside, of the 
Crown Iron Works, Glasgow, this wheel possessing 
several features which appear well deserving of attention. 
The construction of the wheels is, as will be seen, very 
simple, and offers special facilities for manufacture. Each 
wheel consists of the tyre, the boss, two discs, two rings, 
and twelve bolts, and all these parts can readily be made 
strictly to gauge so as to be interchangeable. 

The boss is of wrought iron and has forged in one 
piece with it four arms, these arms being of such length 
that they may be each traversed by one of the bolts which 
fasten the discs together. The discs are of thin plate 
steel and are stamped so as to give them the corrugated 
form shown, their shape being such that at their outer 
and inner peripheries they grip the tyre and boss respec- 
tively. It will be noticed from our section that the tyre 
does not bear upon the outer edge of the discs, the latter 
8o gripping the tyre that the boss is suspended, and the 
discs are thus subjected to a radial tension and not com- 
pression. 

Outside the discs at the point where the latter most 
nearly approach each other a pair of rings are placed, 
these rings being traversed by the twelve bolts already 
mentioned. These bolts bind the discs together, while 
four of them also pass through the arms of the boss, as 
shown. The points of the bolts are rivetted over, and we 
are informed by Mr. Handyside that the experience gained 
with the wheels already running tends to show that the 
nuts have no tendency whatever to work Joose. 

Several pairs of these wheels were set to work more 
than six years ago on the Caledonian Railway, and they 
have continued to run most satisfactorily up to the present 
time. Other similar wheels are now being made for that 
line, while they have been specified for a number of 
cattle wagons which the company is now giving out. 
Sets of the wheels have also been ordered for the High- 
land Railway as well as for the Great Eastern, the London, 
Chatham, and Dover, and the Isle of Wight railways, so 
that in a short time there will be quite a number of Mr. 
Handyside’s wheels running. 

It will be evident from our engravings that the form 
of the discs gives to the wheel a certain amount of 
elasticity which is conducive to the durability of the tyre, 
while the connexion between the boss and tyre is such that 
the former may safely be worn down very thin before 
being renewed. The wheels also possess very great lateral 
strength, and we have now before us the results of some 
experiments carried out by Mr. Krupp at Essen, in which 
Mr. Handyside’s wheel was laid on its side on supports 
bearing against the tyre, and tested by a weight of 397 lb. 
let fall from various heights of from 3 ft. to 23 ft., these 
trials showing the wheel to possess remarkable en- 
durance, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was an 
excellent attendance on "Change at Middlesbrough. The 
tone of the market was firm and last week’s quotations 
were maintained. Forge iron is in better request and 
shipments are brisker. The pig iron trade is not in a 





RAILWAY WHEEL. 


satisfactory condition. Everybody is in a state of doubt as 
to what may happen through the war in the East, and the 
consequence is that buyers hesitate about doing business on 
anything like a large scale. 

The Finished Iron Trade.—With the exception of rail 
orders the finished iron manufacturers are not so badly off 
for work as they were a few weeks ago. There is a good 
demand for shipbuilding iron. It is unpleasant to learn 
that something like 500 puddling furnaces in the North of 
England are lying idle. The number of men out of em- 
ployment is large, and it is feared that the distress during 
the coming winter will be very considerable. Masters are 
feeling the effects of the long-continued bad times. 


eo and Shipbuilding.—In different parts of 
the North of England engineering and shipbuilding is 
improving. A good many orders for marine engines and 
steamers have recently been secured and the inquiries now 
are very numerous. 


The Due Payers and the Tyne Commission.—A few days 
ago a meeting of the due payers on the river Tyne was held 
at Newcastle, and the following resolution was agreed to : 
‘* That the opponents of the Tyne Improvement Bill of last 
session are prepared now, as they were prepared then, to con- 
sent to an increase of the river dues provided that such in- 
crease shall be proved to be absolutely requisite to enable 
the n river works to be carried on ; and provided 
also that the river dues be expended on river improvements 
alone ; but that any attempt to render the river dues liable 
in any manner whatever to contribute either directly or in- 
direct! ly to other than river purposes will be met with the 
strongest possible opposition. 

The North-Eastern Railway Company and their Mineral 
Rates.—The company have replied to the depytation who 
recently waited upon the directors urging the desirability of 
a reduction of the rates, that at present they cannot make 
any alteration. 


The Cleveland Miners.—Several of the ironstone mines 
in Cleveland are now being worked on short time. 





Tue Crry CORPORATION AND THE ARTISANS’ DWELL- 
tnes Act.—At a meeting of the Court of Common Council 
of the City of London, held last week, Mr. Cox, the chair- 
man of the Sewers Commission, stated that the carrying out 
of the Artisans’ Dwellings Act had been entrusted by the 
Government to that commission, and they intended to do 
it effectually. When they had received their powers they 
at once gave instructions to their medical officer to prepare 
a list of places which required dealing with, and Dr. Saun- 
ders had cv” to them no less than twenty-three such 
places in the City where the Act might be put into force. 
At the end of last year the commission attempted to deal 
with one site, but Tegal difficulties rendered it impossible. 
During the present year three sites had been selected for 
operation. The first was Blewitt’s-buildings, in Fetter- 
lane, the second a area near Golden-lane and Bar- 
bican, populated by at least 1000 persons ; and the third, 
and by far the most important, was Petticoat-lane, where 
nearly 1200 persons were living in a most crowded con- 
dition. The estimated — for all these improve- 
ments, after allowing for the sale of land, was 280,000I. 
Under the Act the local authority had power to borrow the 
amount, and to spread the repayment over fifty years at an 
interest of 3} per cent. It was intended to issue the no- 
tices at once, but in carrying out the improvements to in- 
terfere as little as possible with the convenience of the 
present inhabitants. 
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COOPER’S SLIDE VALVE INDICATOR. 


CONSTRUCTED BY MESSRS. ELLIOTT BROTHERS, LONDON. 


@ 


Amonest the numerous instruments shown at the Loan 
Exhibition of Scientific Apparatus at South Kensington, 
is the “slide valve indicator,” of which we annex en- 
gravings. This instrument is one designed by Mr. William 
Cooper, of North Shields, and it is intended to supply 
engineers, managers, and others interested in the econo- 
mical use of steam in the steam engine with a portable 
apparatus which shall accurately and quickly show the 
whole of the motion and action of a slide valve, and at 
the same time duly allow for the variations dueto any 
length of connecting rods, thus furnishing a ready means 
of quickly comparing one valve with another or obtaining 
the whole of the particulars which show the distribution 
of the steam in any existing engine.. The instrument can 
be used for all slide valves which are driven in the usual 
manner, with or without levers and weigh shaft, and the 
valve may have equal or unequal lap and lead inside, out- 
side, or combined. 

In our engravings, Fig. 1 is a plan of the instrument, 
and Fig. 2 is a side elevation; similar letters on each 
figure refer tothe same details. A A is the frame carry- 
ing the moving parts. Bis along slot in which slides 
the slide block C corresponding to the piston of an ordi- 
nary engine. D is a small slot parallel with the long slot 
Band graduated on one side, giving various lengths of 
connecting rod relative to the length of the stroke. E is 
an adjustable graduated scale on which may be read off 
the various positions of the piston or slide block C either 
on the up or down stroke. F is a swivel coupling for 
fixing any length of connecting rod in relation to the 
stroke of the engine. G is the connecting rod. H isa 
crank-pin for giving motion to the connecting rod and is 
fixed to the bevel wheel J. K is a centre stud carrying 
the bevel wheel J; and L is a pinion gearing into and 
driving the bevel wheel and crank. M is the pinion shaft 
worked by the milled wheel N which works the whole 
instrument. OO is a centre slot in which are placed two 
rods P P, and worked by the knobs Q Q. R R are 
transverse sliding plates to indicate the lap and lead of 
the valve and are worked by the knobs Q Q, which 
are connected with the sliding blocksS 8S. T is a sliding 
pointer adjustable in length by the small screw V, and 
fixed to turn with the crank; it may be set at any angle 
to the crank as reqirued by the milled nut X. UU are two 
arms graduated in inches for adjusting the length of the 
pointer T. 

_ To use the instrument turn the crank on to the centre, 
either the top or bottom, then adjust the scale E to the 
required length of connecting rod by bringing the top of 








Fig.2. a 
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the scale opposite the proper length of.frod, then ease 
the set screw at F and adjust the; piston to the zero on 
the scale E. The zero on this scale is either at the top 
or bottom, as the crank is either on the top or bottom 
centre, and Eis doubly marked, reading both up or down 
as the case may require. Next move the two plates RR 
from the centre, a distance equal to the lap of the valve. 
If we suppose the crank to be on the bottom centre then 
move the pointer T across U U and set it to half the 
travel of the valve and fix it by the central screw V ; 
turn the bent point up towards the piston until it crosses 
the first edge of the lead plate R, such a distance as will 
equal the lead required and fix it there by the milled 
nut X. It will be seen that the point of the needle (a) now 
actually becomes the centre of an eccentric, and its posi- 
tion with regard to the crank is the same. 

The instrument is now ready for taking the whole or 
any of the after-mentioned particulars. By turning the 
wheel N the needle moves from its position towards the 
top of the circle which it describes. When it reaches } 
the valve is full open and the distance from R to end of 
needle is the opening the port then has, When the 
needle reaches the edge of the plate R atc, the valve is 
closed, and when by continuing the motion the needle 
reaches the centre line U U at d, the exhaust (if the 
valve has neither inside lead nor lap) begins on one side 
and compression on the other. Again, when the needle 
reaches e compression ceases and lead a before the 
crank is on the centre. Finish the stroke by turning 
the wheel a little further and inserting the pin on the 
right to insure the crank’s proper position. The needle 
will then be at,/, and the distance from / to the edge e will 
be the lead the valve has atthe other end. Continue the 
motion for the other stroke and at each of the points above 
named the position of the piston with regard to the scale 
E is to be read off. 


As will be seen from what has been said, the instru- | action and danger 


ment affords the means of obtaining the following par- 
ticulars: How far the piston has travelled when the 
steam port is full open, and how much this opening 
varies by using the reversing link as a means of ex- 
pansion ; the part of the stroke where the steam is cut 
off by the valve closing and expansion begins; the point 
at which expansion ceases by the opening of the steam 
port to the exhaust ; the portion of the stroke performed 
under the expansion of the steam; the point at which 
the exhaust ceases and expansion begins; the portion 
of the stroke performed during the compression of the 
steam ; the point where the steam port is opened by lead, 


and before the piston has finished its stroke; the por- 
tion of the stroke performed against the steam which is 
admitted by lead; and also how the whole of the above 
details differ between the up and down stroke owing to 
the angles formed by the connecting rod. 

We may state in conclusion that the instrument we 
have described is exhibited at South Kensington by 
the makers, Messrs. Elliott Brothers, Strand, London.’ 





NASMYTH’S SPHERICAL SEATED 
PENDULOUS SAFETY VALVE. 
To THE EpIToR oF ENGINEERING. 

Srr,—The frequent occurrence of steam boiler explosions, 
and especially a recent one, namely, that of the Thunderer, 
accompanied as it was by most di us and distressing 
circumstances, has brought the subject of safety valves 
prominently before the public. I have therefore considered 
this a fi occasion to submit to your notice a constrac- 
tion of safety valve which I invented and introduced in 
1846, and as it has yielded entire satisfaction in the case 
of hundreds of these safety valves which I supplied up to 
the time of my retirement from business in 1857, It the 
following description of this most simple and trustworthy 
safety valve may prove acceptable to those who are 
specially interested in the subject. 

In the construction of safety valves that were in general 
use up to the date of this contrivance of mine, conical 
valves were employed, which from the nature of their conical 
form an accurately fitting guide spindle was requisite, so 
as to guide the valve correctly into its corresponding conical 
seat, as the slightest deviation from the line of their ye on 
tive axis would destroy the steam tightness of the valve ; 
but however requisite was the employment of such a guiding - 
spindle for the reasons stated, the result in the form of a 
tendency to stick fast from over tightness in the spindle 
arising from deposition of mud or incrustation, became a 
fertile source of unfaithfulness in the action of the valve, . 
leading but too frequently to fatal results. 
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In order to remove all such ts of danger which 
for the above stated reasons are ever present when conical 


valves are ws in the case of safety valves, I sub- 
stituted the sphere in place of the cone, as a spherical sur- 
face has the p’ <a oo a 
correspo! or seat in all positions. erring 
to the accom ing illustration, it will be seen that the 


panying 
bearing of the valve and its seat being corresponding por- 
tions of a aphete they ave in themsatven, by thee hee 
of their respective forms, the most perfect and sim: — 
to each other, and in consequence no guide spindle wh 
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which as it sways to and fro, before reaching the boiling 
point and duringebullition, communicates aslight oscillatory 
movement to the valve, and thus in the simplest manner in- 
sures its unfailing freedom of action. There being no re- 
striction to the upliftmg of this valve, a much more free 
egress is afforded to the escape of the surplus steam than 
is the case in safety valves of the ordinary conical con- 
struction. This being so, a much smaller valve than is 
usually considered requisite will be found quite sufficient 
for all purposes of safety. 

In the case of the application of this spherical safety 
valve to marine engine boilers, the weight rod should be 
lengthened downwards (as dotted in the drawing), so as to 
pass through: a wide ring attached to any convenient part 
of the boiler, for the purpose of controlling any undue 
pendulous action that might otherwise occur from the 
pitching or rolling of the ship. 

To those who are snedial’ interested in this subject, a 
sight of the action of this spherical safety valve when the 
steam has reached the blowing off point of pressure, is 
quite a treat in its way. The valve is then seen to float 
on the escaping steam, moving about m all directions, 
supported on its steam cushion, and closing perfectly the 
instant the steam has fallen below the appointed maximum 
pressure. 

The entire nature of the structure of this truly simple and 
trustworthy safety valve may be understood at a glance on 
referring to the accompanying drawing. 

Siscns NAsMYTH. 


Hammerfield, Penshurst, Kent, October 23, 1876. 


ROPE GEARING. 
On Rope Gearing for the Transmission of Large Power 
in Mills and Factories.* 
By Mr. James Dupre, of Manchester. 

Tue best means of transmitting power from the prime 
mover to the various machines in a factory has long been 
a matter of importance to the engineer and to the manu- 
facturer. Until lately, toothed gearing, either as spur or 
bevel wheels, or a combination of both, has been almost 
universally employed for first motions, the smaller powers 
being taken off pulleys by leather belts. The facility of 
taking small powers off drums to machines by means of 
belts, and the absence of noise and vibration, led to the 
adoption, in the United States of America, of broad leather 
belts for the transmission of large powers from the prime 
mover to the shafting in factories, and the success which 
his followed the adoption of these large belts there has led 
to their being adopted by many users of power in this 
country 

The object of the present paper is to bring before the In- 
stitution the plan of transmitting large powers by means of 
round ropes working on grooved wheels, which in some 
parts of this country has been largely adopted as a sub- 
stitute for toothed gearing. The experience gained by the 
firm with which the writer is connected in this mode of 
transmitting power has extended over a period of thirteen 
years, and wherever it has been employed, either to replace 
toothed gearing in old or for new works, it has always given 
complete satisfaction. 

In this mode of driving, the flywheel of the engine is 
made considerably broader than the flywheel of an engine 
having cogs on its circumference, and instead of cogs a 
number of parallel grooves for the ropes are turned out, the 
number and size of which are regulated by the power to be 
taken off the flywheel. The power which each of the ropes 
will transmit depends upon their size and the velocity of 
the periphery of the flywheel. The ropes employed are of 
two sizes for large powers, namely, 54 in. and 6} in. cir- 
cumference ; another size of rope, 4} in. circumference, is 
employed for small powers, but there is no definitely ascer- 
tained limit to the size of rapes that may be employed. 
Where large powers are required, and where large pulleys 
can be used, it is best to use heavy ropes, and the contrary 
when the opposite is the case. 

The velocity of the a | 
= is generally d to be between 3000 ft. and 

ft. per minute; and the velocity being settled and the 
power of the steam engine known, the number of the ropes 
required to transmit the power is then determined, from the 
experience that has been gained of the amount of power 
transmitted by ropes in previous cases. It is very essential 
that the right proportion between the diameter of the ropes 
and the pulleys is obtained ; if the diameter of the pulley 
is too small, the rope in continually bending over them is 
apt to strain the strands and grind the core into dust, and 
on the size of the pulley in os measure depends the life 
of the rope. Asa the circumference of a pulle 
should not be less than thirty times that of the rope whic 
works on it. In apportioning the distance between the 
driver and the driven shafts, great latitude may be taken, 
a distance of from 20 ft. to 60 ft. may be taken as a fair 
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Nica a fitted up by Messrs. Pearce Brothers, 
i Foundry, of that town; this gearing has been 

working from June, 1870. The section of the factory shows 

the engine flywheel, which is 22 ft. in diameter, and has 
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engine. If the factory consists of more than one s 


power ; that to the first floor by four ropes to a pulley 
5 ft. 6in. in diameter, the power required being 92 indicated 
horse powvr ; and that to the attic by six ropes on to a 
pulley 5 it. 6 in. in diameter, the power required being 138 
indicated horse power ; two shafts being required in this 
room, the power to the second shaft is transmitted by hori- 
zontal ropes, whilst on the other side of the engine shaft 
three ropes transmit 69 indicated horse power to a weaving 
shed, the pulley being 7 ft. 6in. in diameter. The ropes 
should never be so heavily loaded as to draw them, even on 
short spans, to a near approach to a straight line; in this 
factory each rope, travelling at a velocity of 2967 ft. per 
minute, transmits as above 23 indicated horse power, the 


tension on the rope is therefore 38 a =256 lb., which 


is a very long way under the breaking strength of the ropes. 

It will be seen hoe the full-size drawing, which shows a 
section of two grooves with their appropriate ropes, that 
the ropes do not rest on the bottom of the ove, but on 
its V-shaped sides; these sides are generally made at an 
angle of about 40 deg. to each other. If the angle at which 
the grooves are formed is very obtuse, the ropes will slip ; 
if too acute, much friction may be ca by the rope 
becoming wedged into the groove. As the sum of the ten- 
sions upon the two parts of a band is the same, whatever 
be the pressure under which the band is drawn or the resist- 
ance overcome, the returning side of the rope is as much 
slackened as the working side is tightened. It is therefore 
generally advisable, when it can be so arranged, to have 
the tight or driving side of the ropes at the bottom, so that 
the returning side may lap round the top of the pulleys, 
and consequently obtain extra bearing surface ; when the 
opposite is the case, the ropes fall sooner out of the grooves, 
and so lessen the bearing surface. It is not always 
practicable to arrange this, and in the case of taking the 
power off both sides of the driving pulley, it is obviously 
impossible. 

It will be noticed from the drawings that none of the 
shafts of this factory are driven from the flywheel by less 
than three ropes, the strain on each rope being only, as 
shown above, 256 lb. ; it may, therefore, be supposed that 
a greater weight may temporarily be put upon a rope, in 
ease any of the ropes should require to be tightened up, 
and this is often done. A rope is taken off at a meal hour, 
respliced, and put on again at the next stoppage of the 
engine, thus avoiding any necessity for night work or over- 
time. Night work should always be avoided, for besides 
the extra expense incurred, the work is never so well done 
by artificial light as it is done by daylight. 

Other drawings exhibited show the arrangement of rope 
gearing in the Samnuggur Jute Factory, Calcutta, which 
is a one story building, all the machinery, both spinning 
and weaving, being on the ground floor. The engines are 
placed near the middle of the building; they are about 
1000 indicated horse power, and make 43 revolutions per 
minute ; the flywheel is 28 ft. in diameter, and its width 
6ft. 7in.; the velocity of the periphery being 3784 ft. per 
minute. The ropes are G}in. in circumference, eighteen 
ropes transmit the power to the right-hand or spinning side, 
and seven ropes to the left-hand or weaving side, making 
a total of twenty-five ropes ; each rope therefore transmits 
40 indicated horse power. The tension on each rope due 


to this load at the above velocity is 33:000X40 — 49 1p, 


which is rather a heavier load than in the previously described 
factory; ali the shafts are also driven by more than one 
rope, with the exception of some of the line shafts in the 
weaving shed. Rope gearing was only adopted in this case 
after the most searching inquiry as to its suitability for 
working in the warm and humid climate of Calcutta, and 
its adoption has been attended with very satisfactory 
results, both in this case and also at the Sealdah Mills in 
Calcutta. 

The drawings show the arrangements adopted when the 
factories have been specially designed for rope gearing, but 
this gearing has often been applied to rép! toothed 
gearing in mills already built. The plan then adopted is to 
put in a new grooved flywheel, or to place grooved segments 
upon the existing flywheel, when the speed is yume nee | 
great to allow of a limited number of ropes being employed, 
and the width of the wheel pit is also sufficient for the 
purpose; but if this plan cannot be adopted, grooved 
pulleys are put on the second motion shaft, and the ropes 
carried to the different stories of the mill. It has even 
sometimes been necessary to put in a countershaft, so as to 
gain speed and get sufficient length between the centres of 
the shafts on which the pulleys are placed. 

A comparison has now to be made between the system of 
rope gearing and the other two systems in use at the pre- 
sent time. The system in most use is toothed 
gearing ; in this the first driver is the spur-wheel fitted on 
to the crankshaft of the engine, into which is geared the 
driven pinion of smaller size. In order to insure these two 
wheels working well it js absolutely essential that the cen- 
tres of the engine shaft and the shaft of the pinion are 
rigidly fixed at the correct distance from each other, and 
that the teeth of the two wheels are accurately of the same 
pitch and size. The first of these objects is obtained by 
making the engine bed, in a horizontal engine, a strong 
rigid ing resting on an expensive ashlar foundation, or 
in a beam engine the foundations are alone depended upon. 
If these objects are obtained, the wheels ought to work 
smoothly and without much noise; but how often this de- 
sirable ol ject is ined, it only requires a walk to be taken 
through the. streets of a manufacturing town, to ascertain 
by the rumbling noise sometimes heard at a distance of 
several hundred yards, that all is notas it should be for the 
safe and economical transmission of the power of the steam 
, the 





walls to keep the wall xes in their 





places ; the whole object in the construction of the factory 





being to secure a rigid and imfnovable structure, a matter 
which is very difficult to attain. 

In the case of rope gearing, the ropes by which the power 
is transmitted consist of an elastic substance, and their 
lightness, elasticity, and comparative slackness between the 
pulleys, are highly conducive to their taking up any irre- 
gularity that may occur in the motive power. This ac- 
counts for the slight attachments that are required for 
shafting driven by ropes from a ved flywheel, and it 
is the sare with all the bearings throughout the mill, the 
shafts in the various flats only requiring a light wall box, 
bracket, or the bearing may be carried on a column of the 
mill. The cost of a up a mill with rope gearing is con- 
siderably less than with tooth gearing, when the shafts to 
be driven revolve at a high speed, but the cost is about the 
same in other cases. It is however rather difficult to give 
exact figures for this comparison, one t saving being in 
the foundations of the engine, the wall boxes, and the extra 
strength of the walls required for upright shafts. 

The great advantage of rope gearing, however, is the 
entire freedom from any risk of a breakdown ; when a rope 
shows symptoms of giving way—and ropes always give 
symptoms of weakness long before they break—the weak 
rope can be removed and another put in its place at any 
meal hour or evening. The cost of the maintenance of ropes 
for transmitting 490 indicated horse power has been found 
to be 207. per annum, or about 5/. per 106 indicated horse 
pewer per annum. This is made up of the cost of renewal 
of the ropes, and occasional wages for tightening them. 
Some ropes have been found to run 10} years, but as a 
general rule the life of a rope may be said to be from three 
to five years, though even five years has been often much 
exceeded. 

The friction of rope gearing has been found to be, for 
high speeds, considerably less than that of toothed gear- 
ing ; but the writer regrets not being able to give definite 
information on this point, which is a very important one to 
those contemplating altering their gearing or building new 
works. The reason why no definite information can be 
given—beyond the universal impression of those who have 
adopted them, that ropes require Jess power to drive than 
toothed gearing—is that in all cases where rope gearing has 
been substituted, other alterations have been made at the 
same time, or the engines were after the alteration driven 
at an extra speed of 1 or 15 revolutions per minute. How- 
ever, every one who has substituted rope gearing for toothed 
gearing, — in bearing testimony to the great im- 
provement and steadiness of driving obtained after the 
alteration, and that they are enabled to turn off a greater 
weight of yarnsfrom the machinery in the same time. 
The tendency at the present time, with the introduction of 
shorter hours of labour and foreign competition, being to 
increase the speed of shafting and machinery, to be able by 
this means to increase the speed of the shafts must be of 
great advantage to those who own old mills, the toothed 
gearing of which is generally driven as fast as it is safe to 
drive it. 

The ropes used for rope gearing are made of hemp care- 
fully selected ; the qualification of a good rope being that 
the fibres are as long as possible, and that the rope should 
be well twisted and laid, and yet be soft and elastic. Itis 
also very important that the ends of the ropes should be 
united by a uniform splice—the splice should not be of a 
greater diameter than the other part of the rope ; to effect 
this object the splice is made about 9 ft. or 10 ft. long. 

The comparison between rope gearing and toothed gear- 
ing having been made, it remains to compare ropes and 
leather belts, which latter have been lately used in the 
manufacturing districts of Lancashire and Yorkshire, for 
the transmission of large powers. The writer has not been 
able to obtain very satisfactory information as to the 
amount of power absorbed in friction by large belts ; in some 
cases it has been said to be more and in some less than with 
toothed gearing. The most trustworthy information he has 
obtained is in the case of a four story woollen mill, where 
an upright shaft with bevel gearing was replaced by two 
belts, one 22 in. wide and ‘the other 17 in. wide, the power 
transmitted being 400 indicated horse power, and the speed 
of the belts 3000 ft. per min. The driving pulleys are on 
the second motion shaft. In this case the power is stated to 
be the same with the belts as it was before the alteration ; 
but, as in the case of rope driving, the ‘‘ turning’’ is found 
to be much superior to what it was before the alteration. 
The width of the pulleys for ropes is generally rather less 
than for belts transmitting the same power ; but there is 
some difference of practice as to the width of belt used for 
transmitting a certain power. The cost of hemp ropes is 
considerably less than of leather belting, the cost of hemp 
ropes being about 1s. per bynes against 3s, per pound for 
leather belts. The groov owe for ropes cost more than 
plain pulleys, but making allowance for this, the total cost 
of ropes and grooved pulleys for transmitting a given power 
does not exceed one-half or two-thirds the cost of leather 
belting and flat pulleys. The advantage of ropes over belt- 
ing, however, lies in the power being divided up into a 
number of ropes, so that in the case of any one of the ropes 
showing symptoms of weakness, that rope may be removed 
by stopping the engine for a few minutes, the remaining 
ropes continuing to do the work until a stoppage of the 
engine occurs. In the case of belting, as only one belt is 
employed to drive one flat of a mill, if anything were to 
occur to the belt, the whole of that flat would be stopped 
until the belt was repaired. 

Judging from the practice adopted, the comparative 
amount of power transmitted by certain sizes of ropes and 
widths of double belts, the writer finds that a 6 in. cireum- 
ference rope does about the same amount of work at a 
= speed of say 3000 ft. per minute as a belt 4 in. broad. 
This width, however, represents the smallest width adopted 
as a rule, 5 in. oerresponding to the American practice ; but 
oss 4 in. belt, the bearing surface of a 6} in. circum- 


erence 
palley will be half the ciroumference, or 85 in., and allowing 
the rope 4 in. width of bearing on each side, or 1 in. for 
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both sides, the total bearing surface is 85 x 1 = 85 square 
inches, whilst the belt has 85 x 4= 340 square inches, or 
four times the amount. Consequently, in order that a 6} in. 
circumference rope may transmit as much power at the 
same tension as a4in. belt, the effective pressure per square 
inch of the bearing surface of the rope on the pulley must 
be at least four times as great as that of the belt. 

In order to obtain some information bearing on this point, 
a set of experiments have been made by Mr. A W. Pearce, 
at Lilybank Foundry, Dundee, the results of which are given 
in the following Table. The experiments were made with 


Experiments on the Friction of Ropes and Leather Belts 
on Cast-Iron Turned Pulleys. 
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Note—The rope pulley used in these experiments was grooved 
for 6$iu. circumference of rope. 


the materials at hand; both the pulleys were just as they 
came from the lathe, and equally smooth, and they were 
nearly the same size, as named in the Table. Comparing 
together Nos. 2 and 5experiments, it is seen that a 6 in. 
circumference ungreased rope,'with 336 lb. suspended at one 
end, and passing over a 4 ft. 9 in. grooved pulley which was 
at rest, required only 28 lb. at the other end to prevent 
slipping ; whilst a half-worn good = ¢ leather belt 4 in. 
wide, with the same weight at one end, and passing over a 
4 ft. 6 in. pulley required 113 lb. at the other end to prevent 
slipping, or about 4 times as much as with the rope. The 
bearing surface of the rope would be only about one-fourth 
that of the belt, and the effective pressure per square inch 
of the bearing surface of the rope was consequently in this 
case 16 times as great as that of the belt. In the experi- 
ment No. 4a double leather belt 6 in. wide and # in. thick, 
with the same weight at one end, and passing over a 4 ft. 
6 in. pulley, required 98 lb. at the other end to prevent slip- 
ping, or 3} timesas much as with the 6 in. circumference 
rope. The experiments show however such a great dif. 
ference between the results with different sizes of ropes, as 
to make it impossible to come to any definite proportion be- 
tween the friction of ropes and belts ; but they show, as 
was to have been expected, that ropes have a consider- 
ably greater hold on the V-shaped grooves per square inch 
of bearing surface than flat belts have on pulleys. 

The writer has been informed that in the United States 
several rolling mills are driven by means of flat leather 
belts, and that very satisfactory results are obtained by 
their use, and he wishes to draw the attention of members 
engaged in this department of manufacture to the suitability 
of rope gearing for this purpose. Although he is not aware 
of any practical example of its having been applied to 
driving rolling mills, he is confident that from the slackness 
with which the ropes can work, and the hold they have on 
the grooves of the pulleys, they would be admirably adapted 
for taking up the shock which is thrown upon the gearing 
of a train of rolls when the iron enters the rolls. 








THE EFFECT OF AIR JETS. 

THIs curious phenomenon of a ball sustained by an 
inclined current of air, which is shown by the Westing- 
honse Air Brake Company, in the Centennial Exhibition, has 
attracted considerable attention, and was mentioned by 
several members at one of the regular meetings of the 
Technical Society (Technische Gesellschaft) of Philadelphia. 
At the following meeting Mr. H. Bilgram suggested an 
explanation, which, together with the most interesting 
points of the discussion following the discourse, are here- 
with offered to the public notice. 

The Phenomenon.—In exhibiting the Westinghouse air 
brake, Machinery Hall, Column D 68, a receiver filled with 
compressed air, at about 70 lb. pressure to the square 
inch, is required. When the brake is not shown in oper- 
ation, the air of the receiver, being continually supplied by 
an air pump, is allowed to escape through a nozzle of about 
din. bore, set to a vertical inclination of about 30 deg. 
Over this jet of air is placed a ball (see Fig. 1), which 


o—_ FIG.2 





remains afloat in the air without any visible means of sus- 
ension. There are five balls; a solid glass ball of 14 in. 
meter, two solid wooden balls of 3 in. and 33 in. diameter, 
and two hollow rubber balls of 3 in. and 5 in. diameter, each 


of which, when placed in the jet, will show this phenomenon. 
Even more curious it appears when two balls are suspended 





simultaneously ; the current of air, after leaving the small 

lass ball, being sufficiently strong to give support to the 
tamed of the rubber balls. The impression this experi- 
ment creates is very striking i . As a rule, the 
suspended ball rotates very rapidly in the direction shown 
by the arrow, but sometimes it remains stationary, owing 
to the fact of the centre of gravity not coinciding with the 
gyi centre; for the same ball once made to rotate 

y an external force, will continue the rotation with 
increased speed. The vertical inclination of the jet may be 
changed to about 45 deg. before the ball loses its state of 
suspension and drops off. 

A similar phenomenon, a ball dancing on top of the 
water-jet of a fountain, is often seen, and will likewise 
remain sustained if the jet is more or less inclined. 

The Explanation.—The investigation of the cause of 
this phenomenon was commen with an examination 
of the course the air current takes in striking the 
This investigation revealed the fact that the current a b 
(Fig. 2), instead of leaving the ball in the line b c, as might 
be expected, follows the curvature of the ball along the line 
b d, and at length leaves the ballin the linede. A light 
ball, when placed in the jet, is struck nearly centrally Gee 
Fig. 3), the current envelops the whole ball and unites again, 
leaving the ball in the line de, appearing as though the cur- 
rent was passing through the ball. It can, however, easily 
be found that the upper branch of the current is stronger 
than the lower one. 





By a series of subsequent experiments, it was found that 
any current of air striking a convex surface, has the ten- 
dency to follow that surface. Oné of these experiments is as 
follows: Attach to one end of a small tube, about fin. to 
4 in. diameter, and 4 in. to 6 in. long (which may be made 
by rolling up a piece of writing paper), a piece of thread or 
yarn, about 4 in. to 5 in. long. Blow through the other end 
of this tube and direct the current against an object with a 
convex surface. The thread, following the current, will 
indicate a deflection as indicated by Fig. 4. 

After demonstrating this fact, the next step was to find 
its cause. It is well known that any current to carry 
along with it the surrounding particles of air; hence, the 
supposed currents b c (Fig. 2), being freely supplied with 
air from the left side only, will create a rarefaction of air 
in the angle c bd. 
pressure, and will therefore be deflected, as mentioned, and 
follow the curvature of the surface until it meets a counter 
current sufficiently strong to prevent a further rarefaction. 
If this view can be substantiated, it is plain that two 
external forces are acting upon the ball. One, the impact 
of the air current at 6b, transmitted at right angles to the 
surface, acts radially, and can be represented by the line o p. 
The other force, o g, is occasioned by the surplus pressure 
of the atmosphere on the lower side of the ball, over that 
of the rarefied zone under the curved current,, and com- 
bined with o p it forms the vertical resultant 0 r, by which 
the weight of the ball is sustained. The rarefaction of air 
under the deflecting current can be proved by the following 
experiments : 

Cut a small hole, say } in. square, in a cardboard, fasten 
over this hole a cover of the same material, by means of a 
strip of thin paper and mucilage, to form a valve, and bead 
both the card and the valve into a cylindrical form. Tf now 
a current of air is directed against the card, as shown in 
Fig. 5, the valve will open wide, showing the pressure 
under it to be greater than that above it. 
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Or, take a strip of ordinary paper, about 1 in. to 2 in. 
wide, lay it over a cylindrical surface and blow against it in 
a nearly tangential direction. The end of the strip will 
then rise as shown in Fig. 6. 

Quite a number of other experiments might be mentioned, 
showing the same facts. 

The rotation of the ball is produced by the friction of the 
air current passing over the ball, and is therefore a 
secondary result. 

The phenomenon of deflection of a current when striking 
a convex surface can be brought to bear on geographical 
and meteorological facts. The Gulf Stream follows the 
curved shore of the United States, for the identical reason 
that the erial current follows the shape of a cylinder or a 
globe, and takes a course which otherwise it would not take. 
When a current of the higher strata of the atmosphere 
strikes the peak of a mountain it will be deflected, follow 
the sides of the mountain, and will sweep the valley. 
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the blasting of Hell Gate, states that the reef at Hallett’s 

on has been examined by divers who report a thorough 
reak up. 





It is thus exposed to a one-sided | ta 





FOREIGN AND COLONIAL NOTES. 


Our Relations with China.—A treaty has been concluded 
between Great Britain and the authorities at Pekin, which 
t) up four additional ports to Western commerce. One 
of these ports, it would appear, is within 20 miles of Nan- 
kin, on the Yangtsae, and also within easy access of the 
grand canal leading to Pekin. 

Gunboats for South Australia.—A proposal has been 
made by a commission appointed to consider the defence of 
South Australia that pd sper par oy of that colony should 

urchase from the Lords of the Admiralty three right 
ught double screw iron gunboats. 

The Streets of New York.—New York has about 800 miles 


of streets with pavements of various descriptions—tra 
block, cobble stone, Tilford McAdam, granite block, Sas 


ball. | concrete over cobble stone, and concrete plain, to say 


nothing of gravel and earth centres and McAdam sides. 
Trap block appears to be the most popular system of pave- 
ment in vogue in the city. 


The ray ay oy —The latest report from the Mississippi 
jetties is that the South Pass jetty channel has now a 
depth of 22ft. 3in., and that the bar does not form in 
advance of the construction of the jetties as was at one time 
thought likely to be the case. 


Locomotives on the Grand Trunk.—No new locomotives 
were placed upon the Grand Trunk Railway of Canada dur- 
ing the half-year ending June 3U, 1876. At the close of 1875, 
the stock of engines upon the system was 434, viz., 
passenger, 67 ; goods, 35 ; and shunting, 8. 

Philadelphia and Reading Railroad.— This system 
appears to have done a considerable business in September. 
Thus it carried 633,573 tons of coal, 226,000 tons of mer- 
chandise, and 1,400,000 passengers. On one day during 
the month as many as 186,000 persons passed over the 
system. The capital account has, however, been extended 
very rapidly, upwards of 90,000,000 dols. having now been 
expended upon the undertaking. 

Fuel on the Grand Trunk.—In the six months ending 
June 30, this year, the quantity of coal supplied for con- 
sumption to the locomotives of the Grand ‘l'runk Railway 
of Canada was 87,790 tons, as compared with 69,310 tons 
in the corresponding period of 1875. ‘The quantity of peat 
supplied in the first six months of this year was 1338 tons, 
as compared with 5070 tons in the corresponding period of 
1875. Rather less wood appears to have been used this 
year. 


Profit on the Grand Trunk.—The profit realised by the 
Grand Trunk Railway Company of Canada in the first 
half of this year was 2U2,412/., as compared with 191,688/. 
in the corresponding period of 1875, Although the profit 
realised by the company may appear considerable, we need 
scarcely state that it was quite inadequate to satisfactorily 
pesenempte the very large capital engaged in the under- 

g. 

Railways in Russia.—An official Russian return shows 
that the aggregate extent of line in operation in Russia in 
July was 17,608 versts, against 17,006 versts in July, 
1875. The aggregate receipts of all the Russian lines in the 
first seven months of this year amounted to 78,687,420 
roubles, against 81,217,899 roubles in the corresponding 
og of 1875, showing a falling off of 2,430,479 roubles 

is year. 


Railway Matériel in Germany.—Contracts of some im- 
portance for rails, bolts, fish plates, locomotives, &c., are 
about to be let at Wilhelmshaven, Altona, and Breslau. 


Gas in Belgiwm.—The sales of gas effected by the 
Belgian General Company for Lighting and Heating by 
Gas amounted in the twelve months ending August 31, 
1876, to 574,799,743 English cubic feet. The corresponding 
sales in the twelve months ending August 31, 1875, 
amounted to 545,778,16U English cubie feet, so that the 
business of the company expanded in 1875-6 to the extent of 
29,021,183 English cubic feet. 


Rolling Stock on the Grand Trunk.—Taking the entire 
expenditure in the mechanical department of the Grand 
Trunk Railway of Canada, the rate per car mile (represent- 
ing the whole work performed) was in 1876 2.62 cents, 
while in 1872 it was 3.45 cents, showing a reduction in 1876 
of 0.83 cents, or about 24 per cent. The price of fuel was 
considerably lower in 1872 than in 1876. 


The German Mercantile Marine.—At the commencement 
of 1876, the German mercantile marine comprised 4745 
vessels of an aggregate burthen of 4,084,882 tons, and 
carrying in all 42,362 men. The first two totals were made 
up as follows: Sailing vessels, 4426, of an aggregate 
burthen of 901,313 tons; steamers, 319, of an aggregate 
burthen of 183,569 tons. During 1875, the additions made 
tothe German mercantile marine comprised 123 sailing 
vessels and 20 steamers. 





Opp VoLuMEs.— We notice the announcement by Messrs. 
Morris and Co., of Shoe-lane, of a new periodical entitled 
The Odd Volume Register and Book Exchange. Messrs. 
Morris and Co. say in their prospectus: ‘‘ In every library 
and collection of books are to be found odd volumes, at 

resent quite valueless for want of a proper market. And 
in every library there are valuable sets of books spoilt 
the loss of these same volumes. To reunite these pa sc rat A 
or valueless fragments, and thus restore them both to their 
utmost value ; to save the trade, the reader, and collector 
all the trouble of searching and hunting for odd volumes, 
rts, and scarce books ; to publish their wants in the widest 
and best possible form and at the smallest ible cosh; 
these are the objects of our little periodical.” The object 
thus set forth is an excellent one, and if carefully carried 
out The Odd Volume Register wiil do good service. 
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Dupuicatine CasBuEs.—The Eastern Extension, Aus- 
ia, and China Telegraph Company (Limited) will 


Rangoon. 


repairing its 


SuBMARINE CABLE Reparrs.—In the six months ening 
June 30, 1876, the Eastern Extension, Australasia, an 


VicToRIAN TELEGRAPHY.—A line of telegraph has been 


recently extended to Lilydale. The gross revenue of the tele- 


tralasi 
lay early next year its second cable between Pe and | China T: h Com Limited), expended 98231. in hs of the Victorian Government in 1875, amounted to 
4 4 —_ clegragh on — $6,995. ; ; an increase of 4170/. as compared with 1874. 
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IRON AND STEEL AT PHILADELPHIA. 
No. I. 
MANUFACTURES AND WORKS IN THE UNITED STATES. 

TuE display of iron and steel in the Centennial 
Exhibition at Philadelphia is very large; it is for 
most countries, characteristic; it is on the whole 
creditable as to quality and fabrication, and as illus- 
trating progress in the art ; it is, therefore, interest- 
ing and instructive. Although the exhibits are, as 
we have said, usually characteristic of the state of 
the art in different districts, they are very meagre 
for some largely producing districts, especially 
Great Britain, and very complete and splendid for 
other districts from which the output is compara- 
tively small, especially Sweden. 

The United States display not only iron ore and 
its associated coals and fluxes in some hundreds of 
tons of samples, and in conspicuously large samples, 
from its numerous iron regions, but also a large 
number of exhibits, some of them quite complete 
and costly, of its manufactured iron and steel. 
These are chiefly the more common rolled forms, 
rails, plates, sheets, bridge shapes, beams, tyres, 
and all varieties of bars and wire; and numerous 
forms of cast-iron car wheels, machinery castings, 
small drop forgings, and hardware. There are very 
few steel hammer forgings, and none that are large 
and complex; no steel guns or carriages, or heavy 
shafting. Quality for different uses is proved, 
often inadequately, but sometimes very completely, 
and the character of workmanship and finishing ma- 
chinery is largely illustrated. ‘The exhibits of the 
United States thus teach, abundantly and in detail, 
that its natural resources are vast, various, and well 
distributed ; that its manufacture by the more 
common methods, especially rolling, is on the whole 
superior, but that it has not largely developed in the 
more elaborate methods of forging or otherwise pro- 
ducing heavy and difficult masses, and that the 
quality of its iron and steel is as high as that ob- 
tained elsewhere from similar raw materials, and in 
Some cases as high as any exhibited. Any superiority 
or inferiority of plant for producing crude wrought 
iron, or ingots, or pig, is not of course illustrated by 
the iron and steel exhibits, 

The Swedish exhibits, as exhibits, are more con- 
secutive, complete, and instructive than those of 
any other country, and they confirm the general 
oa that as regards quality of iron ore and 
skill in steel manufacture, Sweden stands second to 
no other country. The manufacture covers every 
variety of product from plain bars and small forgings 
of great excellence to elaborate and massive forgings, 
not however of the very largest type. The grading 


of steel, by which uniformity, that chiefest of present 





(For Description, see Page 403.) 
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wants, is to be supplied, and excellence of quality 
in both high and low grades, are most completely 
illustrated. The exhibits however do not illustrate 
the embarrassments of the Swedish manufacture due 
to its peculiar situation as to fuel and transporta- 
tion, nor the character of its machinery for pro- 
ducing crude iron and steel as affecting quality and 
economy. The Fagersta, Motala, and Sandvik ex- 
hibits are conspicuous. 

The iron display of Norway is confined to the 
“ship” of the Cathrineholms Works, which is 
rigged with cold-knotted iron bars in a manner 
equally striking to the ordinary observer and to 
the expert. The general impression of Norway 
iron is confirmed by this most interesting and 
unique display. But it is not proved that this 
exceptionally good make of wrought iron is not 
giving way before the advance all along the line 
of the cheap and tough steels. 

The exhibits from Great Britain are characteristic 
of quality, as far as they go, but not of range nor 
of extent of manufacture. While the ordinary 
observer would rank them far below those of the 
United States, an expert, knowing nothing of the 
iron and steel business in Great Britain, would 
infer great range and unrivalled facilities. No 
country can be other than great in this industry, 
which could produce Brown’s and Cammell’s armour 
plates, the West Cumberland Company’s plates and 
tyres, the Landore exhibits of Admiralty samples, 
and the tin-plates and fine wire of half a dozen 
makers—insignificant as the whole exhibit is in 
amount and display of quality. ‘There are no 
elaborate forgings, no great beams and plates, none 
of those cheaply produced constructive shapes, 
having great ranges of temper and adaptation, which 
are, to.a great degree, the strength of the British 
iron and steel manufacture. 

The exhibits from Germany are few, but very 
good, that of Krupp, with its 11-in. breech-loading 
steel gun and carriage, being superior to all others 
in Philadelphia, in general impressiveness, and 
rivalling even Sweden in the completeness and con- 
secutiveness of its display of raw materials and 
grades of products. Borsig ranks next, with large 
plates and excellent Haswell press forgings in steel. 
The Burbach Works show a fine array of rolled 
beams. This, with the collective exhibit of 
spiegeleisen, nearly completes the German iron 
metallurgical catalogue. If we except Krupp’s 
display, which is sui generis, and possibly the 
Haswell press products, which are not specially 
characteristic of German manufactures at large, the 
expert would not infer from the articles shown, that 
German manufacturers are in possession of any ex- 
traordinary skill or machinery or facilities, The 








exhibit, however, as such, is very good; it shows 
a high state of the art; and while it is small for 
Germany, it is larger than that of any foreign country 
except Sweden. 

The same creditable mention in kind, although 
less in degree, may be made of Russia, The number 
of exhibitors is small, but the display of each is 
good in extent and quality. The Demidoff steel 
and iron plates, bars, and rails; the Pooteeloff 
Bessemer axles, wheels, and rails, and the Kama 
rolled shapes of difficult section, are conspicuous, 
The exhibit proves that the industry is well 
advanced in the matter of quality and of facilities 
for poner large masses, but it does not prove 
much as to general character of the more ordinary 
forms of iron and steel manufacture, in respect of 
either quality or finish. 

Belgium makes what may be called a compara- 
tively creditable display, although her great works 
at Seraing are unrepresented. ‘The iron forgings of 
Mabille, in the remarkable Chaudron shaft-sinking 
apparatus, are notably excellent, The Charleroi 

orks provide good quality of iron, the Angleur 
Works good Bessemer steel in various shapes, and 
the Régissa Works excellent sheets of steel and 
iron. ith the exception of the beams of several 
works which are chiefly short sections, giving little 
evidence of quality but much evidence of facility of 
manufacture, the Belgian exhibit is hardly charac- 
teristic. 

The French show of stamped wrought-iron wheels 
from two establishments at Rive-de-Gier are ex- 
ceptionally good. But the well-known variety and 
excellence of shipbuilding and constructive steels 
produced at Le Creusét and Terrenoire are con- 

icuous only by their absence. The French dis- 
play is therefore incomplete and far from charac- 
teristic. 

Several other countries, especially Spain, exhibit 
good iron ores, but not in a way to indicate the 
extent and commercial character of the iron and 
steel developments in those countries. 

Asa whole, the exhibit of iron and steel at Phila- 
delphia, supplemented in respect of England, France, 
and Belgium especially, by the current knowledge 
of the manufacture in those states, would seem to 
indicate that the iron and steel-producing countries 
are steadily and somewhat uniformly advancing in 
respect of the quality and cheapness, and hence the 
large introduction of steel for structural purposes. 
The industry in the United States is somewhat ex- 
ceptional in two particulars, the adaptation of steel 
is not yet so general as it is abroad, partly because 
the manufacture has been comparatively undeveloped 
and expensive, and has but' recently been vastly 





improved and cheapened, and partly because the 








eee Se 


= 


= tet x al. 


a 


398 


ENGINEERING. 





[Nov. 10, 1876, 





and more elaborate masses and forgings 
have not been largely called for or pees for 
financial and engineering reasons which are peculiar 
to a comparatively new country. But the United 
States will have n more than compensated for 
these drawbacks, by its conspicuous improvement 
in several important branches of the iron and steel 
manufacture, especially in the Bessemer and rolling 
departments. 

t is proposed in this series of articles to describe 
briefly the more important features of European iron 
and steel exhibits at Philadelphia, and to trace from 
them the character and direction of existing and 


probable improvements. It is also proposed to | 


consider the exhibits of the United States in the 
same manner, but in connexion with an account of 
the larger and more improved works in that country. 
The descriptions and numerous illustrations of 
American plant and machinery will perhaps form 
the more interesting and useful features of these 
papers. 





MACHINE TOOLS AT THE PHILA- 
DELPHIA EXHIBITION.—No. XII. 
Woop-Workine MACHINERY. 

Tue display in the Machinery Hall of machine 
tools for wood working is quite a prominent one, 
although by no means so great as the extent of the 
wood-working interest in America would lead one 
to expect. On the whole the machinery is very well 
made, and with a few exceptions is no doubt better 
than those familiar with American practice in this 
line expected to see. During eight or ten years past, 
since the establishment of the business of Richards, 
London, and Kelly in Philadelphia, there has been 
considerable advance made in the design and fitting 
of wood-working machines, The firm named set 
out boldly in what the Americans call a ‘‘ departure” 
from precedents, and produced a new and improved 
class of machines for the heavier kinds of work. 


movements eno to construct a lesson chart 
from, Every maker seems to have tried to invent 
some new way of fastening the logs, and to have 
succeeded, too, as there is but little analogy between 
the different devices, except as to their efficiency ; 
in this respect one seems to be as good as another, 
| and none of them better than what was employed a 
| hundred years ago for similar purposes, 
| That part which seems most strange in respect to 
these ‘‘ saw mills” is, that with all their waste of 
wood and power, they are comparatively slow in 
cutting lumber. A gauge frame would not only 
|reduce the timber in less time, but would avoid 
waste, and produce lumber the dimensions of which 
| would be more exact. 

One of the strangest things connected with 
| American industries, is the tenacity with which 
| people cling to a few exceptional ideas and customs, 
| while in all beside conservatism is hardly known. 
| One thing of the kind is in connexion with lumber 
| sawing and working, which, if noticed here, will hel 
to explain why ‘circular saw mills” are employed, 
and some other matters to be spoken of in a future 
place. We allude to what may be called the lumber 
*¢ unit” in America, which is 144 eubic inches, and 
the custom of sawing lumber to all kinds of sizes 
when green and in the forest. 

Opposed to this is the practice of the whole world 
so far as we know. Every country has a lumber 
unit, which is divisible into nearly all shapes and 
dimensions — in woodwork; forinstance, deals 
8 in. thick and 9 in, or 1] in, broad is the lumber 
‘unit in Europe. A stock of lumber suited for nearly 
every use consists of these deals, nothing else is 
known, and nothing else required, but in America a 
stock of lumber to sell from must include a con- 
fusing number of dimensions, both of thickness and 
width, Lumber yards do not, as a rule, cut lumber 
to dimensions, and the wood factories generally, 
procure boards or planks of the thickness required, 
and do not employ sawing machines as in Europe. 





Others have followed, and in many cases copied the 
machines made in Philadelphia, as a look through 
the Machinery Hall will prove. The general result, 
as _— said, has been to raise the standard of wood 
tools, 

The sawing machinery for logs is placed in a 
separate shed. To this department some attention 

ill first be given, and the cutting and shaping 
machines afterwards noticed. It is questionable 
whether there was ever before in any country col- 
lected together a lot of machinery more rude, un- 
couth, and wanting in proportions as the “circular 
saw mills,” which make up nearly all the sawing 
machinery exhibited in the annexe just alluded to. 


™ Wide lumber appears to be valuable in America, 
but for what reason no one seems to understand. 
When in conversation with a maker of some wood 
machines, which were arranged to receive lumber 
24in. wide, we asked to what use lumber of this width 
was applied. The answer required some time, and 
was evidently an evasion. Looking around in the 
Machinery Hall, a vast building mainly of wood 
and covering 14 acres of ground, the maker of wide 
machines was asked if he could point out a single 
board or other piece of lumber in this structure 
the dimensions of which would exceed 14 in. None 
could be seen, and indeed none exists unless for 
some very exceptional purpose. If a board or plank 





We shall hereafter explain, as far as we can, some 
of the reasons which have called together so extra- 
ordinary a display of sawing machinery in a countr 
where nearly every improvement is known and used, 
but there is no intent to excuse or defend a mode of | 
sawing which every one familiar with European 
practice must set down as crude and imperfect, A 
circular saw mill is svi generis an American invention 
—a thing developed to meet a local want, where 
timber is om | and lumber dear, a kind of wasteful 
contrivance which slits up a log one board at a time 
in straight lines, regardless of shape or grain. 

The * mills” consist of either one or two circular 
saws, with a carriage for moving the logs past the 
saw or saws. If two are employed one is placed 
over the other, and in the same e, so as to meet 
in the kerf. The logs are pevel forward the thick. 
ness of a plank at each cut by means of movable 
standards sliding on metal cross rails laid on the top 
of the carriages, and called ‘‘ head blocks.” Why 
a ‘* block,” or if a block why a ‘“‘ head” one it would 
be useless to inquire, relevancy in technical names 
is a thing apparently never thought of in America, 
The course of the saws is straight, as before men- 
tioned, regardless of grain or shape, and the kerf 
wasted at each cut is more than one-fourth, and in 
some cases nearly three-eighths of an inch, so that 
in sawing a log into boards | in. thick more than a 

uarter of the timber is converted into sawdust. 
The point-of emulation between the different 
makers of these ‘‘ mills” is the speed of cutting. 
Waste, accuracy, expense, and so on, are not spoken 
of. The object is to ‘‘consume” as much wood as 
possible in a given time. 

The proportion of parts gives ample evidence of 
the crude construction and uses of these mills, the 
belts to drive the different saws vary in width more 
than as one to two, The carriage irons are irregular 
in thesame proportion, while the means of ‘‘ clogging” 


were 24 in. wide, evidently the best thing to do with 
it would be to saw it into two or more pieces, or 
what would be better, would be to saw the timber 
into deals, 3 in. or 34 in. thick and 12 in. or less in 
width, to be resawn after transportation, and when 
they are to be used. 

These thin boards 1 in. thick, and of every con- 
ceivable width, between 6 in. and 24 in., form the 
lumber of commerce in America, The lumber will 
not fit into vessels or wagons, except laid up in 
strata of uniform thickness, is liable to be split in 
handling, and both its surfaces become covered with 
grit and dust. The waste of sawing to small di- 
mensions with a kerf of ¥, in. to # in. is also to be 
counted against this wasteful system, because in re- 
sawing deals the kerf waste would be less than one 
half as much, To lengthen this discussion we might 
go on to point out many more disadvantages and in- 
conveniences resulting from this peculiar lumber 
system. There may be at the same time some 
reasons in its favour, there must be indeed some such 
reasons, but we incline to the opinion that the 
principal one is that the custom is American, and 
therefore right, a mode of reasoning applied to 
many things in the United States. 

Two Swedish frame saws, shown in the Ma- 
chinery Hall, are very good specimens of European 
practice. The machines are not so heavy as English 
oves of the same capacity, but taking everything 
into consideration there is no example to compare 
with them in the Exhibition, and it is a matter of 
regret that there was not at least one of them 
erected in the sawing shed, where a trial could have 
been made with the circular saws we have been com- 
plaining of. 

An experienced engineer, the manager of one 
of the most extensive lumber companies in Canada, 
in watching the operation of the circular saws, re- 
marked that he could on his own machines reduce 





or fastening the logs, would furnish mechanical 


logs of almost any dimensions to boards at the rate 


of 10 lineal feet a minute, and that even at this 
speed the grain of the wood could be followed to 
some extent when the logs were crooked. The only 
fair conclusion to be drawn from the sawing exhibits 
is that the machines shown are portable, a kind of 
ironmongers’ merchandise, sold at so much a piece, 
and that commercial rivalry has been the principal 
motive in exhibiting. Every one acquainted with 
America knows that sawing machinery of the best 
and most improved kind is employed, but such 
machinery is not made portable as in Europe, and 
could not well be shown at the Exhibition without 
expensive buildings to support the machinery. 
Some of the American lumbermen denounce in no 
measured terms the whole exhibit of sawing ma- 


chinery. 
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History of Merchant Shipping and Ancient Commerce. 

B W. S. Linpsay. In four volumes. With numerous 
Tilustrations. London: Sampson Low, Marston, Low, 
and Searle. 


(First Notice.) 

THe four volumes under the above title which 
Mr. W. S. Lindsay has given to the world, are 
destined to rank high among English standard 
works, and to become a lasting monument to the 
untiring research and profound knowledge of the 
author on mercantile shipping and commerce. Most 
of our readers are probably aware that Mr. Lindsay 
sat in the House of Commons for some years 
asmember for Sunderland. At that time he took a 
very active part in politics and especially in shipping 
legislation. His practical acquaintance with trade 
and mercantile affairs, added to his great ability and 
force of character, made him an authority, and 
enabled him to exercise considerable influence in 
the House over the formation of our shipping laws. 
In those days also Mr. Lindsay’s name was a power 
in the City of London, and he ranked among the 
foremost of those who by their intelligence and 
enterprise lead the van, and give form and direction 
to the ever-flowing stream of commercial develop- 
ment, which in the present century has swept onward 
with surprising rapidity. 

Compelled by a severe infliction to abandon 
active business and political life, Mr. Lindsay’s 
mind still ran upon his favourite subject of the 
mercantile marine, and he undertook the stupendous 
task of writing the ‘History of Merchant Ship- 
ping and Ancient Commerce.” Such a work as 

e has just completed has been much needed. 
Charnock’s history of ‘‘Marine Architecture,” 
Steinitz’s history of ‘‘ The Ship,” and other works 
have dealt largely with particular branches of the 
subject, but much was still left undone, and Mr. Lind- 
— sn unquestionably opened up a new and extensive 
field of inquiry and one requiring much breadth and 
comprehension in its treatment. The work before 
us has evidently been to Mr. Lindsay a labour of love 
as well as of duty, and this fact has doubtless sus- 
tained and sweetened his labours and must have 
in a great measure contributed to the successful issue 
of his vast undertaking. He says in his introduction 
to the first volume, ‘‘'To trace the origin of naviga- 
tion, and to detail the numerous steps by which the 
merchant vessels of the great trading nations of the 
world have reached their present state of perfection ; 
to record those discoveries in science a art con- 
nected with navigation, which enable the mariner 
to cross the ocean without fear and with unerring 
certainty ; to dilate upon those triumphs of man’s 
genius and skill, whereby he can bid defiance to 
the elements; and to enter in these pages the 
names of the men who have benefited mankind 
by their maritime discoveries, or by affording greatly 
increased —_— for intercourse between nations, 
is to me a task of the most gratifying description.” 

The ships of old which skirted the eons of the 
Mediterranean, the Red Sea, and the Persian Gulf 
were more or iess influenced by the events which 
transpired within the countries to which they traded, 
and a history of the shipping of those early days to 
be intelligible must present an outline more or less 
marked of each period of the history of the ancient 
known world, And as we come down to later times, 
and find the mercantile marine spreading out over 
distant oceans and forming a bond of union between 
remote continents, the task of the maritime historian 
becomes more onerous. In dealing with the present 
century the historian has to extend his view over a still 
wider field, and practically has to grasp and depict the 
salient points in the modern commercial intercourse 





of the world. Ships are now, owing to the electric 
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raph, kept far more under the control of direct- 
pag oy bat than at any former period, but 
they have always been controlled more or less 
directly by landsmen, and in all times they have 
depended for their prosperity on the conditions 
of the trade which could be carried on in mer- 
chandise between their several ports of call. 

Shipping in one sense is merely a@ means of 
developing trade, and active trade is consequently a 
necessity to the useful employment of shipping ; 
they should, therefore, be considered more or less 
in conjunction, and we are glad to find that Mr. 
Lindsay has united them in his work more closely 
than has usually been done in preceding works on 
shipping matters. ‘ 

We regret that space will not allow us to do more 
than touch lightly on some of the main features of 
this work, for the four volumes before us are full of 
intensely interesting matter conveyed in terse and 
vigorous language. ‘There are some points perhaps 
here and there on which we are not entirely in accord 
with the author, and to these we shall hereafter 
refer, but we may say at once that the work is one 
which should be in the library of all intelligent ship- 
owners, shipbuilders, merchants, underwriters, 
brokers, and others interested in maritime and com- 
mercial pursuits, and what is more, it will be found 
eminently readable and full of interest for them, and 
it will well repay their careful study. 

To begin at the beginning, we have of course a 
discussion of the probabilities of man in the primitive 
state learning to float down rivers on logs of timber, 
and then eventually progressing through the various 
stages of river navigation on inflated skins, wicker- 
work boats covered with the skins of animals, 
hollow trunks of trees, &c., until we get to the 
ordinary canoe resembling perhaps those of the 
present South Sea Islanders, and then to ships pro- 
perly so called. And we come inevitably to Noah’s 
Ark, ‘The Ark is succeeded by a period of darkness 
hitherto impenetrable ; and as light begins to dawn 
we are perplexed by a number of legends containing 
doubtless some germs of truth, but so mixed up with 
fable as to render them inseparable. Of history 
in the proper sense of the term we have none earlier 
than the biblical narrative and the ancient records 
of Assyria, Egypt, and other Eastern countries, and 
the statements found in the ancient Greek writers, 
Mr. Lindsay has wisely devoted but little space to 
vain speculations on what might or might not have 
happened in pre-historic times ; and the true interest 
and value of his work commence with the facts he 
has collected relative to the trade and commerce of 
the Phoenicians, the earliest known maritime people 
of which we have any authentic records, and one of 
the most remarkable communities that has ever 
existed. 

Mr. Lindsay naturally accepts the Bible narrative 
of the Flood and of the Ark, and although he 
follows closely the modern discoveries of Oriental- 
ists and has studied the cuneiform inscriptions, and 
other records of antiquity, he apparently holds aloof 
from the theories of modern geologists and the 
‘‘ millions of years” they assign for the world’s past 
existence, and ignores the grounds on which they 
have based their incredulity as to the received ac- 
counts of the Deluge. He does not attribute the 
Ark to the ‘‘ natural development” of naval archi- 
tecture or impute its safety to the “‘ survival of the 
fittest,” according to the modern acceptance of the 
phrase, although in another sense it must be so re- 
garded, Imputing, as all good Christians must, the 
building of this marvellous structure to Divine in- 
terposition and guidance, it cannot be taken to afford 
evidence of shipbuilding having flourished before it, 
and consequently Mr. Lindsay does not stop to 
discuss the probability or the possibility of ocean 
navigation having been attempted in antediluvian 
days. Indeed it would be difficult to suppose that 
commerce and navigation could have flourished in 
those days without encountering the possibilities and 
probabilities of other mariners surviving the Deluge 
besides those who took refuge in the Ark. 

It must have occurred to many in contemplating 
the rise and spread of navigation after the days of 
Noah, in contrast with the presumed absence of 
material development in this respect in the long dark 
ages that preceded him, to think of the vast effect 
which the mere tradition of the Ark must have had 
upon the after world in familiarising man with the 
idea of large floating structures, riding in safety over 
the face of troubled waters. Without as yet the 
laws of hydrostatics to guide them on the way they 
still had, as it were, a huge beacon in the distance. 
But we must return to Mr, Lindsay. 





The Ark is set down as about 450 ft, long— 
just equal to the length of the largest and most 
recent of our Atlantic steamers—75 ft. broad, and 
45 ft. deep, .and these dimensions are curiously 
enough almost identically proportional to those of 
many modern sailing ships. Mr. Lindsay inclines to 
the belief, however, that the Ark wasnot a ship-shape 
structure at all, but ‘‘ simply a raft of stupendous 
size, bearing on it a structure of the above dimen- 
sions resembling a huge warehouse.”’ Its period is 
fixed by chronologists at about 2350 years before 
the Christian era. If this can be accepted, com- 
merce and navigation must have sprung up and as- 
sumed wide limits within a comparatively short 
period. The Phoenicians had assumed a command- 
ing position as navigators thirteen or fourteen 
hundred years before the Christian era. They 
coasted the Mediterranean, the Red Sea, and in all 
probability the Indian Ocean. Solomon made 
treaties with Hiram King of Tyre about 1000 years 
B.c., and their joint fleets sailed down the Red Sea 
from the ports of Elath and Ezion-Geber to pursue 
that famous trade with ‘‘ Ophir” which added so 
wonderfully to the riches, the fame, and the glory of 
the wise King of the Jews. The fame of Tyre and 
Sidon, the chief cities of the Phoenicians, remains 
fresh in the world to the present day, owing to 
their prominence in Holy Writ and the remarkable 

rophecies of Ezekiel respecting them, And the 
Pageisions known in the Bible as the Philistines, 
derive notoriety from their incessant wars with the 
Israelites. ‘Tyre was built about 1300 B.c. 

How long before this the Phoenicians had existed 
as a maritime nation there are no means of deter- 
mining; probably for several centuries. Their 
sailors manned the fleets of Solomon. Their ship- 
wrights built and their sailors navigated the ships 
of the Egyptians and the Greeks, 

We have referred to the commerce of the Jews in 
the time of Solomon, This is the only time that 

eople can be said to have had a maritime commerce. 
Their ports on the Red Sea were founded by David, 
but his wars prevented their development; and 
shortly after the death of Solomon they were taken 
by the Syrians, and eventually got into the hands of 
Tylath Pileser, and were utterly lost to the Jews. 

The Phoenicians founded Carthage about 850 B.c., 
and they pursued their voyages through the Straits of 
Gibraltar, and as far as the shores of Britain. The 
famous tin trade with this country was opened up 
by them. They fixed settlements at different points 
on the shores of the Mediterranean and Black Sea, 
and carried on a large trade with Gades (Cadiz), 
Marseilles, and other ports. There is a most cir- 
cumstantial narrative given by Herodotus of 
Phoenicians having sailed down the Red Sea in 
Egyptian ships, with the view of circumnavigating 
Africa, and of their having doubled the Cape of 
Good Hope, and returned through the Pillars of 
Hercules or Straits of Gibraltar to Egypt, so early 
as 600 years B.C. 

The earliest mention of the Phosnicians is to. be 
found in the Odyssey, where they are referred to 
as Sidonians of the sea, whose trinkets captivated 
the maidens of the Grecian Islands, ‘‘ and the pro- 
duce of the Sidonian looms is said in the Iliad to 
have been used for the most costly offerings to the 

ods.” 

. The earliest legends associated with ships, no less 
than the earliest recorded facts, associate themselves 
with this people. The famous ‘‘ Argonautic Expe- 
dition,” which Jason undertook, is supposed to derive 
its name from a Phoenician who fitted it out, and 
the Phoenicians are the reputed builders of the 
celebrated fleet said to have been prepared by 
Semiramis for the invasion of India; as in later times 
they built the vessels for Sennacherib’s invasion of 
Chaldea. 

Much discussion has arisen at different times as to 
the origin of the Pheenicians. Mr. Lindsay inclines 
to the view of Herodotus, that they originally came 
from the shores of the Persian Gulf. Their prin- 
cipal cities were of Hamite origin, but their dialect 
was Simitic, ‘They differed entirely from the 
Canaanites, with whom they have been sometimes 
associated. The Phoenicians were a peaceful, in- 
dustrious, trading people, while the Canaanites were 
a fierce, warlike tribe. The Phoenicians cultivated 
the arts and sciences, and although they have left 
neither historical records nor monumental inscrip- 
tions behind them to attest their former greatness, 
they are usually credited with having given the 
alphabet to two continents. 

the matter of historical remains 
have differed entirely from their neigh 


seem to 
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Egyptians, who, like them, are su eo to have 
come originally from the shores of the Persian 
Gulf, and the neighbourhood of the Chaldeans with 
whom they had much in common. 

“* All the evidence available” (says Mr. Lindsay), 
‘“‘and especially that obtainable through the latest 
interpretation of the cuneiform inscriptions, tends 
to show that the greatest people in the earliest 
period were the Chaldeans—a race probably older 
than the Egyptians, and like them of Framite origin 
—the true inventors of alphabetic writing, astro- 
nomy, agriculture, navigation, and of other sciences, 
which the Semites, in after days, claimed as their 
own exclusive discoveries, 

A curious point mentioned by Mr. Lindsay in sup- 
port of the theory that the Phoenicians came from 
the shores of the Persian Gulf or Indian Ocean has 
reference to their trade in tin with Britain. It is un- 
questionable that the Cussiterides Insula to which the 
Phoenicians traded for tin are the “Scilly Isles.” 
The word Cassiteros has no equivalent in either the 
Semitic or Greek families of languages, but the 
Sanscrit name for tin, Kasfira, is almost the same. 
“It seems therefore” (says Mr. Lindsay) ‘ not 
improbable that the Phoenicians, while still in 
their old homes on the Persian Gulf, may have found 
their way in pre-historic ages to India, and may 
there have met with it, as it is abundant at Banka 
in the Straits of Sumatra; then, when in later days 
they found it again in even greater abundance in 
England, that they gave it the name they had pre- 
viously adopted from the far East.” It has been 
held by many that the name Britain comes from the 
early connexion of the Phoenicians with this ag 
but we do not see the point mentioned by Mr. 
Lindsay. According to Bochart, Barac Anac would 
mean in the language of the Phosnicians ¢he land or 
country of tin or lead, and this might have become 
Bratanac, and in passing to the Greeks and thence 
to the Romans might have been softened to 
Brittanica and Brittania. 

There can be little doubt that the Phoenicians, 
although occupying buta small strip of territory (some 
225 miles along the coast, and about 12 miles broad), 
were a great people, highly cultivated, talented, and 
industrious. It is doubtful whether they have ever 
received that full measure of justice to which they 
are entitled. We are glad to findthat Mr. Lindsay 
does not, like Charnock and others, attribute their 
commercial success to greed, avarice, and other un- 
worthy motives; or regard the proud position they 
once occupied as simply enabling them to ‘ minister 
to the follies, the luxury, and the vices of all the 
rest of the world.” In the days of their greatness 
the Phoenicians occupied a position more akin to our 
own than any other nation has yet done. Their 
markets were the markets of the world. The pro- 
duce of the East, from Egypt, Arabia, Persia, and 
India were brought there. They benefited alike 
by the trade of the Red Sea and Persian Gulf, 
and by the Great Caravan routes of ancient times, 
Petra, Palmyra, Sardes, Babylon, Gerrha, Da- 
mascus, Susa, Thebes, and Memphis were all great 
commercial entrepéts situated on the Great Caravan 
routes in direct communication with the Phoenician 
markets, ‘The particulars given of these ancient 
routes by Mr. Lindsay is of the utmost interest, 
and this is heightened by the excellence and clear- 
ness of the maps. 

What gave the Phoenicians their great advantage 
over all the other neighbouring nations was that 
while they had equal access to the commerce of the 
East they alone held command of the commerce of 
the West. On the sea they were unrivalled, and for 
centuries they hada monopoly of the trade between 
Europe and the East. They did not seek territorial 
aggrandisement, but increased in wealth until their 
country was compared by the ancients to an.im- 
mense storehouse. As a nation they fell suddenly, 
and have left behind them perhaps fewer tokens of 
their former greatness than any other nation that 
has occupied a prominent position in the world’s 
history. They appear to have excited the cupidi 
of Wobochadnment, and he laid siege to Tyre, whic 
he pursued for thirteen years, It afterwards fell 
into the hands of the Persians, and at a later date 
into those of Alexander the Great. The inhabitants, 
however, in those days of adversity found the 
advantage of their ships. They ed out in a 
great measure what the Dutch meditated in more 
modern times. They are said to have put the 
women and children and valuables on board their 


ships and emigrated westwards, 
numbers at 
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colonies benefited by an influx of wealth and enter- 
prise from the same cause, and this may, to some 
extent, have accounted for the marvellous rapidity 
cially Carthage, 
maritime power. 
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LOCOMOTIVES AT THE PHILADELPHIA 
EXHIBITION.—No. V. 

In our last article of this series nea e 228 
ante), we explained the origin of the ‘* Consolidation” 
type of locomotives which has become so popular in 
the United States, and described an engine of that 
class constructed by Messrs. Burnham, Parry, Wil- 
liams and Co., of the Baldwin Locomotive Works 
for the Lehigh Valley Railroad, and shown by them 
at the Centennial Exhibition. This week we give a 
two-page illustration, with other views on the pre- 
sent page and pages 40] and 405, of another “ Con- 
solidation” engine constructed by the same firm, 
and also exhibited at Philadelphia. 

This second engine is one made for the Pennsyl- 
vania Railroad, from designs furnished by the com- 
pany, and it is constructed for burning bituminous 
coal, whereas the engine for the Lehigh Valley 
Railroad, previously described, was arranged for 
burning anthracite. Thus a comparison of the two 
boilers will show that the one now illustrated has a 
smaller grate surface and fewer and larger tubes, 
the total heating surface being, however, very nearly 
the same in the two cases, it being 1281 square feet 
for the Lehigh, and 1258 square feet for the Pennsyl- 
vania engine. The cylinders of the two engines are 
the same size, namely, 20 in. and 24 in. stroke, while 
the coupled wheels are also practically the same 
size, the Lehigh engine having 508 in., and the 
Pennsylvania engine 50in. wheels. We give below 
the proportions of the boiler of the engine now 
illustrated, and for convenience of comparison we 
annex similar data relating to the engine for the 
Lehigh Valley Railroad. 
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The chief dimensions of the boiler of the engine 
now under notice are given in the tabular state- 
ment on our two-page engraving, and it will be 
unnecessary, therefore, that we should repeat them 
here. We may, however, direct attention to some 
of the special constructive features. In the first 

lace it will be noticed that the boiler instead of 
arsed of the ‘* wagon-topped” type—as it is called 
in the United States—like that of the engine for 
the Lehigh Valley line, has the firebox casing con- 
siderably lower than the top of the barrel of the 
boiler, the top of the casing sloping away until at 
the rear end it is only about on a level with the 
centre line of the barrel. The crown of the firebox 
also slopes downwards towards the rear, but less 
sharply than the top of the casing, and thus the 
firebox crown and crown of the casing gradually 
approach each other, the distance between them 
being 104 in, at the front, and but 3} in, at the rear 
end, The crown of the firebox ard. casing are 
stayed together in the same manner as the sides, 
there being no girder stays. 

The impression conveyed by this arrangement of 
firebox is that there is an insufficient space for 
proper circulation above the firebox crown, and that 
the rush of the steam generated from this surface 
would be apt to cause priming. We have not, 
however, heard of any difficulty arising from this 
cause, and the fact that this form of firebox and 
casing has now long been in use in America, must, 
we suppose, be accepted as evidence that its per- 
formance is fairly satisfactory. It will be seen fon 
our two-page engraving, and from the transverse sec- 
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tion on the present page, that the gauge-glass fittings 
and gauge cocks are mounted on a hollow column 
fixed on the top of the firebox casing near the rear 
end, the top of this column being connected with 
the steam space of the boiler by a pipe, which is led 
up to the roof of the cab, and then passes down to 
join the tube through which the regulator rod passes, 
this tube having at its end inside the boiler a pipe 
which isled up to the topof thedome, The tube for 
the regulator rod has also at its rear end a drain pi e 
which passes down to the gauge cock column, T he 
whole arrangement is chiefly shown by our two-page 
engraving. 

Although the engine is, as we have stated, de- 
signed for burning bituminous coal, it is, as will be 
seen, fitted with a water tube grate similar to that 
— for anthracite. The, movable solid bars, 


em 
provided for dropping the fire instead of being 








a 


made to draw out, as in the case of the Lehigh 
Valley engine, are, however, in the engine now 
under notice cranked, as shown in our longitudinal 
section, and made to turn over laterally on the crank 
centres, There are two of the solid bars in the 
width of the grate, and they are connected by a link 
at the rear end outside the firebox, so that they can 
be moved together. 

The boiler is provided with a large dome, and as in 
some of the other American locomotives we have 
described, the opening in the barrel is the full size of 
the dome, and is strengthened by flanging the barrel 
plate outwards, as shown. The top of the dome is 
of cast iron, as is usual in American practice. It 
will be noticed that the ring of the barrel on which 
the dome is placed is made taper, its underside slop- 
ing downwards to join the firebox casing. 1 
gives it an oval form in cross-section, and necessi- 
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CYLINDERS : 


Diameter 

Stroke of piston 

Length of steam ports 

Width 9° - 
»  Ofexhaust ports . ° 

Travel of valve . ° 
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Exhaust nozsles—double, 3 in. x 3} in. rect- 
angular. 
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WHEELS : Fr. In. | 
Diameter of driving wheels. : ‘ ; 4 2 | 


“ truck wheels . . ; os 2 
Distance between centres of front and rear 
driving wheels . . ° : ° . 
Total wheel base of locomotive . ‘ — 
. - - and tender . 47 
Diameter of driving axle journals . 
Length ” - 
Diameter of main crank-pin bearing . ree 
Length ” - ere . 
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PENNSYLVANIA RAILROAD AT THE PHILADELPHIA EXHIBITION. 
LDWIN {ocOMOTIVE WORKS, PHILADELPHIA. 


scription, see Page 400.) 




















Botter : Fr. Ivy. Botner :—continued. Fr, In. 
| Outside diameter of smallest ring of boiler. .« 4 6} Thickness of tube plate (steel). , : 2 
Thi ; ” sides, back, and crown sheet 
ickness of boiler plates (steel) .« s 0 03 

(steel) . ° ea ‘ : - 0 055; 

| Number of tubes (wrought iron) . 138 SQR. FT. ' 
Length ,, . ° , ‘ . ~— Grate surface ‘ . ‘ ° ° , 23. 
Outside diameter of tubes . : . —_ 0 2 Heating surface in firebox . ° : ae 92 
Thickness of tubes. a . ‘ ; a 0 0.109 ” ” in tubes ° . . * 1166 
Length of firebox inside. ae eet) eo -@ Total heating surface . . . +, yee 1258 
Width Flue area through tubes : =) . 3.92 

” ” . . . 7 . 2 104 WwW - L 
h 2 ; EIGHT : ee B. 

+ ” » (sloping) . - + 42in, to 61 in. Weight of engine in working order - « D160 
Height of firebox crown above grate . . 86in. to 55in. e » on coupled wheels . - « 79,400 
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tates the introduction of transverse stays, these 
being placed just above the tubes, as shown. The 
smokebox tube-plate is strengthened by two diagonal 
stays, not shown in ourengraving. The feed enters 
the boiler at the sides of the barrel near the front 
end, and passes into a transverse pipe or chamber of 
rectangular section situated just above the tubes, 
this chamber having distributing pipes led off from 
it towards the rear, as shown in the longitudinal 
section on our two-page engraving. ‘The boiler is 
fed by one pump worked direct from the right-hand 
crosshead and one of Messrs. Sellers and Co.'s 
injectors. The external steam pipes, front of the 
smoke-box door, and base of the chimney are of 
cast iron. The boiler and firebox are of cast steel, 
the plates for the shell being made by the Bay State 
Iron Company, and those for the firebox by Messrs. 
Singer, Nimick and Co., while the tubes are of 








- 


charcoal iron, and made by Messrs. Morris, ‘Tasker, 
and Co, 

In the case of the ‘* Consolidation” engine for the 
Lehigh Valley Railroad, to which we have already 
referred, two of the coupled axles were under the fire- 
box and two under the barrel of the boiler. In the en. 
gine now under notice, owing to the longer tubes and 
shorter firebox, there are three axles under the barrel, 
while there is a somewhat greater amount of over- 
hang at the rearend. In the present case, too, the 
second axle from the rear is the driving axle, and 
the connecting rods are thus much longer than in the 
Lehigh Valley engine, while the eccentric rods, which 
are also very long, have to be bowed to clear the next 
axle, as shown in the longitudinal section, The 
valve motion is of the ordinary lifting link type, and 
as is usual in American engines, the motion is trans- 
mitted to the valve spindles through rocking shaft, 


as shown in Fig. 4, 405. The frame is of the 
usual bar type, but of this and some other details 
we shall have more to say in a future notice when 
dealing with what may be called the standard 
features of American locomotive practice, 

The springs of the three hind pairs of wheels are 
connected by compensating levers, while those of 
the front pair of coupled wheels are similarly con- 
nected to the pony truck at the leading end. This 
truck is of the swing beam type, instead of being a 
Bissell truck, as in the Lehigh Valley engine, and 
its construction is shown by the longitudinal section 
and by the transverse section on the present page. 
From these views it will be seen that a strong trans- 
verse stay between the frames carries a casting in 
which a hollow plunger slides, this plunger having 
an opening at one side through which the end of 
the compensating beam 8s. As will be seen 
from the views above referred to, the end of the 
compensating beam takes hold of a stirrup at the 
bottom of a link hanging from the top of the plunger, 
this link being provided with adjusting nuts, as 
shown. The lower end of the plunger bears upon 
a kind of bridge-piece, which spans—but is clear of 
—the transverse bar connecting the axle-boxes of 
the truck, this bridge being coupled to the centre of 
a pair of transverse springs, asshown. The ends of 
the springs just mentioned are coupled by pendent 
links to the bar which connects the axle-boxes, and 
the latter are thus left free to move laterally. 
Radius bars from the bottom of the axle-boxes, and 
from the transverse bar which connects these boxes, 
are led back to centres just in front of the first pair 
of coupled wheels, as shown in the longitudinal 
section. 

The coupled wheels of the engine under notice are 
of cast iron, with crucible cast-steel tyres, the 
tyres of the two middle pairs of wheels being with- 
out flanges and 6} in. wide. The wheels have hollow 
spokes, and the section of the rim is shown by the 
transverse section, Fig. 2 on the o ite page. 
The truck is provided with Messrs, A. Whitney and 
Sons double-plate chilled wheels. 

The type of engine we have been describing does 
some very heavy work on the Pennsylvania Rail- 
road. Thus on the Philadelphia and Columbia 
division, where the maximum grade going eastward 
is 40 ft. to the mile, or] in 132, the load, taken at 
a speed of 15 miles per hour consists of a train of 
35 loaded cars weighing 735 tons, exclusive of the 
engine; while going westward over the same divi- 
sion, a maximum grade of 49 ft. per mile, or 1 in 
107.8 to be surmounted, and the load is then 30 
loaded cars weighing 630 tons. The consumption 
of fuel on this part of the road averages 4.2 lb. per 
mile per car hauled. On the Columbia and Harris- 
burg division there is a short grade of 30 ft. per 
mile, or 1 in 176 going eastward, and a short grade 
of 37 ft. per mile or 1 in 142.7 going westward, and 
on this section the loads in the two directions are 
70 cars weighing 1470 tons, and 65 cars weighing 
1365 tons Tera the consumption of fuel 
averaging 2.7 lb. per car per mile. On the Erie 
and gdon’s division the maximum gradient 
going eastward is 71 ft. per mile, or 1 in 74.4, and 
up this gradient the engines haul 24 loaded cars 
weighing 504 tons, On the Renovo and Jersey 
Shore section going eastward there is a gradient of 
26 ft. per mile, or 1 in 203 for about 4 miles, the 
remainder of the line being practically level, and on 
this division the load for the engines consists of 80 
loaded cars weighing 1680 tons, with a consumption 
of 2.7 1b, per car per mile. Finally, on the Susque- 
hanna division, which is about level, the load going 
eastward consists of 85 loaded cars weighing 1785 
tons, this load being frequently taken at a speed of 
25 miles per hour, and the fuel consumption being 
2.5 lb. per car per mile. These performances are of 
much interest, the loads being unlike anything hauled 
in this country. 








A NEW SYSTEM OF PERSPECTIVE 
DISPENSING WITH GEOMETRICAL LINES OF CONSTRUCTION, 
(Continued from page 223.) 

Lines.—A line may be considered as generated or 
produced by the movement of a point in space ; if, 
therefore, we project a point in any two positions 
which it may assume in space, and connect the 
projections on the picture of the point in the first 
a second position by a straight line, we evidently 
project a line tending in any given direction corre- 
sponding to the movement of the point. 





It wil] also be evident that by simply altering the 
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value of one of the ordinates, and consequently that 
of its corresponding projection in the formula for 
the projection of a point just given, we can project 
a line tending in any direction, perpendicular or 
allel, to the perspective plane, whether vertical or 
orizontal, for example, taking 
+x 
“te 


Y 


y 
in each case to represent the projection of the 
initial point of the ine, or in other words, the pro- 
ge of the point in the first position, X, Y, and 

, indicating any numbers whatever representing 
the ordinates of the initial point in space, y the 
decimal number corresponding to the ordinate 
Y, and # and z the ordinates of the projected point 
to be laid down by scale and offset on the picture, 
the upper sign being prefixed to the ordinate X, 
indicating that the point is to the right of the point 
of view, and the lower sign that it is to the left; 
the upper sign, prefixed to the ordinate Z indicating 
that the point is above the horizontal plane, and 
consequently its projection above the horizontal line, 
and the lower sign that it is below it. 

Taking also L to indicate the length of the line 0, 
the initial point of the line, or the point in the first 
position, and A the terminal point of the line, or 
the point in the second position, the formule may 
be ae 9 in each case as follows: 

When the line is perpendicular to the perspective 
plane 


+2 
ts 





0 
ar one 
© y ® 
A 
x Y+tL Z 
rm y ms 
y representing the decimal number corresponding 


to Y+L, the upper sign being taken when the line 
tends from the observer, and the lower sign when 
it tends towards the observer. 

When the line is vertical, 


x Y 
ac 


y 
x 


alk 


= - 
z' representing the product y (ZL) the upper 
sign being taken when the line tends upwards 
from the initial point and the lower sign when it 
tends downwards, 

When the line is parallel to the perspective 
plane, and at the same time horizontal tending to 
to the right or left, 


pS 
av 
X+L Y Zz 
= = - 
w' represents the product y (X+L) the upper sign 
being taken when the line tends to the right and 
the lower sign when it tends to the left, whether 
the initial point is to the right or left of the point of 
view. 

When the line is situated in a horizontal plane, 
but is oblique to the perspective plane, we can 
always reach the point in the new position or 
terminal point of the line by two direct horizontal 
movements, one perpendicular and the other parallel 
to the perspective plane. When in a vertical plane 
parallel to the Sp oper plane, by two movements, 
one vertical and the other horizontal and parallel 
to the perspective plane. And when ina vertical 
plane perpendicular to the perspective plane, by two 
movements, one vertical and the other horizontal 
and perpendicular to the perspective plane. The 
direct distances to be moved in each case can be 
easily ascertained, the length of the line being known 
as well as the inclination or angle which it makes with 
the axis of Y when ina horizontal plane or the axis of 
Z when ina vertical plane, for if we suppose the plane 
of the paper (Fig. 17) in the first place to represent 
a horizontal plane 0 the initial and A the terminal 

int of an oblique line 0 A in that plane, 0 m a 
ine perpendicular to the perspective plane, and 
consequently parallel to the axis of Y, and m A, a 
horizontal line perpendicular to it both in the same 
horizontal plane with the line 0 A, m 0 A will evi- 
dently represent the inclination or angle which the 
line makes with the axis of Y ; this angle we shall 
designate by L,Y. It will be evident that the per- 


0 
2 
z 


elix< 


pendicular movement 0 m= L cos. L Y and the 
parallel movement m A=L sin. LY. In thesecond 





lace, if we suppose the plane of the paper to repre- 
saan a vertical plane, 0 the initial and A the terminal 
point of the line L as before; m0 A the inclination 
or angle which the line L makes with the axis of Z, 


FIG. 17. 
™m 


A 
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which angle we shall call LZ, the vertical move- 
ment in this case will evidently=Lcos. L Z, and 
the horizontal movement, whether parallel or per- 
pendicular to the perspective plane = L sin. L Z. 
The decimal numbers answering to sine or cosine 
L ¥Y or sine or cosine L Z can be ascertained at once 
by a reference to Table B, in which the decimal 
numbers corresponding to the sines and cosines are 
placed opposite to the angles to which they belong, 
and these numbers multiplied by the number cor- 
responding to the value of the line L will indicate 
the distances representing the two direct move- 
ments necessary to determine the terminal point of 
the line. 

For example, taking the ordinates of the initial 
point of the line as before : 

When the line is situated in the horizontal plane 
passing through the initial point tending obliquely 
from the observer to the right or towards the 
observer to the left, 


x 


a 


0 
3 
P 


2 li< 


A 

X+L sin. LY YotLeos.LY Z 

eo | 
the upper sign being taken when the line tends from 
the observer to the right and the lower sign when 
it tends in the contrary direction. 

When the line tends from the observer to the left 
or towards the observer to the right, 
0 


x Z 


x ~ 


2 iix< 





A 
X+Lsin. LY YtLeos. LY Z 
oF 
The upper signs being taken when the line tends 
from the observer to the left and the lower when 
towards the observer to the right. 

When the line is situated in a vertical plane 
passing through the initial point perpendicular to 
the plane of perspective tending upwards, and from 
the observer ordownwards and towards the observer, 

0 


Z 


a y z= 


A 
+Lsin: LZ Z+L cos. LZ 








ale 


yl 7 
the upper sign being taken when the line tends 
upwards and from the observer, and the lower sign 
when it tends downwards and towards the observer. 

When the line tends upwards and towards the 
observer or downwards and from the observer, 

0 

x 


s 
x & 


X Y3Lsin. LZ Z+L cos. LZ 
. tL 





y' > 
the upper sign nang See when the line tends up- 
wards and towards the observer, and the lower when 
downwards and from the observer. 

When the line is situated in a vertical plane pass- 
ing through the initial point and parallel to the per- 
eens se tending upwards to the right or 
downw to the left, 


x 


2 
x z 


X+L sin. LZ 


a' 


Z+L cos. L Z 
z 





y 
the upper signs being taken when the line tends 


upwards to the right and the lower when downwards 
to the left. 

When the line tends upwards to the left or down- 
wards to the right 


x 


— 


0 
s 
z 


IM ell 


A 
Z+Leos. LZ 
a ¥ a! 
the upper signs being taken when the line tends 
upwards to the left, and the lower when downwards 
to the right. 

If the oblique line should be situated in a plane 
oblique to the perspective plane, three direct move- 
ments, one vertical and two horizontal, will be neces- 
sary to place the point in the new position, and thus 
determine the terminal point of the line. 

For example, if the given line L should form an 
angle L Z with the axis of Z, and the vertical plane 
in which it is situated an angle L Y with the vertical 
plane passing through the axis of Y, we must in 
the first instance raise or depress the point to the 
level of the horizontal plane in which the two hori- 
zontal movements take place by altering the ordinate 
Z in the formula for the initial point by a difference 
=L cos. LZ. We must then substitute L sin. L Z 
for L, and effect the two horizontal movements, one 
perpendicular and the other parallel to the perspec- 
tive plane, as already described, by altering the 
ordinates X and Y by differences respectively equal 
to Lsin. LZ. sin. L ¥ and Lsin. L Z cos. L Y. These 
two operations may be combined in one altering the 
three ordinates as just described. For example, if the 
line should tend upwards, and the oblique plane in 
which it is situated should tend in a direction from 
the observer to the right or towards the observer to 
the left, 


0 
Z 


ae 


z 
cos. LY Z+Leos. LZ 


Il 


x 
X +L sin. LZ. sin. LY Y+Psin. LZ 
al _ 1 zg! 
the upper signs to be taken when the oblique plane 
tends from the observer to the right, and the lower 
signs when in the opposite direction. 
If the oblique plane should tend from the observer 
to the left or towards the observer to the right, 
0 











x XY Z 
“ Y z 
X F Lsin. LZ sin. LY Y+sin. LZ cos. LY Z+L cos. LZ 








a’ 1 Pa 
The upper signs to be taken when the oblique plane 
tends from the observer to the left, and the lower 
signs when towards the observer to the right. 

If the oblique line tends downwards, when the 
oblige plane in which it is situated tends from the 
observer to the right or towards the observer to the 
left, 

x 
. y 
X +L sin. LZ sin. LY Y+L sin. LZ cos. LY Z—Lcos. LZ 
a’ y Py 
the upper signs to be taken when the oblique plane 
tends well the observer to the right, and the lower 
sign when in the opposite direction. 

When the oblique plane tends from the observer to 

the left or towards the observer to the right, 
0 


Y 


z 
2 








x Y Z 
F y Zz ‘ 
XFLsin. LZsin.L Y + YL sin. LZ cos. LY Z—Leos. LZ 





y' af 

the uppersigns to be taken when the oblique plane 
tends from the observer to the left, and the lower 
sign when towards the observer to the right. 

It will be observed that when the line is vertical, 
the ordinate Z is variable ; when horizontal and per- 
pendicular to the perspective plane the ordinate Y ; 
and when horizontal and parallel to the perspective 
plane the ordinate X, the other ordinates in each 
case remaining constant. 

When the line is oblique in a horizontal plane, the 
ordinates X and Y are variable ; in a vertical plane 
perpendicular to the perspective plane, the ordi- 
nates Y and Z;and in a vertical plane parallel 
to the perspective plane, the ordinates X and Z, 
When the line is oblique in a vertical plane, 
oblique to the pective plane, the three ordinates 
become variable. 

When the line is vertical the sign of the difference 


z' 
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of the variable ordinate, being additive, is + when 
the line tends upwards, and when downwards — 
being subtractive. 

When the line is horizontal and perpendicular to 
the perspective plane the sign of the difference is + 
when the line tends from the observer, and — when 
towards the observer. 


When horizontal and parallel to the perspective | 5 


plane the sign of the difference is + when the 
line tends to the right and — when to the left. 

When the line is oblique in a horizontal plane, 
the signs of the differences are the same when the 
line tends from the observer to the right or towards 
the observer to the left, being both+in the former 
case and both—in the latter, when from the observer 
to the left or towards the observer to the right the 
signs are different, the difference of X taking the 
sign—and that of Y+in the first case and X+and 
Y—in the second, 

When the line is oblique in a vertical plane per- 
pendicular to the perspective plane tending upwards 
from the observer or downwards towards the 
observer, the signs of the differences are the same, 
being both+in the former case and both—in the 
latter when upwards and towards the observer, or 
downwards and from the observer they are different, 
the sign of the difference of Y being—and that of Z 
+in the first case the sign of the difference of Y 
being+and that of Z—in the second. 

When {the line is oblique in a vertical plane 
parallel to the perspective plane, and the line tends 
upwards to the right or downwards to the left, the 
signs of the differences are the same, being both+ 
in the former case and both—in the latter, when the 
line tends upwards to the left or downwards to the 
right the signs are different, the difference of X 
taking the sign—and that of Z+in the first case, 
and that of X-+-and of Z—in the second. 

When the line is oblique in a vertical plane 
oblique to the perspective plane tending upwards, 
the plane in which it is situated tending from the 
observer to the right or towards the observer to the 
left, the signs of the differences of the ordinates X 
and Y are the same, being both+in the former case 
and both—in the latter, when the oblique plane in 
which the line is situated tends from the observer to 
the left or towards the observer to the right they 
are different, the difference of X taking the sign — 
and that of Y+-in the first case and that of X+and 
of Y—in the second, the sign of the difference of Z 
remaining+in both cases. 

When the line tends downwards, the difference of 
the ordinate Z takes the sign —, the signs of’ the 
differences of the other ordinates varying as before. 

LZ represents the angle which the given line 
makes with the axis of Z, and LY the angle which 
the vertical plane in which it is situated makes with 
the vertical plane passing through the axis of Y. 


(To be continued). 








BORING MACHINE. 

WE illustrate on page 397 a substantial type of hori- 
zontal boring machine constructed by Messrs. D. New 
and Co., of Nottingham. The machine consists of a 
strong bed carrying the boring head and a pair of 
standards for supporting the boring bar. The bedplate 
has bolt slots for fixing castings, &c., to be bored, and at 
its centre is a turntable which is convenient for turning 
articles which have to be bored at different angles. The 
boring head is adjustable transversely on the bed, while 
the bearings of the bar can be adjusted vertically on the 
head, and the boring bar can thus be shifted either trans- 
versely or vertically as may be desired. It will be 
noticed from our engraving that the boring bar is driven 
from a vertical shaft, the driving pulley being per- 
manently fixed, so that there is no alteration in the 
length of the belt. The drill head has a powerful self- 
acting screw feed, which can also be worked by hand, 
the middle bracket carrying a bush in which the feed 
screw and steel spindle are connected and adjusted to 
adjustable steel faces which take the horizontal thrust. 
The spindle barrel passes through a conical bush adjust- 
able by lock nuts. All the saddles and standards are 
carefully indexed for facilitating alignment, and the 
general details are conveniently arranged for the work- 
man operating the tool. > 








PRoFITs OF THE SuEzZ CANAL.—The rough profits of the 
Suez Canal Company for 1876 are unofficially estimated a 

1,020,000. Of this sum 523,1601. will be at once absorbed 
by interest on loans, leaving 496,8401. available for dividend 
upon the share capital. To this 496,840/. must be added, 
85,9201. brought forward from 1875, making the definitive 
divisible balance 582,7607. Out of this balance it would be 
practicable to pay a dividend upon the shares in the com- 
pany at the rate of 6} per cent. per annum, but it is anti- 
cipated that the actual dividend for the year will not exceed 
6 per cent. per annum. 





THE ORIGIN OF MOTION, 
To tHe EpiTror oF ENGINEERING. 


S1r,—Your co ndent, M. Sillen, from Amsterdam, 
in your last issue, es a di m such as that usually 
given in text-books illustrative of the propagation of light, 
and would assume that this di gives an i 
the mode of propagation of the wave and the physical con- 
stitution of the ether; he even would infer from this 
i that “action at a distance’ must be concerned 
in the propagation of the wave. A diagram of the pro- 
pagation of sound as given in text-books might just 
as well be taken as an actual representation of the mode 
of propagation of sound in that case, and as proving that 
‘action at a distance’ was concerned there. These dia- 
grams are merely convenient illustrations and cannot show 
the actual state of the case, as probably they are never 
intended to do. Thus from the very fdct that in accordance 
with the now generally accepted theory of Joule and 
Clausius as regards the constitution of gases, the molecules 
of a gas are in motion in their normal state; it follows 
that a diagram consisting of a row of dots representing the 
molecules of the gas at rest (as commonly given in text- 
books) cannot possibly convey a correct representation of 
the mode of propagation of a wave of sound. Since the 
molecules of the gas are in their normal state continually 
interchanging motion among themselves, a wave (such as a 
wave of sound) is propagated by simple interc of 
motion between the molecules of the gas, the velocity of 
propagation of the wave being, therefore, necessarily pro- 
portional to the normal velocity of the molecules them- 
selves. On comparing the known normal velocities of the 
molecules of different gases with the ascertained rates of 
propagation of sound in the gases, it will be found that the 
velocity of sound in a gas is proportional to the velocity of 
its molecules. This affords a er means for determining 
the velocity of sound in a gas, and is the true physical con- 
dition concerned in regulating that velocity, or this con- 
stitutes the one condition upon which the velocity of sound 
in a gas depends. The velocity of the molecules of a gas 
being known, the velocity of sound in the gas is thereby 
known, the one being a constant multiple of the other. 
The diagram commonly given in text-books can, therefore, 
give no more a true insight into the mode of pro tion 
of a wave of sound than the diagram of the propagation of 
light (adopted by your correspondent) can give a true in- 
sight into the mode of propagation of a wave of light. The 
mode of propagation can only be set forth when a deduction 
as to the constitution of the propagating medium has been 
arrived at, and taken as a basis to work upon. 

Your correspondent alludes to the idea of the ether bein; 

a solid. To infer that such a conclusion “is generally ot 
mitted by physicists’; can only be an unsupported assump- 
tion. ial any impartial thinker cannot fail to see that 
this is an instance of one of those random or hastily put 
forward theories that one sometimes meets with ; for (even 
independently of other considerations) it surely must be 
clear to any one reflecting on the subject, that a solid ether 
could not allow the planets to pass through it with no 
perceptible resistance. Indeed, any idea of a solid structure 
in an agent which allows the most light and flocculent 
substances to pass through it with such facility that its 
very presence defies detection, cannot be entertained for 
one moment. Your correspondent objects to the ether 
being constituted as a gaseous body because it is generally 
considered that the motion of the ether particles producing 
the effect termed ‘‘light’”’ is transverse to the line of pro- 
pagation of the wave, while the motion producing sound is 
considered to be longitudinal. Now, as an actual fact in 
the case of sound (in accordance with the accepted theory 
of Joule and Clausius as to the constitution of gases), the 
motion of the air molecules producing sound takes place 
both transversely and longitudinally, this following from 
the fact that the motion of the molecules of a gas in its 
normal state takes place in all directions, so that at the 
passage of a wave the molecules must inevitably be accele- 
rated and retarded both in transverse and in longitudinal 
directions. Because, however, the ear is physiologically so 
constituted as to be adapted to take up on/y the longitudinal 
component of the motion, would it be reasonable to con- 
clude therefrom that the motion of the air molecules pro- 
ducing sound was only longitudinal? So if the eye is so 
constituted as to be only capable of being affected. by the 
transverse component of the motion of the ether particles, 
is it reasonable to conclude that they only move trans- 
versely? Surely the conclusion would be unwarranted, as 
in the case of sound the conclusion that the air molecules 


are only accelerated longitudinally (or in the direct line of | E 


the wave) at its passage, would be opposed to the accepted 
theory as to the constitution of gases. AsI have before 

inted out, by the rejection of the theory of “action at a 

istance’’ (which it is necessary to abandon in order to give 
a rational insight into anything), it is an unavoidable con- 
clusion that the ether is constituted as a gaseous body, 
since this is the one solution of which the problem admits, 
or we have no choice but this conclusion. This it has been 
my object to illustrate in a clear light to all unprejudiced 
students of science. 

Your correspondent next says that I bring forward ‘‘ the 
startling discovery that all molecular action will cease at 
—273 deg. C.’’ This is not a discovery but a deduction in- 
evitably following when certain data are taken as a basis. 
It is an accepted fact that at —273 deg. C., or at the absolute 


+ | zero of temperature, the molecular motion termed “ heat’’ 


ceases to exist, or there is no radiation of heat at this point. 


If a body radiated heat, it could not be said to be at the | engin’ 


absolute zero of temperature. The ‘‘ absolute zero of tem- 
perature’’ is just a convenient phrase to indicate that state 
when the molecular motion termed ‘‘ heat’’ ceases, or the 
molecules of matter cease to vibrate and radiate waves in 
the ether. My conclusion, therefore, was that if the mole- 

r distance actions (‘‘ cohesion,”’ “‘ attraction,” 
&c.), or the general phenomena of the “‘attraction’”’ and 





insight into | tracti 


‘‘repulsion”’ of molecules, be due to the vibrations of mole- 
cules, just as the ‘‘attractions” of scale vibrating 
masses (such as tuning-forks, &c.) are due to the vibrations 
of these masses, then at the absolute zero of temperature 
all molecular action (“ attraction” and “ repulsion’’) will 
cease, or the actions termed ‘‘ cohesion,” ‘chemical at- 
on,” &c., will cease to exist. This is an inevitable 
conclusion, not a theory at all; and it should be kept in 
view that by the rejection of “action at a distance,” the 
molec’ actions generally can only be referred to a dis- 
turbance of the intervening medium through a motion of 
the molecule. It might be expected from this that a disin- 
tegration of matter might possibly effect itself in ions 
of space far removed from the sun’s influence where the 
molecular vibratory motion set up by the waves emitted b 
the sun consequently ceases or is greatly enfeebled. I, 
therefore, thought it well to refer as a point of interest to 
the enormous quantities of disintegra’ 
exist in space, as meteoric dust, &c., as ibly affording 
physical evidence of the disin tion of matter effecting 
itself at a low temperature, or in portions of space far re- 
moved from the sun’s influence. In view of the ewperi- 
mentally established facts that vibrating masses “‘ attract’? 
and ‘‘repel,’’ and cease to attract on ceasing to vibrate, 
the same facts deserve to be kept in view in the case of 
vibrating molecules, for the mere size of the vibrating body 
cannot affect the reasoning. 

THE WRITER OF THE ARTICLES, 








SEA-GOING ENGINEERS, 
To tHE EpIToR OF ENGINEERING. 
S1rr,—I have been much interested in reading the letters 


-which have appeared in your last two numbers, and aware of 


the vast et naturally attached to Li l by the 
writers, and which I admit to be toan extent just. I at the 
same time think that the metropolis is the proper head- 

uarters for such an Institution, and that it is from there 
that the interests of all concerned could be most efficiently 
watched over and protected. 

The Institution of Marine Engineers here is the result of 
the gradual development of a smaller society, having in the 
first instance undoubtedly narrower views. It now 80 
pena ost to admit of all concerned, whether consulting, 
superin' g, or sea-going engineers, marine engine 
manufacturers, steamship builders, or owners becoming in 
one way or another, and to my view each one in his proper 


way, associated with it. 
tt numbers members at most of the principal po » and 
only wants active support and fair play from all to develop 


to such an extent as to enclose within itself all members of 
the marine engineering community, 7. e. all such as I have 
mT he on for the reading of &e., at t 
e mee or the of papers, &c., at presen 
are held only in London, but might by generous support be 
held, as are the meetings of the Institution of Mechani 
ineers, rly at stated times at various parts of 
the country arrangement, and this doubtless would 
be cial ; Yut Iam of opinion that it is far better to 
have one united organisation di by an efficient staff, 
whose offices shall be in the chief city of the world, than 
have a number of smaller societies in the various sea-ports 
where local infiuence might affect the proper protection of 
the interests of the most numerous body of those really 
intimately concerned, namely, the sea-going engineers. : 
The rules of the existing Institution will be forwarded 
upon application to the secretary, 23, St. Mary Axe, and I 
feel sure that after ing them carefully that my sea- 
oing engineer, who is a “‘ practical mechanic,’’will be in- 
a rey towed as I am pleased to subscribe myself, 
Mens. Inst. Mar. Ena. 
S1r,—The letters under this title which have appeared 
in your paper will no doubt be read with great pleasure by 
those to whom they refer. As one of the fraternity, how- 
ever, I cannot see that Liverpool has any speci im to 
be the port that has mainly to be pete », inasmuch as 
by the nature of our occupation, we as sea-going —— 
are compelled to be ‘‘ rovers.” Atone time we hail from 
Liverpool, at another from Glasgow, Greenock, Cardiff, 
Newcastle, Shields, or other ports, and ce the ma- 
jority of us are more frequently in London river at the 
ports mentioned above. There have been at various times 
attempts to institute societies at different ports, but I be- 
lieve that with the exception, firstly, of the rey Me New- 
castle in connexion with the ‘‘Amalgamated Society of 
i ,”’ and which, however praiseworthy, is too ex- 
clusive to effect all the good which your correspondents wish 
to see effected, and secondly, of the ‘‘ Institution of Marine 
Engineers,” whose offices are in London, none are at pre- 
sent in existence. It is of the latter (of which I am a mem- 
ber) that I wish to speak. The idea in establishing it was 
to promote the interests of all such fea-going engineers 
throughout the country as are practically q ed by shop 
and sea service. ert , 
Thus the bulk of the Sotety is composed of real engi- 
neers wh have been at sea. Atthe same time manufac- 
turers of marine engines, steamship builders, consul! 
and surveying marine engineers, are all admissible. Tha’ 
this Institute is worthy of support is evidenced by the nu- 
merously attended public meeting, held at Albion Hall, 8, 
London Wall, on the 26th ult., when a valuable paper wa 
read by Mr. Weatherhogg, C.E. It appears to me that 
however desirable it may be to have associations of marine 
eers at various ports, it would be above all things 
chiefly important that all these associations should be in 
connexion with, or branches of the parent in Lon- 
don, ‘‘ Union is strength,” and union effected, advan- 
tages it gave might be equally divided amongst all con- 





I am, Sir, your obedient servant, 
A Sz4-Gorna ENGINEER. 
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BESSEMER PLANT AT THE CLEVELAND STEEL 





Art the recent meeting of the Iron and Steel Institute 
at Leeds, one of the subjects discussed was the progress 
which had lately been made in the manufacture of 
Bessemer steel from iron taken direct from the blast 
furnace to the converters, and in the course of the dis- 
cussion Mr. E. Windsor Richards described, by the aid of 
a model, the arrangements for this mode of working which 
he is ~—< out at the new steel works of Messrs. 
Bolkow, Vaughan, and Co., at Eston. These works will, 
it is anticipated, be ready to commence operations early 





next year, and considerable interest attaches to them 
from the fact that they are the first works in this country 
which have been specially arranged for carrying out the 
Bessemer process with metal drawn direct from the blast 
furnace. In the course of our report of the Iron and 
Steel Institute meeting (vide page 273 ante) we gave 
some particulars of this arrangement, but we are now, 
through the courtesy of Mr. E. Windsor Richards, enabled 
to publish illustrations which will explain its features 
more fully. 





WORKS. 


\ \ 


‘ 


As we stated in our former notice, the blast furnaces at 
Messrs. Bolkow, Vaughan, and Co.’s new works are placed 
sufficiently high to allow of the metal from them being 
tapped into the ladle on the ladle carriage, and this 
carriage will then be run to the converter house on the 
level. Sections of this converter house are given i 
Figs. 1 and 2 on the present and opposite pages, while 
Fig. 3 is a corresponding plan. m these views it will 
be seen that the converters are arranged on the American 
system, there being no casting pit as is usual in English 
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GOODS LOCOMOTIVE AT THE PHILADELPHIA EXHIBITION. 
CONSTRUCTED BY THE BALDWIN LOCOMOTIVE WORKS. 
(For Description, see Page 400.) 


Fig. 4. 
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it will also be seen that three other hydraulic cranes are 
provided for removing and replacing ingot moulds, &c., 


do not face each other as is usual here, but are placed 
side by side and arranged to tip forward, The position 






practice, but only one working level. The converters also | of the ladle crane is shown by the plan Fig. 3, from which 


this being work which is greatly facilitated by the absence 
of a pit. 

We must now describe the arrangement for supplying 
the molten metal to the converters. Between the latter 
there is provided a hydraulic hoist, as shown by Figs. 2 
and 8, and on the platform of this hoist the ladle con- 
taining the molten metal from the blast furnaces is run, 
and then raised to the level of the converter platform. 
In Fig. 2 the ladle carriage is shown in the act of being 
thus lifted. Arrived at the platform level the ladle car- 
riage is to be run forward on to a small traverser which 
runs on rails laid along the platform in front of the con- 
verters as shown in Fig 3. In Fig. 1 the ladle carriage 
is shown in position on this traverser, and it will be seen 
that by means of this latter the ladle with its charge of 
molten metal can be run either right or left, and tipped 
to discharge the metal into either converter as may be 
desired. In Fig. 8 one of the converters is shown turned 
down to receive its charge. The spiegeleisen will be 
melted in small cupolas (not shown in our engraving) in 
the ordinary way, the charge being weighed before being 
emptied into the converters. 

A crane affixed to the roof columns is provided on each 
side of the converter platform for changing the converter 
bottoms and similar work, and it will be seen from our 
engravings that the whole arrangement of the plant has 
been worked out with much care and judgment. Alto- 
gether this system of mounting Bessemer converters forms 
a striking contrast to the arrangements adopted at the 
older Bessemer steel works, and the increased accessi- 
bility of all parts and facilities for removing the ingots 
after teeming, &c., cannot fail to have an effect in reduc- 
ing working expenses even apart from the saving gained 
by the use of the molten metal direct from the blast 
furnaces, 


INSTITUTION OF MECHANICAL 
ENGINEERS, 
To THE EpiTor oF ENGINEERING. 

S1tr,—It may not, and I think cannot, be generally 
i a g Ao moon - of this a that coniee 
of the rs at approaching meetings may (in 
cuusideanes of a recent rule to that effect) be obtained on 
application to the secretary a few days prior to the date of 
the meeting. 

It is possible that were members to avail themselves 
of this privilege, the standard, both of the papers read and 
of the discussions following them, would be raised. 


I am, Sir, yours obedientl: 
November 8, 1876. MIME, 


Pe Beieran Iron a vaeemeeetens _ _“ of 
Belgian rolling mills have formed a syndicate with a 
view to an extension of their business relations. 














Tue InsTITUTION or Crvit EnarInzrRs.—The first 
ordinary meeting of the -ninth session of this scientific 
society will be held on , the 14th inst., at the house 
of the Institution in Great , Westminster. 
The members have been reminded of the obligation entered 
into on election, to promote in every possible way the 
obj for which the Institution was founded in the year 
1818 and was incorporated by royal charter in 1828, viz. 
‘for the general advancement of mechanical science, and 
more particularly the acquisition of that species of know- 
ledge which constitutes the profession of a civil engineer,”’ 
as in the said charter, 
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NOTES FROM THE SOUTH-WEST. 

Wye Valley Railway.—On Wednesday the Wye Valley 
Railway, from Chepstow to Monmouth, was opened to the 

blic. At Chepstow, there was no demonstration of any 

iption. Thefirst train started from the Great Western 
Railway station at 8.30 a.m. with comparatively few pas- 
sengers, but the day being a delightfully fine one, they 
enjoyed the journey Sone the lovely valley thoroughly. 
It appears there will be four trains in each direction daily, 
excepting Sundays, when there will be no traffic. 

Dynamite Experiments.—On Friday afternoon a num- 
ber of gentlemen visited the Radyr , near Llandaff, 
for the purpose of witnessing some experiments, intended 
to demonstrate the power, safety, and economy of dyna- 
mite as an explosive for blasting rock and other hard sub- 
stances. The experiments were conducted by Mr. W. Toye, 
representative of the British Dynamite Company (Limited), 
assisted by Mr. W. Smith, the proprietor of the quarry, 
who gave facilities for carrying them out; and the dyna- 
mite was supplied from the establishment of Messrs. Cross 
Brothers, of Cardiff, who are the agents under the company 
for South Wales. Up to a recent date Mr. Smith had 
been in the habit of carrying on blasting operations with 
the ordinary blasting powder, and Friday’s experiments 
were made with the view of showing the great superiority 
of dynamite over thisexplosive. The result was satisfac- 
tory, and the operations afforded convincing proof to every 
one present of the terrible destructiveness of dynamite 
under certain conditions. The plan adopted was to charge 
five or six huge pieces of rock with dynamite cartridges ; 

the visitors having retired to a safe distance, the 
charges were fired by Mr. Smith. The first experiments 
were made at the top of the quarry, where about eighteen 
holes were c with a few ounces each of dynamite 
cartridges in a very short space of time, and an immense 
quantity of stone was displaced. The next trials, which 
were the most interesting of the day, took place in the 
centre of the quarry. Three holes were bored in a strong 
ledge of rock, two of them being stopped with ordinary 
tamping and the other with water. The fuses having been 
ignited, each charge exploded with a loud detonation, up- 
rooting an enormous mass of stone. The one tamped 
with water gave equally good results with the others, and 
by these means the spectators had a practical proof of the 
valne of dynamite in wet workings. After these satisfac-’ 
tory results, the party adjourned to another part of the 
quarry, where a huge piece of rock was experimented upon 
and broken into fragments without boring, by means of a 
cartridge upon the surface, covered with a handful of clay, 
thus demonstrating the great power of dynamite, and its 
tendency to strike downwards. Some other experiments 
were made with the object of showing the safety of this 
explosive. In order to prove this, Mr. Toye inserted a fuse, 
without a detonator, into one of the dynamite cartridges, 
and the result was that the charge burnt harmlessly 
in his hand. Some other experiments proved that con- 
cussion, even when the dynamite is burning, will not cause 
it to explode, and it was remarked that the fears entertained 
by the directors of railway companies and others upon this 
point are unfounded. Some cartridges, with lighted fuses, 
were thrown into an adjacent pond, which in some places 
is 18 ft. deep; and from the effect of the explosions it 
was clear that dynamite is as powerful under water as in 
dry workings. 

The Téméraire.—Workmen on board the armour-plated 
ship T'éméraire are now e in making preparations for 
the placing in position of the ram of that ship. The ram 
will be placed in a groove some 6 ft. below the water line, 
and will project several feet beyond the stem of the vessel. 
It is made of iron, brought to a fine point, and will weigh 
nearly 7 tons. Although it is now to be placed in position, 
it will be removed in before the venti laneee the dock, 
as it is only intended that the vessel shall carry it in position 
during actual warfare. When completed the Téméraire 
will be a formidable vessel. 

Dowlais.—A month’s notice to conclude contracts in the 
iron and steel departments of the Dowlais Works has ex- 
pired, and is expected to affect some 500 or 600 men, who 

ill consequently be thrown out of employment. This 
wholesale suspension of operations is causing some con- 
sternation in the ee and Dowlais districts, though it is, 
to some extent, believed that the discharged men will have 
an opportunity of returning to work on the ‘“‘ long time” 


system. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 








MIDDLESBROUGH, Wednesday. 


England that rail orders cannot be had. In other branches 
manufacturers have less reason to complain. 

Tron Shipbuilding.—On the northern rivers there is a 
marked improvement in iron shipbuilding. The firms on 
the Tees are very busy, and the numerous inquiries afford 
fair grounds for believing that for the next few months all 
the shipyards on the north-east coast will be pretty full of 
work. 

Engineering.— Various branches of engineering are 
fairly occupied. Of course there is nothing like the 
business which there ought to be in this + industry, 
but hope is entertained that the worst of the bad times is 
over. 

Tron versus Steel Rails.—On several occasions we have 
called attention to the experiments of Mr. I. L. Bell, M.P., 
on rail making. It is now stated that Mr. Bell is able to 
make iron rails which for durability are superior to steel at 
a cost of 11. per ton above the figure that ordinary Cleveland 
iron rails are sold at. Should this prove to the fact 
when tested on‘a large scale, it is not too much to say that 
the district of Cleveland, which has suffered such a long 
depression, will soon be in a prosperous state. This ques- 
tion of iron versus steel rails is of the greatest importance 
to the North of England, and it is ho that Mr. Bell’s 
rails may prove all that is expected of them. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig Iron Market.—The market opened “—_, 
on Thursday empee s Ay ay sellers at 57s. 1¢d. one mont 
fixed, improving quickly to 57s. 6d. cash paid on the receipt 
of news that an armistice had been agreed to between the 
belligerents in the East of Europe. On Friday morning 
the macket was steady at the opening at 57s. 6d. cash, and 
slightly improved during the day. A large amount of 
business was done at 57s. 6d. and 57s. 7}d. cash, and at 
57s. 74d. to 57s. 9d. one month, sellers remaining at the 
higher quotations. The market was again steady on Mon- 
day morning, when a moderate business was done in 
warrants at 57s. 6d. cash, and 57s. 6d. to 57s. 7}d. 
one month fixed, closing sellers 57s. 74d. cash, buyers 
57s. 74d. one month open. In the afternoon prices remained 
as inthe forenoon, sellers 57s. 7id., buyers 57s. 6d. cash, 
Yesterday’s market was quiet, and during the forenoon 
1500 tons changed hands at 57s. 6d. for various dates, 
closing sellers at that price prompt cash, buyers 57s. 44d. 
Business was done in the afternoon at 57s. 7}d. cash paid, 
closing with buyers at that price, sellers 14d. per ton more. 
There was a certain degree of firmness this forenoon, but 
only a limited amount of business was done in warrants at 
57s. 74d., closing sellers 57s. 8d. cash, buyers 57s. 74d. 
The afternoon price for sellers ran up to 57s. 9d., buyers 
at the close 57s. 74d. The general tone of the market 
seems to be improving, and operators have been acting with 
more freedom since peace has become more probable, and 
transactions of magnitude are more readily entered into. 
Shipping iron isin better demand, and several makers have 
announced an advance on some of their brands. Last 
week’s shipments amounted to 9284 tons as against 
10,531 tons in the corresponding week of last year. A con- 
siderable quantity of iron still continues to be sent into the 
warrant stores, and the stock with Messrs. Connal and Co. 
up to last Friday evening ;was 96,396 tons, thus showing 
an increase of 1222 tons » Lew the week. The number of 
blast furnaces in operation still continues to be unaltered, 
there being 118 in blast as against 116 at the same time last 
year. Messrs. William Dixon and Co. (Limited) are raising 
one of the blast furnaces at their Govan Works. The two 
that have been raised and closed in at the top within three or 
four years are reported to be working exceedingly well. 
There are still two blowing, which are on the old m +4 


Edinburgh and Leith Engineers’ Society.—The first 
meeting of this Society for the session was held last 
Wednesday night, Mr. A. Leslie, C.E., in the chair. The 
opening address to the members was delivered by Mr. W. 
Allan Carter, C.E. 


Institution of Engineers and Shipbuilders.—The open- 
ing meeting of the session of the Graduates’ Section of this 
Institution was held last night, the President, Mr. D. C. 
Hamilton, in the chair. After some formal business was 
disposed of, the Silver Medal given annually by the council 
of the section on account of the best paper read by a gra- 
duate during the preceding session was awarded by a vote 
of the meeting to Mr. James Daine, for his paper on ‘‘ The 
Efficiency of Heat in Boilers, and its weok f Engines.” 
This is the first occasion on which the medal has been 
awarded. The President afterwards delivered the intro- 


The Cleveland Iron Market.—Yesterday there was again | ductory address, in the course of which he dwelt at some 


a good attendance on ’Change at Middlesbrough. The tone | 


of the market was better. While some brokers declared 
that they could buy No. 3 Cleveland pig iron at 46s. per ton, 
there were makers who stated that they would not book | 
orders for forward delivery of No. 3at 46s. 6d. Buyersare | 
showing more anxiety to place orders, and it is expected | 
that during the winter an improved trade will be done. 


The Make and Disposal of Cleveland Pig Iron.—The 
monthly returns of the Cleveland Ironmastecs’ Association 
have just been issued. From these it a that of the 162 
blast furnaces in the North of England 110on! are in opera- 
tion, 52 remaining idle. When it is considered that each blast 
furnace costs about 25,000l., it is not diffitult to calculate 
that at present the blast furnace plant in operation repre- 
sents ing like 1,500,000/. lying dormant. In addition 
to capitalists, the number of men thrown 
he Consett Iron 


= 
out of employment is very considerable. 
Company are building one new furnace. 

The Finished Iron Trade.—Generally the rts as to 
the prospects of the finished iron trade are a little more 





encouraging, but it is a serious let down for the North of 


length on pistons for steam cylinders and on long-stroke 
engines for screw steamers. A cordial vote of thanks was 
passed to Mr. Hamilton for his address. The new museum 
and lecture hall in connexion with the Watt Institute, 
Greenock, were formally opened last Friday evening, the 
whole cost of the scheme, amounting to well-nigh 70001., is 
to be defrayed by Mr. James McLean, of Westbank, an 
act of rare generosity. During the evening very special 
interest was imparted to the proceedings by an address 
from Mr. Henry Wollaston Blake, partner of the firm of 
James Watt and Co., Birmingham. He said it was im- 
possible to calculate how much the world was indebted to 
the late James Watt, the most illustrious man Greenock 
ever produced. The firm of which he had the honour to 
be senior partner had done something to develop the great 
industry of engineering. In 1815, not long after Henry 
Bell’s experiment with the Comet, the firm of James Watt 
and Co. built and engined the first steamer that made the 
ocean voyage, as it was then called, between London and 
Rotterdam. The engines of that vessel were thought then 
to be of extraordinary size—they were actually fourteen 
horse power—and it was curious to think that the same 








firm had made the marine engines ever made— 
namely, those for the + Eastern, which were of 1600 
horse power nominal, or about 8000 of working power. 
They had also made the-largest oscillating engine, namely, 
the 36.in. cylinders now in use in some of the Irish Channel 
steamers ; and the success of their firm was due to the pre- 
siding spirit of the founder. . 

Arbroath Harbour Improvements.—The accounts of the 
harbour of Arbroath for the financial year just completed 
show that abont 60,0007. have been expended on the new im- 
provements, including the formation of a wet dock, and on 
the! new patent slip. The works are well advanced towards 
completion. 

Burntisland Dock.—It is now definitively resolved that 
the new wet dock at Burntisland shall be formally opened 
next month. Two Danish vessels were permitted to enter 
the dock on special terms last week. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Winding up of G. and J. Brown and Co. (Limited).—On 
Friday afternoon last an extraordinary general meeting of 
the shareholders of G. and J. Brown and Co. (Limited) was 
held at Rotherham, for the purpose of considering the 
affairs of the company. After a long discussion it was de- 
cided to wind up the concern, the liabilites of which are 
136,0007. and the assets about 96,0007. 


The Barnsley Coal District.—It is mentioned as a fact, 
demonstrating great activity of colliery enterprise in the 
vicinity of Barnsley, that in the last five or six years the 
annua! output has grown from about two and three-quarter 
million tons to over four million tons, and the number of 
persons employed at the pits has increased from six thousand 
to fully twelve thousand. 


The Railway aren Fitters Lockout. — For several 
weeks past the whole of the railway spring-fitters employed 
at the various Sheffield works carrying on that branch of 
business have been locked out, the men having declined to 
accept a reduction of ninepence per cwt. for the old rates of 
payment. They now offer to accept a drop of threepence 
per cwt., but the employers hold out for the acceptance of 
their original terms. 


Railway Accident near Leeds.—On Sunday morning a 
goods train broke down and smashed itself up at Hunslet, 
near Leeds, on the Midland main line, both lines of rails 
being blocked for several hours, and the mail trains 
seriously delayed. 


New Engine Shed at Sheffield.—For some time past the 
Midland Railwa, .Company has been building a large ad- 
ditional engine shed at Brightside, Sheffield, and it is now 
progressing so well that it will probably be finished in 
February next. It will accommodate 24 locomotives, and 
is built, in three bays, of brick. 


Wheatman and Smith (Limited).—The directors of this 
Sheffield company in declaring a dividend at the rate of 
15 per cent. for the year ending September 30, state that 
the plant and machinery have been properly maintained. 


Nail Making by Machinery at Leeds.—Messrs. Green- 
wood and Batley, of Armley-road, Leeds, have just com- 
menced working a clever nail-making machine invented by 
a Mr. Brundage, an American. It will produce horse nails, 
stated to be of equal to hand-made quality, at the rate of 
eighty or ninety nails per minute. Each nail in passing 
through the dies receives 45 blows from a steam hammer, 
and is discharged from the machine in a red-hot condition. 


New Bonded Stores at Shefield.—The Midland Rail- 
way Company’s new bonded stores at Sheffield, the first in 
the town, are now completed. They are situated in Saville- 
streetand are most substantially built, an enormous quantity 
of iron being used. They are fitted up with the most ap- 

roved hydraulic lifts, &c., and have a convenient boiler 
Souse attached. 








CuBa.—The greatest length of the Island of Cuba, 
following its curve, is about 660 miles; its breadth, which 
is very irregular, varies from 11 miles to 135 miles, while 
the coast line may be estimated at 1800 miles. The total 
area of Cuba, with its dependencies, is 48,489 English 
square miles. The population numbers 1,370,211 persons, 
of whom 764,750 are whites. This computation is irre- 
—_ of the Spanish military force maintained in the 
island. 


AUSTRALIAN CoAL.—The directors of the Scottish Aus- 
tralian Mining Company report that in anticipation that, 
owing to the depressed condition of the coal and iron trades 
of Great Britain and low rates of freight, some diminution 
in orders for Australian coal for Eastern markets was to be 
expected, has, to a certain extent, been realised. At the 
same time, the directors state that the general coal sales 
of the company, notwithstanding this unfavourable in- 
fluence, have been well maintained. 


AMERICAN TELEGRAPHY.—In the year ending June 30, 
1876, the Western Union Telegraph Company expended 
563,847 dols. in repairs of its line, and 386,779 dols. in works 
of reconstruction, making a total expenditure of maintenance 
of line of 950,627 dols. This total presented an increase 
of 122,549 dols. over the corresponding figures for 1874-5. At 
the close of June, 1876, the company had in use 8437 sets 
of instruments for reading by sound, 18 printing instru- 
ments, 1729 recording instruments, 11,186 relay magnets, 
11,365 transmitting keys, 253 repeaters, 4328 switchboards, 
4133 cut-offs, 3201 igh ing arresters, and 93,819 cells of 
battery. The cost of new instruments and apparatus for 
the year was 95,461 dols., all of which was charged to 
working expenses. 
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THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr. JouN Bocart, the 
Secretary of the Society of Civil Engineers at the Cen- 
tennial Exhibition, will, until the close of that Ew- 
hibition, act as the representative of ENGINEERING, and 
communications relating to editorial matters may be 
addressed to him either at the Society of Civil Engi- 
neers’ rooms at the Main Building of the Exhibition, or 
at 1100, Girard-street, Philadelphia. 





NOTICES OF MEETINGS. : 

THE INSTITUTION or OIViIL ENGINEERS.—Tuesday, November 
14th, eeem “The Japan Lights,” by Mr. R. Henry Brunton, 
M. Inst. O.E. 

THE METEOROLOGICAL SOCIETY.—At'the ordinary meeting of 
the Society, to be held at the Institution of Civil Engineers, 25, 
Great George-street, Westminster, on Wednesday, the 15th inst., 
at7 p.m., the following papers will be read: “ Results of Meteoro- 
logical Observations made at Rossinitre, Canton Vaud, Switzer- 
land, during 1874 and 1875,” by William Marriott. “The Climate 
of Fiji,” by R. L, Holmes, F.M.S. ‘Notes on some remarkable 
Errors in Thermometers recorded at Sydney Observatory,” by 
H. C. Russell, B.A., F.R.A.S, 

THE INSTITUTION OF SURVEYORS.—The first ordinary general 
meeting of the Session will be held on Monday, November 13th, 
1876, when the President, Mr. Edmund James Smith, will open 
pew — with an Address. The chair to be taken at eight 
o’cloc! 
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UNDERGROUND LONDON, 

THE recent conference of the Society of Arts 
Committee (noticed at page 369 ante), and corre- 
spondence that has appeared in the papers, have 
brought to light some curious and important facts in 
reference to the sanitary condition of the middle 
and better classes of houses in the metropolis. 
Hitherto legislation has been simply carried out in 
regard to the dwellings of the working classes ; but 
it now appears that those whose means are ample 
and abundant are in a far worse condition, in many 
respects, than their poorer neighbours. 

uring the last quarter of a century a general 
exodus of inhabitants has been made, and con- 
sequently each year the resident population of the 
City proper has decreased. This process is going 


on yearly in an increasing ratio owing to the con- 
version of dwelling-houses into warehouses; the 





great rise in the price of land ; and the extension of 
all the leading railways into the heart of the City. 
Perhaps the last cause has been the most effective 
in depopulating London, for the extremely low 
fares and the advantage of season tickets allow all 
classes, from the ordinary labourer to the opulent 
merchant, to live out of town. 

This has caused an immense demand for houses 
of all classes, but especially such as are low-rented, 
and two results have followed: Either new houses 
have been erected, specially for low rentals; or 
those already existing within a mile or two of the 
City have been lowered in rent, and where once they 
were the residences of well-to-do tradesmen, of but 
few persons in family, they are now converted into 
lodging-houses, with every room filled, leading to 
overcrowding and numerous other sanitary evils, to 
which we shall presently allude. 

Taking the case of the latter class first, it will be 
evident that the mains provided for such houses, 
when first built, are utterly inadequate to their 
present requirements. All such drains to some 
thousands of houses of the kind were the ordinary 
brick, and still remain so. Their object was simply 
to carry off the liquid refuse of the house sink and 
area drainage. The whole of the animal excreta of 
each house was received in cesspools at the back of 
the houses. These pits had to be periodically 
emptied; a system which was of the most offensive 
and dangerous character while the operation lasted, 
and for weeks afterwards, in consequence of the 
walls of the cesspits drying and emitting the foulest 
smells and gases, most of which entered the house. 

Eventually it was resolved that the old-fashioned 
privy should be replaced by the water-closet ; and 
this was enforced by law. The duty of seeing this 
being carried out was partly laid on the vestries of 
the metropolitan area. ater-closets soon be- 
came general, and consequently the domestic con- 
sumption of water increased. This led to another 
improvement which became absolutely necessary, 
owing to the increased quantity of sewage, and that 
culminated in the expenditure of some millions of 
money in the construction of the main drainage 
system by which the sewage of the —— is 
now removed to the respective outfalls at Barkin 
and Crossness, northandsouth. Engineers, medic: 
officers, and the local authorities congratulated 
themselves on this being likely to prove a panacea 
for all the then existing evils, but recent experience 
has proved the idea to be fallacious, Taking the 
metropolis in three circles, we have the centre or 
City decreasing in population ; the first circle, say a 
radius of two miles from that centre, increasing 
rapidly and ee the second circle em- 
bracing a range from the Crystal Palace by Hammer- 
smith, Acton, the lower parts of Hampstead, Hol- 
loway, Dalston, Bow, &c.; and, lastly, we have 
the outer circle consisting of new houses, of the 
detached villa style so much sought for by the City 
tradesman or his clerks, 

Dealing with the first circle, that is within two 
miles or so of the centre of the City, it is true that 
to external views the closet is universal. But a 
little further inyestigation will show that in many 
cases the old cesspool is still beneath it; and in 
some hundreds of cases no new connexion has been 
made between the closet and the main sewers, but 
an accommodating drain has been made into the old 
small sink or area drain, and consequently about 
ten times as much refuse has to pass through the 
latter than was intended when it was constructed, 
me forty years ago. Of one district in London with 
which we have had personal acquaintance for a con- 
siderable time, in a length of at least a mile and a 
breadth of half a one, scarcely a new drain has been 
made from the house to the main sewers, The old 
drains still remain, and in many of the houses as the 
barometer falls and the temperature rises sewer gas 
enters the house. One instance may be especially 
named. A terrace of houses of ten to twelve rooms 
each formerly inhabited by city merchants, paying 
a rental of 70/. to 80/. a year, is now converted into 
lodgings, each room being crowded, and each floor 
of two rooms containing from four to seven persons, 
mostly children. Externally the houses have still a 
handsome appearance, but internally they have, as 
regards drains, dust-bins, sink traps, &c., every ima- 
ginable defect which the age of the tenements and 
the ignorance of their original builders could pos- 
sibly induce. At the back of these houses are some 
scores of others, all in the same condition, and in- 
habited entirely by labouring men and their families, 
who crowd each floor to repletion. Yet the local 
authorities are quite aware of these facts, but not 








one step has been taken even to inquire into such a 
state of things, nor, perhaps, will this be done until 
the outbreak of some epidemic calls public attention 
to the case. 

The two outer circles, but especially the second 
to which we have ref , are under different con- 
ditions. The houses in both have almost wholly 
been constructed since the privy has been abolished 
in the metropolis. But in some cases these houses 
are positively worse than those we have described. 
One instance may be taken as an illustration, With- 
in the last six or seven years several hundred houses 
have been built, within a fourpenny rail-ride of 
the City, and in one of its most pleasant suburbs, 
Each house has an attractive exterior, gardens, and 
water-closets. The latter drain into a sewer in the 
centre of the road. But this sewer had no outlet, 
nor was there any main sewer in the district. Con- 
sequently it was found some years ago that the 
closets actually made a horizontal cesspool of the 
road sewer, and when this was taken up about two 
years since, having been completely filled, the danger 
which the inhabitants had incurred was seen. Yet 
all these houses were advertised as well drained ! 

But another danger is incident to this second 
circle of the suburban district. Confining attention 
to the north of the Thames, it will be found that 
the virgin soil is either stiff clay or gravel, the 
majority of the sites being on clay. We shall not 
stop to discuss the question of the healthy character 
of a gravelly soil. In respect to the clay several 
hundred houses have been constructed on a founda- 
tion, the bottom of which had two or three feet of 
8 ant water under the kitchen floors, This is 
bad enough, but in a part of the districts to which 
we are calling attention, the clay originally there 
has been dug out for brick-building purposes, and 
been replaced by every imaginable refuse of the dust 
heap, rubbish being shot there by invitation and 
payment. It is needless to speculate on the con- 
sequences that must ensue. hat from the wetness 
of the pure clay and the effluvia of the dust founda- 
tions, such houses are simply means for deteriorating 
health by a slow process, or of mercifully cutting 
short the miseries of persons who reside in houses so 
situated. 

The imperfection of the drains of all such houses 
results in producing other serious evils. In nearly 
every newly built house the drain is Jaid from the 
back of the house, under the kitchen floors or the 
general passage, and continued to the sewer in the 
road. Now if it were possible to lay drains with 
hermetically sealed joints, still some little danger 
might result, But the drains to such houses consist 
of glazed stoneware pipes of short length, involving 
numerous joints, which are almost incapable of being 
properly connected. Hence the sewage of the house 
is continually leaking beneath it. If this occur on 
a gravel foundation, the evil will not be apparent 
for some time, because the liquid is absorbed. But 
this is only a respite from the danger, for this latter 
is simply accumulating force for a sudden outbreak. 
If, on the other hand, the house foundation be of 
clay, then pools of sewage are formed under the 
whole house. The next step is that the foetid matter 
— creeps up the walls of the building, pro- 

ucing all the classes of disease that accompany 
sewer gas poisoning. 

Other causes which tend very much to injure 
health to the older portions of London is the efflux 
of gas and sewage matter from the pipes and drains 
laid in the roadways. When any road repair is 
carried on within a radius of a mile or two of the 
centre of the metropolis, a large quantity of thick 
black foetid matter is dug out. In many parts, 
especially around and in the City, the remains of the 
churchyard long ago forgotten, become apparent. 
From all or some of these causes the born s A of 
old houses in the City have always, during a falling 
barometer, a most offensive smell, and despite all 
attempts to cure the evil it breaks out again, should 
any crevice occur in the concrete, asphalte, or other 
material that has been used to prevent it, An 
analysis of the subsoil of some of the City ware- 
houses would show some curious facts. 

Were it possible to remove the whole of the 
surface soil which now covers the sewers and 
house drains of the 500,000 odd habitations of the 
metropolis a sight would be presented which would 
appal the boldest engineer, and lead us to despair of 
ever effectually removing the dangers to which 
the population is constantly exposed, Yet these 
must eventually be faced and remedied. The 
peculiar fitful temperature that has been ex- 
perienced during the last few years has masked the 
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evil. Sooner or later, however, it will a It 
is, therefore, imperative that early legislation should 
bring about in our house drainage a change which 
can now be effected above ground by the Artisans’ 
Dwellings Bill, and in an analogous manner, only 
the law in the case of the drain must be imperative 
and not simply permissive. 





THE RUSSIAN NAVY. 

On page 410 will be found a Table of the principal 
dimensions, &c., of the ironclads of the Russian 
Navy, which will be of interest at the present time. 
It is little more than a translation of a Table which 
appeared in the Revue Maritime et Coloniale last May, 
at the conclusion of a series of articles upon the 
Russian Navy, in which a great deal of information 
is given relative to its personnel and its administration. 
To the same source we are mainly indebted for the 
following particulars, though it is only fair to say 
that the papers in the Revue are avowedly based 
upon an article in the Tidskrift i Sjivasendet, of 
—, by Lieutenant Juels, of the Swedish 

avy. 

Excepting the Peter the Great, the Minin (a 
vessel of which little is known in this country) and 
the two Popoffkas, or circular ironclads, the Russian 
ironclad fleet is rather numerous than powerful. 
It comprises no less than 29 vessels, but of these, ten 
are coast-defence monitors of early date, on 
Ericsson's plans, and carrying only one turret with 
two 9-in. rifled, or 15-in. smoothbore guns, They 
are of one pattern, steaming from six to seven knots, 
drawing 12 ft. of water, and armoured, on the sides, 
with 5-in, plates, on a backing of nearly 3 ft., and 
on the turret with eleven l-in. plates without back- 
ing. The engines are of 160 nominal horse power, 
and they have special engines for moving the turret, 
and for ventilation. They add a formidable element 
to the defence of the shallow Baltic ports, but they 
have no other use. They are without spurs. 

The Smertch, a monitor with two turrets, but 
carrying only one 8-in. gun in each, was built in 
England in 1864, on Captain Coles’ system. The 
armour, both on sides and turrets, is but 4}in. 
She was proved to possess, we believe, fair sea- 
going ities, in the sense in which the Mian- 
tonomoh was sea-going, but she can only be con- 
sidered now as a very weak coast-defence ship. The 
draught of water is 11 ft. 6in., and the speed about 
8 knots, 

Two other monitors, of later date and somewhat 
grinter power, complete the Russian coast-defence 
thes. These are the Tcharodeika and Roussalka, 
buut in Russia about 1868. They draw 12 ft., and 
steam 84 knots, and aspire also to some measure of 
seaworthiness, though their freeboard amidships is 
only 2 ft., and they roll very heavily. An ale of 
35 deg. has been recorded—a suggestive fact, when 
it is remembered that, from the dimensions of these 
monitors, their metacentric height must almost cer- 
tainly be much less than that of the Miantonomoh, 
whose rolling, nevertheless, rarely exceeded from 
5 deg. to 7 deg., while from their even lower free- 
board they ought to derive much more advantage 
than the Miantonomoh did from the supposed 
steadying or “ bilge keel” action of the immersed 
edge of the deck. The side armour of the Tcharo- 
deika and Roussalka is 5 in, thick ; that on the 
turrets 6in,; and they carry four 9-in. guns in two 
turrets. 

Passing now to the sea-going fleet, we find two 
wooden ironclad frigates, the Sevastopol and Petro- 
polosk, dating from 1863, and armoured with only 
4}in. plates. They carry, besides lighter pieces, 
respectively ten and twenty 8-in. breechloading 
guns. They have large crews (609 and 682 men), 
and displace about 6000 tons. The Sevastopol is 
said to have steamed 13 knots at the mile, though 
she is now credited with 11 knots only, With con- 
siderable proportion of length to beam these vessels 
may be considered as nearly obsolete, 

ven less formidable are the three “ batteries,” 
the Pervenetz, Ne-Tron-Menja, and the Kreml,{with 
speeds ranging from 7 to 9 knots at best. They are 
iron built, but it is said that their excessive rolling 
and pitching makes it difficult to reckon them among 
sea-going vessels. ‘They are armoured generally 
with 4}1n. plates, but the Kreml has plates of 
nearly Gin. thick amidships, Their heaviest guns 
= 8-in. rifles, but the armaments vary consider- 
ably. 
‘ The “ Nag nat — Pojarski is a central 
attery ship, having eight $-in. guns in the battery. 
She is of later date (1867) than the preceding, but 





is as lightly armoured, the plating being 44 in. thick 
above, and 4in. below water. The displacement is 
moderate, and the speed 11 knots. She appears to 
be a capable, if weak cruiser, and is, or was lately, 
in the Mediterranean. 

The remaining broadside ships, the Duke of Edin- 
burgh (originally called the Alexander Nevsky), 
and the General-Admiral, are of quite recent con- 
struction, and embody a novel principle. It is the 
fashion to speak of them as lightly-armoured Ra- 
leighs or Bacchantes, i.e., as answering to our high- 
speed unarmoured frigates or corvettes, but with the 
further advantage of moderate armour, but the 
analogy appears to us false. The fine lines, moderate 
displacement, and large engine-power of the Russian 
ships should give them considerable speed, probably 
exceeding the 13 knots allowed in the Revue, but 
we doubt their proving faster than our best iron- 
clads, and they will not compare in that respect with 
the Inconstant or the Raleigh. They are of iron, 
sheathed with wood, and have a belt of 6-in. 
armour 7 ft, wide. They have no spurs. On the 
upper deck is an open-topped coated battery, con- 
taining four 8-in. rifled guns, which fire en barbette ; 
there is a belt of 6-in. armour about 4 ft. deep—i.e., 
high enough to protect the slides and carriages round 
the lower part of the battery. The battery is said to 
be shaped like the upper battery of our Invincible, so 
as to give both broadside and right-ahead and astern 
fire from corner ports ; there are also two 6-in. chase 
guns. Those who believe in armoured corvettes, or 
in any other small ironclads, will probably think 
this design a wise compromise between mobility and 
fighting power. Our opinion is different; to us 
they are merely weak ironclads, unable to engage 
any other ironclad of modern construction, and not 
certainly able to escape from all. Except in very 
rare cases they can, no doubt, perform all the ser- 
vices which the Raleigh or Inconstant can perform, 
but not more efficiently, while their extremely weak 
armament might tempt the Inconstant with her fine 
battery of 12-ton guns (we only wish, with Mr. 
Reed, that the other ships of the ‘class were armed 
in the same way, at least toa much greater extent 
than at present) to show fight, with a result not 
easy to determine beforehand. The Inconsiant, 
however, though unarmoured, is a much larger and 
more costly ship. But though we would rather 
spend the money which the Duke of Edinburgh 
andthe General-Admiral cost upon either one powerful 
ironclad, or upon two ships of the Raleigh type, it 
cannot be denied that in them the Russian Admiralty 
have shown marked originality of conception,* as 
they have, still more notably, in the Popoffkas. 

Next in the sea-going fleet are ‘the four ad- 
mirals’—the Admiral Lazareff and Admiral Greig, 
carrying each six guns in three turrets, and the Ad- 
miral Tchitchagoff and Admiral Spiridoff, carrying 
four guns in two turrets. These vessels differ little 
from each other, except in number of turrets. They 
are turret ships of the Coles type, with 5 ft. free- 
board in the case of the two last named, and 4 ft. in 
the case of the others. The displacement is about 
3500 tons ; the nominal horse power 400, and speed 
9} tol10 knots. The guns are 9 in,*only, and the 
armour 6 in., both on hull and turrets. They are 
powerful vessels for their displacement, and would be 
effective against many of the earlier broadside ships 
of much greater size. Their sea-going qualities, 
unless ina somewhat narrow sense, may perhaps 
be doubted. A proposal exists to substitute one 
gun of 1] in. (28 tons) for the two guns of 9 in. in 
each turret, and to thicken the turret armour, but 
this is said to stand over on account of the ex- 
pense. 

The Minin is the first vessel on the list which 
approaches the modernstandard of fighting efficiency. 
She is, or was, a rigged turret ship, it is said, of the 
Captain type, and is so described in the Table. The 
armament, 4 guns of 28 tons, and the armour—1]9-in. 
plates on 2 ft. of backing—are very considerable for 
the moderate displacement given (under 5700 tons), 
especially in a rigged ship, but the freeboard was 
probably very low. She is said to have participated 
in one summer's squadron exercises at sea, and to 
have been put in hand for alteration in consequence 
of the catastrophe to the Captain. The alteration 
consists in furnishing her with a central battery 
98 ft. long, rising 10 ft. above the water line. The 
guns will be mounted in pairs on two turntables on 
the main deck, and will en barbette over the top 
of the battery, through two large holes in the upper 
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y; that a very similar design was prepared by Mr. 
Reed for the British Goverment 80 long ago as 1862. 





deck. In either form she will hardly fail to be a 
very formidable ship, 

There only remains, besides the Popoffkas, the 
Peter the Great, which, like them, has been so often 
described that little need be said of her here. She 
is a Russian Dreadnought, clearly superior in guns 
and armour to the Devastation and Thunderer, and 
alleged to be slightly superior to the Dreadnought 
also. She certainly is at present, for she was lately 
under orders for the Mediterranean, whereas, we 
believe, there are months of work yet to be done 
upon the Dreadnought. The Peter the Great has 
14.in. armour, like the Dreadnought, and she has 
iron hollow stringers in the backing as well, which 
are alleged to give an additional resistance equivalent 
to 2in. of iron. Her guns are of 12-in. bore, and 
weigh 40 tons. She is not a ram. 

Russia has thus a powerful fleet for coast de- 
fence, including two ships (the Popoffkas) of very 
great efficiency, but no other vessel of much in- 
dividual power. Her sea-going fleet includes the 
most powerful ship as yet in readiness for service, 
and one other (the Minin) also of great power, but 
believed to be undergoing reconstruction. The rest 
of the sea-going fleet is of small importance, and a 
large part of it would appear to have but a doubtful 
claim to the title. 


CEMENT PIPES. 

Tue extensive works at East Greenwich which 
until lately were in the occupation of the Ransome 
Artificial Stone Company, have ee changed 
hands, and are now devoted to a somewhat similar 
industry carried on by the Thames Silicate Stone 
Company. At present this company is occupied 
solely in the manufacture of pipes, but shortly it 
will produce other objects. The pipe manufacture 
is however of itself an interesting one, and promises 
to assume large dimensions. The materials used are 
Portland cement, and sharp river ballast, with 
which may be mixed a proportion of quarry clip- 
pings, broken earthenware, or burnt clay, the mix- 
ture being made with one part of cement to three 
of ballast. Fine sand has also been used with good 
results, but more cement is then required. The pipes 
are manufactured with machines designed by Mr. J. 
W. Stockwell, of Portland Maine, U.S. A., and 
which although very few in number, are ingenious 
and well adapted to the purpose. There are three 
altogether, one mixing mill, and two moulding 
apparatus ; they are all placed near one end of the 
large shop, and a narrow tramway runs under- 
neath each of the moulding machines, extending 
nearly the whole length of theshop. This tramway 
consists simply of two longitudinal parallel timbers, 
in which wooden rollers quite free to turn are placed 
at very short intervals, 

The mixing machine consists of a circular iron 
trough, with part of the bottom cut away, and re- 
placed by a plate put underneath, and so ar- 
ranged that it can be moved either to close the 
opening, or expose it, handles being attached to the 
plate for this purpose. A vertical shaft passes up 
through the bottom of this trough in its centre, and 
carrying a bevel wheel at its upper end is driven by 
means of a bevel pinion gearing into it, aud mounted 
on the pulley shaft. Upon the vertical spindle, and 
close to the bottom of the trough, two mixing arms 
or paddles are placed, and these in revolving 
thoroughly mingle the cement and ballast which 
are moistened by means of a rose nozzle. The amount 
of water added is variable and determined by ex- 
perience; it must be sufficient to admit of the 
mixture when prepared to retain a true surface when 
smoothed over with the trowel. 

When prepared the cement is taken to the mould. 
ing machines, of which two different arrangements 
are employed, the first for smaller pipes up to 
12 in. diameter, the second for those to 2 ft. or 30 in. 
diameter. The former machine consists of a wooden 
frame, carrying at a convenient height the moulding 
table, A large circular opening is made in the 
middle of this table, and the space is occupied by a 
slightly coned hopper, the centre of which is cut 
away so as to leave a circle corresponding to the 
size of the pipe being moulded. The moulds are 
placed in pairs upon a board running on the rollers 
before mentioned as constituting the tramway, and 
one of these moulds is brought under the machine, 
immediately beneath the mouth of the hopper. A 
cylinder of such a diameter as to enter freely the 
annular space between the inner and outer side of 
the mould is mounted on a vertical spindle, placed in 
the centre of the machine, and driven by bevel 











gear, A keyway is cut down the whole length of 
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this spindle, and a feather in the top of the cylinder 
enters it, and is thus rotated, although it is left free 
to rise and fall, At the bottom of the cylinders are 
four projections, the thickness of the pipe to be 
moulded. These projections each extend a consi- 
derable distance around the cylinder, but do not 
touch, so that between each a space is left to allow 
the cement to fall into the mould, and to facilitate 
this the projecting pieces are bevelled off at one 
end, on the underside. The top of the cylinder is 
formed with a projecting rim, and over it is placed 
a loose bar through which the vertical shaft passes, 
A lug at each end of the bar on its underside is 
placed so as to catch the projection around the top 
of the cylinder, which can thus be raised at pleasure. 
When the mould is in place, and the cylinder at the 
bottom of the annular space, some cement is fed in 
from the hopper at the top, and the machine is set in 
motion. The spaces between the projections around 
the bottom of the cylinder allow the cement to 
fall, and the rapid motion of the cylinder combined 
with its weight serves to compress the cement in 
the mould. Gradually as the material is fed in 
and becomes compressed the mould is filled, and 
the cylinder is raised, until the pipe is made. At the 
commencement of the operation it is necessary to 
raise the cylinder by means of the cross bar before 
mentioned, about a foot, and permit it to fall upon 
the cement in the mould, in order to compress it 
and secure moulding. As soon as one operation 
is complete the hopper is lifted, and the board car- 
rying the moulds pushed forward till the second 
one comes into place, and the work is recom- 
menced, 

The second moulding machine is differently ar- 
ranged, It consists of a wooden framework like the 
former, but the moulding tablehas a hole in the centre 
the size of the pipe to be made, and over the inner 
part of the mould a cover is made to prevent the 
cement from falling through. The stamper consists 
of a vertical bar with an enlarged head of a thickness 
corresponding to that of the pipe. This stamp is 
carried at the end of a horizontal bar, above the 
level of the table, and supported in a socket at 
the end of a lower vertical shaft. The bar is held 
by aset screw in the socket and can be shifted to 
and fro to suit different diameters of pipes. Reci- 
procating and revolving motions are given to the 
vertical shaft, and through it to the stamper, by a 
very simple and ingenious arrangement. A _ hori- 
zontal timber in the frame above the table carries 
the bearings in which the pulley shaft runs. The 
vertical spindle also passes through it and thus 
obtains a guide. At the end of the pulley shaft is 
placed an open cam with an internal path. A bar, 
the end of which is formed with an eye, is passed 
over the vertical spindle and the end enters the 
cam, which drives it for a certain part of each revo- 
lution and then allows it to drop. Within the eye 
at one end of the bar are two blocks the inner faces 

“of which are curved to the diameter of the vertical 
spindle, which passes between them. These blocks 
are free to turn, being mounted on pins passing 
through them as well as through the sides of the 
loop in the bar. The cam in driving the latter 
lifts it, and causes the blocks to grip the vertical 
bar, which is carried partly round and raised at the 
same time, but when the cam ceases to drive, the 
eye bar drops, the grip on the stamper bar is released, 
and the latter falls to be again raised and partially 
rotated by the next revolution of the cam. By 
using different cams, blows ranging from 501b. to 
500 lb. can be given to the cement in the moulds, 
From the above description it will be seen that as 
the cement is fed in and the moulds become filled 
the stamper bar is lifted, as it is always free during 
one part of each stroke. 

The moulds may now be noticed. They consist 
simply of a cast-iron ring to make the base, and of 
such a shape as to form an ogee socket at the end of 
the pipe. The outside of the mould is formed of 
sheet iron bent into a circle and secured by three 
latches on the outside, and the inside of the 
mould is also of sheet iron with two latches on 
the inside. When it is desired to form T pipes 
or elbows, a circular hole is cut in the outside of 
the mould, and this is covered with a plate also 
secured with latches, When a mould is filled and is 
run upon the tramway out of the moulding machine 
the other part of the socket remains to be formed. 
This is done by adding a little more cement in the 
top, and placing over a cast-iron ring, the inside of 
which is formed to the contour of the socket. By 


hammering the mould upon the cement, and turn- 
ing it around by hand, the male portion of the 





joint is made, and it is finally trimmed off with a 
trowel. 

The pipes should be allowed to remain in the 
moulds for a day after they are made, but they can 
be removed without injury an hour afterwards. To 
remove them, the inner sheet of the mould is sprung 
together and lifted out, and the outer sheet is one 
clear of the pipe, which is left standing in fine san 
to prevent injury. In making T pieces the cover plate 
before mentioned is removed almost as soon as the 

ipe leaves the moulding machine, and a hole is cut 
ollowing thatin the mould, Another length of pipe 
formed to the proper contour is afterwards added to 
the first one and the two pieces are cemented 
together, Elbows, bends, syphon pipes, &c., can be 
made by slightly modified machines. 

Finally, the pipes are placed in baths of a solution 
of silica, where they remain for about six days. ‘The 
immersion renders them extremely hard and in- 
creases their strength considerably. 

Pipes thus made are very uniform in their struc- 
ture throughout, they are quickly and easily made, 
and are perfectly reliable at the joints, a very im- 
portant matter when they are employed for drainage 
purposes. Indeed, nape they become mono- 
lithic, and when broken yield no more easily at the 
joints than at any other place. They can, moreover, 
be tapped for making junctions, or if broken, be 
repaired in place by cement and cover plates of the 
same material. Experiments have not yet been 
made to ascertain their powers of resistance. They 
are able, however, to withstand a sufficient head of 
water to render them suitable for water mains 
under favourable conditions, The pipes are made in 
lengths of 2 ft., but when laid it would probably 
be found most convenient to join them up into 
lengths of 10 ft. or 12 ft. before placing them, the 
remaining joints being afterwards made good, 

At the same establishment the manufacture of 
the cement blocks for paving will be shortly com- 
menced, special machines for this purpose being 
now in course of erection, ‘The moulding ma- 
chine consists of a shallow tray with a sliding 
bottom, and a cover, the inner face of which is 
planed to a true face. Put together these parts 
form a box which is placed edgewise in the machine, 
and the cement is fed in at the top, which is left 
open, and carefully rammed. When filled the top 
is lowered into a horizontal position, and the loose 
top is moved to and fro upon the cement so as to 
impart a perfectly true and smooth surface to it. 
It is then lifted out of the box, and the loose bottom 
carrying the block is raised by means of two 
cams, shifted upon a carriage and removed, after a 
suitable time, to the bath. Mr. Hodges, who with 
Mr. Butler has established these works, has 
already made and laid 15,000 of such blocks, 3 ft. 
and 5 ft., for paving in Peru. We need scarcely 
add that the first-named is the gentleman who con- 
structed the great harbour works at Callao, and the 
second is well known in connexion with the 
concrete cylinders which have been already de- 
scribed by us. 

In conclusion, we should mention that the waste 
in the manufacture of this class of pipe is very 
small as compared with that, of earthenware, and 
does not exceed one per cent. This arises from two 
causes; first, that if any accident occurs in the 
process of moulding, the spoilt pipe can be broken 
up and remade, and secondly, they are not subjected 
to any of the processes connected with the manu- 
facture of the earthen pipes, and in which the latter 
are exposed to great chances of damage. 





THE 100-TON GUN. 


THE experiments with the 100-ton gun at Spezzia 
were resumed on the 27th October, and are fully 
recorded by the Zimes correspondent. A further 
examination of the target protected by the 22in. 
steel plate aftera shot had been fired against it by 
the gun, as mentioned in our last number, showed 
the full amount of damage that had been accom- 
plished. The target, although badly strained and 
torn in places, was very far from being destroyed, 
The protecting steel plate was broken into many 
pieces, and the shot passed 22 in. into the 
backing. But clearly the gun had not achieved a 
victory over the target, although a second shot 
upon it would of course—the armour being de- 
stroyed—have annihilated it. 

The first round of the morning of the 27th was 
fired against the Cammell plated —_ The charge 
was 341 lb., and the initial velocity obtained 1478 ft. 








To the surprise of every one present, the target 
proved enbeil incapable of resting the shot. It 
was pierced from front to back, and the projectile 
passed through witha velocity yetremaining of 650ft., 
or equivalent to about 5500 foot-tons of energy 
remaining. The plate was destroyed, the backing 
broken up into splinters, so that a _ protected by 
such an armour, and struck by such a shot, must 
have been sunk almost instantly. Another round 
with a similar charge was then fired against the 
Marrel target, The shot, which struck with a some- 
what higher velocity than the previous one, wrought 
still more destruction, which was to be expected from 
the previous experience, because the Marrel plates 
had already shown a resisting power inferior to those 
of Cammell, The target was, in fact, utterly de- 
stroyed, and the preservation of a ship so injured 
would have been absolutely hopeless. 

Considering the remarkable contrast between the 
power of resistance shown by the steel as compared 
with the iron-shielded targets, a result so opposite 
to that which was expected, it was resolved to fire 
another round against the upper part of the steel 
plate, which it will be remembered had already been 
damaged by the blows from the 10 in. and 1] in, 
guns, in order to ascertain if the previous result 
could be relied upon, Accordingly a 2000-lb, 
shot propelled by 341 lb. of powder at 1490 ft. 
initial velocity was discharged at this plate. The 
result was as before. The plate was destroyed, the 
backing broken, the inner skin torn, and the framing 
bent, but the shot did not penetrate, although it 
buried itself in the backing. Undoubtedly, there- 
fore, the steel plate was proved far superior to that 
of iron, for it was the only one that could avert the 
progress of the shot, at the price, however, of its 
own destruction. 

On the 28th the trials were resumed, only one 
round, however, having been fired from the 100-ton 
gun, This was directed against the target with the 
two armour plates separated by wood packing. The 
charge and the results were the same as before, that 
is the target was destroyed. 

The previous part of this day's experiment con- 
sisted of several rounds fired against the targets of 
the arrangement just named with the 10-in. and 
ll-in. guns. The first round fired from the 10-in., 
against the Cammell target, penetrated about 15 in., 
the point of the shot remaining in the plate, but no 
harm was done to the backing. The second round 
from the same gun was directed upon the Marrel 
plate. Here the penetration was not so great, but 
the damage to the plate was greater, for the p] 
was split through two bolt holes, leaving two pie 


loose. But little damage was done to the backi. ., 
but the plate was evidently too hard for the pur- 
pose, his was demonstrated by the next two 


rounds, in which both 10-in. and |1-iv, guns were 
fired together. The first shots were at the Marrel 
target, the plate of which was broken up into several 
pieces when it was struck, but the inner skin was 
practically uninjured. 

The next similar round was against the Cammell 
target, both guns firing together as before. Deeper 
penetration was now effected, for both shots pierced 
the front plate and the timber packing, and entered 
the inner plate to a depth of 2.4in. The outer 
plate was shifted somewhat, some of the beams were 
strained, and altogether the effect was greater than 
that produced upon the Marrel target ; the 
Cammell plates, however, do not appear to have 
broken up. 








Tue Hypra.—The Lords of the Admiralty have made 
known to the Commander-in-Chief at Devonport their 
opinion respecting an accident to the machinery of the 

dra, with reference to which an inquiry was held by Sir 
Thomas Symonds and Rear-Admiral Willes. Their lord- 
ships are of opinion that the accident cannot be fairly attri- 
buted to the fitting of the valve boxes, but they consider 
that Mr. Covey, inspector of machinery of the Reserve, and 
Mr. Johnson, the chief engineer of the ship, are to blame 
for not having had the valve boxes examined, at least once 
in six months, and especially before raising steam after so 
long an interval. Their lordships are also of opinion that 
it was the duty of the then captam of the Steam Reserve 
to ascertain whether an examination of all the important 
parts of the machinery was actually made at proper in- 
tervals of time. They cannot exonerate the chief engineer 
of Keyham Factory, and his assistant, from blame. They 
should have called the attention of the inspector of ma- 
chinery in the Steam Reserve to the necessity of examini 
the valve boxes fitted with iron bolts at short intervals, an 
should have reported the matter to the Admiral-Superin- 
tendent and captain of Reserve at the morning meeting, 
the machi of ships in the Reserve being an important 
matter in which both the engineer officers of the dockyard 
and the Steam Reserve have a common interest afd a 
common duty to perform. 











*soqouv1 
831 PUY UWOISTAIp W194svo sy UOdN sTrBI [9048 Jo soma rh 

pit fSusduoy Avmprey o1iy on} ‘raved siq3 Og soquiczdeg 
UIpue SyzUOU OUI O44 U[—'AIAY AHL NO SIIVY IHALg 


“savek aay 0} poonpes Ayquqoid 
oq FyStm sok oulU 10 44310 oY ‘aeSporp urve4s njzomod | 


Joqjoue jo droy oy; 4x14 f -7§00°ZIZ BSurposoxe you 4s00 ¥ 
OATOATI pfNOA pus ‘suoTzviedo SutoMEUIUIOD JO OUT} ON} WOIT 
s1vok oUIU 0344310 WOIJ JO poLtod w 19A0 puszxe ‘poqzepudy BO 
ST 41 ‘pINOM YIOM OUT, “Opis “97 00g [oUTBYO B qZIM ‘sopty 
Suyids 10yvM Moy “43 QT JO Yydap B 04 y10d 04} 07 youordde 
pus 1vq JoTUT 04} pus ‘45 OZ 0} “OPI¥fEpY WO 4¥ 1vq 10yNO 
04} uodesp 03 e[qissod oq [TM 4I ‘puelsuq eAvo] 07 ynoqu 


Mou ‘eSunytAA 94} ‘t98perp szeddoy urvaqys jnjzomod puv 
Mou 8 Jo suveut Aq 48q} popodxe st 4J—aaIVIaay LYOg 


“stuvalf{suuag pus ‘fyonqua yy 
‘SIOUTT[] Ul SOUT] 1OJ OSnvs puv ssupo ourvs oy} Jo soursua 
Zuryon.14sU0d OIV SYIOMA OAYOWIOIO'T SHOOT OUT, “NOT Ut 
T JO JUarpuslds B UO SO} ONT MBAP [ITM 4r 4Uq} pozezS st 41 


pus ‘su0} CT JNOGe SI AopI0 Surz10M Ut oULsuO 043 JO FU SIom 
UL ‘UrgT Aq “UIT, stopurpAo ‘AoyoureIp UT “Ul gE S1aALIp 
yA ‘eSnvs “43g ‘uz0zzud [aZopy on jO St oulsua ONT, 
*BMOT JO PBOITIVY YoolD poyoory pus Ai 1948qo\4 Og} AOZ 
4IMq SATZOUIODO] OFNVS MOLIVE B WOTZVUTYSAP 8}I OF PopABMAOZ 
pus pozopdur0o AyyUs001 OABY ‘YIOX MON “YATYUNGCT Jo SyIO MA 
@ATJOULOIO’'T 


Syoolg OJ, —‘“SHALLOMOOOT NVOIEaKY 








: ](204-09) 
{TOT Pemba | flo wtlo It] o #110 1 ‘rer | & yodog reayupy-0o4,| 
: , 
{ me Pom $lo worlo tolls et] s st Ur “ss porosaon|"** wagodod 


tf 
eseq} JO suojsueup ypedjoujd ey, a 


unploy “ 

un0Y40830 A . 
F “-  anoled “ 
‘ay ¢ 4q poovder gue at ce } ax BAvy 
Uy} O28 Os0q} ynq ‘Suny o10q YOOWS , 6 (‘uy T Jo Spue 48 "Uy =} omaaeah 
“UST GHA poate. ‘orem 4[078[ | 4981 ¢ soyerd []) “Ut IT CR at “Ul 6g sag g0100 ~ 
THun Jo ‘ers unpjoOy pus ‘unoyos}o, | | Hn poet ae “ a 
‘BAVT ‘AUWWT ‘uoydsL, ‘uoseInG yy’ ~ aan 








09T | 08ST 


| 
4 
| (y01103 1) 


dyqs yo148], 
qoyoulg ° 


* UBseing 


pussaq 





F981 he 

| wenmeee 
oyeyd “ay FT 

898T Payeg WosToey WA ~ af 

Oa} UT “Uy OT 


“uy EL 
jo ed von { 


“as 


f lk *} 9 Ol 


yspyure “ay Fp 

f 338 “UT Fe | 
preaioy “uy Fg ¢| 
dyysprare “uy fp | 


{ wut on } 

















| 
“| sent ‘"Ur8 
| 








“+ @y[Vssn0Y “ 

(s701104 &) 
““SHOpolsgoL' dys yen y, 

ZONG49CQ ISVOO yoOa gINssaA 


uy 9 “Uy ST OF “Oy ZI 0 IFS jo0z | OZsT “Ul-6 








("004-05) 
OOFT, 9096 | “EFS qVOIp) OT 190g “ 


| 
190.430q 
{ ame yuite } \ axe “U]-T OM} f sassouyoryy (mo1I05 £) 


PLST UWOesTO[ VE) sessou 4ory} 


“Uy OT 
OAs4 Uy “Ul FT 


14 ‘sessouyorq) 


“U} g PUY “Uy 9) } 
| O49 Ul “Uy FT 


OL £2) #1 
-YSyUyUATP “Uy FT 











sossouyoryy 
O43 Uy Uy Gz 





ow 
eerg} Ul “Uy CT Uys sossom yoy) OA} Ul “UI-ZT 008 | 0s99 UU) digs yoamy, 

ee1y3 Uy “Ul-Fs 
nosey gq oy “e ’ m20M30q . 
*BONTOd SONI { 








ELST f eyed *uy-T appa spuo 38 “UTP rf popridg peryupy ; “ 
BL « } 
| \ pus goxjujmeg pus JoxsujywMeg on ae m9 ue un f sdyyspiure “a9 | poSeqoroL reTEpy ‘aang A 
3 Uy “Uy OL } } 
700430q 
oper “Uy-T Yap 
‘sossouyoryqy 
O43 UT “Ul eT 














| 
 S[8ayMIpy m0z ,, o 9.mqs140q 
< S[tsyMpy mog », ONL —_ on oe peak } 
| Agperyurpy Aeon 
wosieq do mosey GoW 


Byo1p eapapy | “ 
| (sye1.19 ¢) 
* golezvy [sappy dyqs yeuiny, 


(aoay) BONTIOg | | ooo 
£1070q punoi 
pus yoxruruieg f 3194 Oss ‘deep } 
(uoa]) UOss9eq go WL“ JO N9g 


1104 sv omvg 





Ust sdyqsprms “alg 
*97}9q409q U2 OIG > f 
sung) ‘poroddoo pus poy;sveys poom 


wortod 
pus yoxruymeg { 


TeayuIpy [818s ° 
mosi0yd 9K 


| L981 
| 


o 
- 
ee 
ps) 
ie) 
Zi 
o 
Z 
ea) 


ysnquipg jo omg." o140AI09 


8,Dayeg “SIs80]y “ayy pus “ay fp ; : 


WesToTey COI, “Uy [ VO} “Uy OT PUsivfeg couplg |-* oywuTese—) 











“dys 4190uun4 SON TOd F HoyuywEes 00} “UST MF 0} “UI Fe g1z| 0 8I 


| 


| 





UOSTO[eL) 


onl 
| 


| 
e9sT 


dyqs 
OT38q-j0-OUl] } 


P spuoe 48 “uy f¢ 
% WO; MOY, 480} “U] ZT pus “Uy ST f 


sdyqepyure “uy fF oe 


| 
| 
or y | rt 


¥6% | 2 &&| OT “* qsojodoxed | 


03% * gfuey{-u0ll-ON 








] 
| 
puvsaq (aoz}) puvysuy | 


3789} “UT OT f PR and = i} 


(poom) “3qsneq 
‘tg 38 puex 


8, paTeq “S1sseyy f 
Ayesyupy “en (0 oe 











preaios “Uy fg & 4 | | 
sdyqsprure “uy fp | 











(pooa) ypeysu0Ip 


° 
i 
ao 
os 


ee 
lg POSIIT | IT 8 IL joo8 a REG onda 
i a | : S1SS8EA PNIOD-Vag 

he 3 sy) 


| 
| | 


oO 
nn 











if 


~OnsysUOD JO OFT 











| ay aes i u 


| 





— 








| wo 
*sousuy | | ¢ 
fog 








“u0n 











| 5 
| 


"s100HO | 





[BUyWION 
‘1aMO0g es10fT 
sueureovdsiq 


‘LUA SaSH AM 


| 
| “aKVN 


| your 


“S00nuy ~9pdm0Q | 


“sunt 


“savnojpucedieg 


usemjeq YUN] 


jo 1q30tIg 














| 





(‘0% abnd 99 )—LaT1 GVIONOU] NVISSOY FHL 40 SUVINOILUVY ONIGVAT AHL ONIMOHS ATAVT, “AAVN NVISSOUW DHL 











Nov. 10, 1876.] 


ENGINEERING. 





411 





THE NEW IRONCLAD CORVETTE 
‘“* NELSON.” 

On Saturday last Messrs. John Elder and Co. launched 
from their Fairfield shipbuilding yard, Glasgow, a mag- 
nificent twin-screw ironclad corvette, Nelson, for the 
Royal Navy. This vessel, along with the Northampton, 
a sister ship now in progress in the yard of Messrs. Na- 
pier and Sons, and which is to be launched on Saturday, 
the 18th inst., is in many respects a novelty both in con- 
struction and equipment. Her armament is to consist of 
four 18-ton guns, eight 12-ton guns, and six torpedo 
guns—the last-mentioned being placed upon the upper 
deck. The following are the principal dimensions of this 
vessel : 


ft. in. 
Length between perpendiculars ... oo» 280 0 
Length over all eee ove o~ «- 310 0 
Extremebreadth . on >: 2 = 
Depth to upper deck .. 42 8 
Tonnage, O BM. a 4673 tons. 
Displacement 7323 55 


The Nelson is built for sea-going purposes, and is to 
be fitted as a full-rigged ship, with three masts, and with 
coal-bunker accommodation for a long voyage and cruis- 
ing in distant climes. She has three principal decks—the 
upper, main, and lower—and for about 50 ft. at the fore 
and after ends there is likewise an armour deck, which 
terminates forward in the ram—a very prominent feature 
inthis vessel—and protects all the forward part of the 
ship under the water line; while aft it gives protection 
also to the under part of the vessel, and more par- 
ticularly to the steering gear. The protecting armour 
consists of two strakes of plates, forming a belt about 
9 ft. broad at the water line, and extending over a length 
of about 181 ft. amidships. The upper plates are 9 in. 
thick with a 10-in. backing of teak, and the lower 
plates are 6 in. thick, supported by a teak backing 13 
in. thick. Reaching right across the vessel at each 
end of the armour there is an armour bulkhead, 
which varies in thickness from 6 in. to 9 in., and extends 
from the bottom of the armour belt to the upper deck, 
and is therefore about 22 ft. in depth. Not only does 
each bulkhead reach all the way across the vessel, but 
there is likewise a continuation of it between the main 
and upper decks, towards the middle of the ship, first 
obliquely and then parallel to the middle line, thus form- 
ing the fore and after ends of the battery, which occupies 
the whole length of the vessel between the armour bulk- 
heads on the main deck. As may be inferred, all the 
twelve heavy guns are placed upon the main deck. The 
18-ton guns—two at each end—are situated behind the 
oblique portion of the armour bulkheads, and the ports 
are so cut that the guns can command a fire across the 
lineof both bow and stern. The 12-ton guns are dis- 
posed equally along each side, without any armour pro- 
tection and are for broadside firing. The plating of the 
battery between the armour-protected parts is 1 in. in 
thickness and is quite a sufficient protection against rifle 
bullets. Between the armour bulkheads, and at the 
upper level of the armour belt, the lower deck is formed 
throughout of 2 in. plates, by means of which protection 
is afforded to all the machinery, boilers, magazines, &c. 
Some of the plates used in the armouring of the Nelson 
are amongst the largest of the kind that have ever been 
rolled, several of them being 16 ft. long by 8 ft. broad 
and 9 in. thick, and weighing about 22 tons each, while 
about half of them range from 15 tons to 18 tons in 
weight. 

The framing is on the usual longitudinal system adopted 
in the construction of Her Majesty’s ships of war, and in 
this instance the longitudinal frames are made of steel, so 
as to combine lightness with strength. For about 150 ft. 
amidships, underneath the lower deck, there is an inner 
skin, and the space between it and the outer skin is 
divided into a number of water-tightcompartments. All 
the space occupied by the engines and boilers is divided 
by a centre-line water-tight bulkhead. Then, again, 
there are numerous other bulkheads extending from side 
to side of the vessel underneath the lower deck, which, 
with the longitudinal bulkheads and the compartments 
between the inner and outer skins, divide the ship into 
about 90 water-tight spaces. All the doors leading to 
these spaces are likewise water-tight, and are worked by 
machinery. It is claimed for the Nelson that, on account 
of her internal arrangements, she will be an unsinkable 
vessel, 

So that she may be adapted for foreign cruising, the 
Nelson is also sheathed, over the iron plating, to the water 
line, with teak planking 3 in. thick, while over that there 
is also a sheathing of zinc in order to prevent fouling; 
and to reduce rolling, she is provided with bilge keels, 
33 in. deep, formed of two plates rivetted together, and 
extending amidships ahout 100 ft. The rudder, which is 
very massive, is 18 ft. deep by 11 ft. in breadth, and is 
formed of two thicknesses of teak planking set in a strong 
iron frame; and at the other end of the ship there is the 
ram, which is formed of an immense armour plate, tri- 
angular in shape, set vertically, and terminating in a 
sharp point about 10 ft. or 12 ft. in advance of the rest 
of the ship, while it is supported by two side plates, 3 in. 
thick, which may be regarded as a continuation of the 
armour deck, 

With the exception of a few plates, the armouring of 





the Nelson was quite complete prior to the launch, and 
we understand that her launching weight was nearly 
5000 tons. The operation of launching was one of the 
most successful ever performed on the Clyde, and was 
witnessed by many thousands of people along both sides 
of the river. Several hundreds of guests were specially 
invited by the builders. Every one admired the beauty 
with which all the appliances connected with the lgunch- 
ing had been adapted to the circumstances. The chains 
were exactly adjusted, and the ground for the anchors 
had been prepared, so as to be neither too hard nor too 
yielding, and so as to insure that the vessel should be 
“ brought to” in the very middle of the river. 

After the launch the Nelson was towed up to, the 
60-ton crane at Clyde Bank, where, a berth had been 
specially dredged for her to such a depth that she will 
always have at least 21 ft. of water even at low tide. It 
is just two years since she was commenced, and the contract 
time will not expire till the month of March. During the 
intervening months she will receive her engines, boilers, and 
other machinery, for all of which Messrs. Elder’ and Co. 
were the successful contractors. The engines, which, 
with the boilers, are quite complete, are of the compound, 
inverted-cylinder, direct-acting type, with surface con- 
densers, constructed under the superintendence of. Mr, 
Littlejohn, Admiralty engineer. Thereare two, sets of en- 
gines, each having a 60-in. high-pressure cylinder, with a 
low-pressure cylinder of 104 in. in diameter, thesstroke 
being 3 ft.6 in, The Admiralty authorities sti; that 
the engines of the Nelson shall work up to indi¢ated 
horse power, but the builders confidently anticipate that 
they will get at least 6500 horse power. There are ten 
boilers, all of the usual multitubular type, and constrncted 
to work up to a pressure of 60 Ib. per squareinch. They 
are 12 ft. 6 in. wide by 14 ft. 6 in, high, and 9 ft., 6 in. 
long, and have three furnaces; and they are to be-dis- 
posed in four boiler-rooms which are separated by water- 
tight bulkheads, The two screws by which the Nelson 
will be propelled are constructed of gun-metal, and on a 
novel design, each being in reality composed of two 
double-bladed screws, placed one before the other on each 
shaft. The object in view in this arrangement is to 
facilitate the maneuvring of the vessel when under sail 
alone, on which occasion the blades, which are placed 
vertically, will offer the least possible amount of resistance 
to the progress of the ship. 





American Bripcz Burtprne.—The Baltimore Bridge 
Company is about to commence the erection of a great 
bridge across the Kentw river on the Cincinnati and 
Southern Railway, near Nicholasville,-Kentucky. The 
bridge will be 275 ft. high, and will consist of three spans 
of 375 ft. each of wrought iron, resting on two abutments 
and two piers, the latter partly of stone and partly of iron. 


New ZEALAND STzAM NAvIGATION.—The growing 
trade between Victoria and New Zealand has led to the for- 








mation of an Australian and New Zealand Steam Shipping 
Company. The capital of the co is to. be 250,0001. 
in 25,000 shares of 101. each, and 50,0001. has been already 
subscribed in Melbourne New Zealand. The company’s 
head office will be in Melbourne. 

H. M. 8. AtexanpRa.—The ted ship Alex- 
andra, 12 guns, returned to Chatham on Monday last, after 


having completed her official trials at the measured mile off 
the Maplin Sands. The trials were perfectly satisfactory, 
and, in fact, exceeded all expectations. The ship was under 
the command of Captain J. C. Soady, Medway Steam Re- 


serve, and the trials were made under the direct su 
of the engineer-in-chief to the Admiralty (Mr. J. Wright), the 
inspecting officer (Mr. Oliver), and other officials of the 


Admiralty, the contractors for the engines (Messrs. Hum- 
hrys, Tennant, and Co.) bela —. by Mr. BR. 
umphrys. Her ines are 0 horse power, but at 
the trial the power developed was 8600 horse power—600 
above the contract... The engines are vertical twin screw 
compound. Each screw is driven by an i ent set of 
engines, with one high-pressure cylinder, 70 in. in dia- 
meter exhausting in two low-pressure cylinders, each 90 in. 
in diameter, with a stroke of 4 ft. The surface condensers 
are filled with solid drawn brass tubes, # in. outside diameter, 
— contin 16.5 of surface, wa i 
means of centrifugal pumps, 
p any The air Pumps, two to each low-pressure cylinder, are 
worked direct off pistons, and, together with the air 
pump cases, are made entirely of er There are 12 


oval boilers, containing 21,900 ft. surface, and 
are worked ata Us co tb na te ee So as. to 


prevent any catastrophe h the valves getting 
_ of ae each eonreett ver to the - ae 
valve box, containi ® sup! 
mentary test-valve ed. with a pte 


placed on the front of the boilers. ‘There are also two pres- 
sure gauges to each , one being intended to act as a 
check to the other, the wor! being graduated to 
80 Ib., and the other to 120 lb. valves and safety 
valves are all worked from the stokehole floors, and the 
main engine stop valves are so arranged that they can be 
either worked from the engine-room or from the main deck. 
The whole of the boiler mountings, including the safety 
valves and their boxes, are made of gun-metal. At the 
official trial she made the extraordinary speed of nearly 16 
knots, without the —— hitch occurring, or the least sign 
of warm i he revolutions made by the screws 
The trial being thus so satisfacto 


were 67 per minute. t ’ 
floated into the basin at Chatham 


the vessel has been 


complete her fitment.—Times. 
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THE MONKWEARMOUTH JUNCTION 
RAILWAY. 


For years the town of Sunderland has had to contend 
with railway accommodation inadequate to its require- 
ments. It had lines radiating from it to the north, to the 
main line for the south, and through the coal district 
between, to Hartlepool, but the three stations were un- 
connected and inconveniently distant. At last the North- 
Eastern Railway Company undertook to form a junction 
line, which has now been in course of construction about 
eighteen months, and on which good progress has latterly 
been made, is may be seen when it is stated that 
already on the line the sum of 214,293/. has been spent, 
pre ot ne the estimated expenditure is at the rate 
of monthly, and that after the end of this year there 
will remain, it is believed, a further sum to be expended 
of 28,2724 to complete the work. Commencing near the 
present ger station at Monkwearmouth, the line 
passes along north and south Sheepfolds-road, and then 
crosses the river Wear by a high level bridge, then it 
tunnels under Matlock-street, and to and under High- 
street, close to which, on the site of Union-street, the new 
station will be erected, occupying the space to Athensum- 
street. From this point the line will pass through a 
cutting under Borough-road, into the old cricket field, 
from which a tunnel under Burdon-road enters into and 
under the East Extonsion Park, and a fork to the right 
joins the line to Durham, Emerging from the tunnel, 
the line proceeds to effect a junction with the Hartlepool 
branch line between Hendon and Ryhope stations. The 
most important section of the undertaking is the con- 
struction of a bridge over the Wear. The extreme 
height of the bridge will be 85 ft. from the high-water 
mark of spring tides; the span over the river will be 
800 ft., and on each side there will be three arches of 
masonry of rather more than 34 ft. span each, which will 
be supported by solid ashlar piers, the bow for carrying 
the.line over the river being of malleable iron. On the 
north side of the river there is good foundation of rock 
on which the erection of the main pier has commenced ; 
but on the south side cylinders afterwards filled with con- 
crete need to be sunk down to the rock some 30 ft. below 
low-water mark, the sinking being accomplished by 
pneumatic agency. A tunnel is necessary at Pan-lane, 
up to and under High-street, the roadway of which is to 
be carried over the line on massive iron girders ; an open 
cutting under the Borough-road necessitates a similar use 
of girders to bridge it. And again at Burdon-road a 
tunnel commences, passing under the East Extension Park, 
and under thé local Pensher line, emerging near Ken- 
sington esplanade, It may be added that the contractor 
forthe work is Mr. J. Waddell, whose local representatives 
are Mr. Kerr and Mr. Duncan; and that progress has 
been made with the work throughout the greater part of 
its length. 





HOE’S PRINTING PRESS. 


WE illustrate on the next page Messrs. R. Hoe and Co.’s 
new web perfecting pri 8, Which is shown in opera- 
tion twice a day in the Machinery Hall at the Philadelphi 
Exhibition, and which is attracting a good deal of atten- 
tion. It is a double machine, printing two complete 
newspapers at one and the same time, the sheets being 
printed side by side, and, unlike its rivals, it delivers. 
the sheets not flat but folded. Its capacity ranges from 
15,000 double to 28,000 or 80,000 single sheets per hour, 
according to the quality of the . The design of the 
press is noticeable from its solidity and ease of access, 
and has a decidedly substantial appearance. The frame- 
work consists of a pair of side frames mounted on a bed- 
plate, the side frames being hollow box castings 4 in. 
thick, compact and plain, having no curves or oblique 
angles, but running either vertical or horizontal as the 
case may be, and to this no doubt is due the absence of 
jar or vibration, which is a feature of the press even 
when running at high speeds. 

Thevfirst pair of cylinders, over which hangs the roll 
of paper, consists of one type and one impression cylin- 
der, and by these the first side of the paper is printed. The 
second pair, printing the second side, consists likewise 
of yo a and one impression cylinder; but the latter 
is below the former and is of much larger diameter, so 
that the set-off shall not fall continuously on the same 
surface of the blanket; in point of fact it is only every 
fourth sheet which touches the same part of the blanket, 
whichis by this means given time to dry. The tympan 
of the cylinder is movable, so that if it 
should get too black or become defective it can be changed 
as follows: It is put on the offset cylinder in four sec- 
tions, each section having a roller at each end. At the 
beginning the tympan of each section is placed all on 
one roller of each pair, and hence by unrolling that one 
and rolling up the other the change of tympan is effected 
in a very short space of time. The tympan sheet is 
composed of calico, of which there are ten yards in each 
section. From the second pair of cylinders the sheet 
passes to the third pair, which operate as cutting cylin- 
ders, the lower of which has inserted rubber jaws to re- 
ceive the edge of the knife which is attached to the 
upper roller and is operated by a cam movement which 
projects the blade to perform its cutting duty and with- 
draws it for the remainder of the revolution. The 
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HOT BLAST 


DESIGNED AND CONSTRUCTED BY MR. JAMES E. MILLS. 
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STOVES.* 
By James E. Mitts, B.S. 
THE process of reducing iron ores in the blast furnace 


* A poe sae before the St. Louis Society of Engi 


From 


New York Engineering and Mining Journal, 


ON SOME IMPROVEMENTS IN HOT BLAST 
New York. 
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carbon, and a much smaller proportion when it is 
bituminous coal. And it is im icable to carry the com- 
bustion or oxidation of the carbon much farther within the 
furnace than is now done in the best practice, because the 
further oxidation of the carbon would prevent the de- 
oxidation of the iron ore. Co uently the greater bg 
of the calorific effect of the fuel must be obtained, if 
obtained at all, by burning the escaping gases outside of 
the furnace, and this method of economising fuel, though 
of quite recent date, is almost universally practised. 

The heat thus obtained is partly ef in raising steam, 
wer to drive the blast engine and 
plant, and a part of it 
t. 


and so converted into 
pumps, and other machinery of the 
is returned to the furnace in the blas 

The apparatus for conveying the heat of the burning 
gases to the blast (called hot-blast stove) is not without 
general interest to engineers, for, except apparatus for 
raising steam, perhaps no means of utilising heat has been 
developed through more experimenting, or experimenting on 
a larger scale, since economy in the use of heat has become 
an exact science. 

The blast passes through the apparatus on its way from 
the blowing engine to the furnace, and consquently under 
pressure, which ranges from 14 Ib. to 5 lb., or even more, 
to the square inch. The amount of air to be heated of 
course varies with the consumption of fuel, but in favour- 
able conditions of working furnaces is from 3.75 to 5 tons, 
and frequently 6.5 tons or more to the ton of pig iron pro- 
duced. The temperature to which it is desirable to raise 
the blast in a well-designed, well- furnace, is at 
least 900 deg. Fahr. Mr. I. Lowthian Bell, the great prac- 
tical investigator of the causes of consumption and means 
of,economising fuel in the blast furnace, considers that in a 
well-designed furnace of proper size there is no gain in 
raising the temperature of the blast above 500 deg. Cent. 
or 932 deg.Fahr. But in some furnaces at least it has been 

roved economical to raise it to 1200 deg., or even 1400 deg. 
“abr. 

In designing blast heating apparatus, therefore, we have 
to deal with very lage volumes of air moving rapidly under 
pressure, to be heated to a very high temperature, with 
fuel in a gaseous state; and to provide against excessive 
friction and loss of pressure of the blast in passing through 
the apparatus, and against breakage and wear by expan- 
sion and contraction through a wide range of temperature, 
and oxidation by exposure of hot metal to air, and the warp- 
ing and fusion. and other destructive effects of the high 
temperature upon the materials employed in construction. 

The various kinds of apparatus employed for accomplish- 
ing the work may be grouped in two classes. In one of these, 
the gases, while burning or after being burned, while still 
retaining the heat of combustion, are passed over masses of 
firebrick, which serve to catch and store up the heat within 
themselves until they have reached the proper temperature, 
when the hot gases are turned off, and the blast is driven 
over them and takes from them the required heat. To make 
the process constant there are two at least of such masses 
of firebrick —— 4 which the burning gases and blast are 
alternately passed. As a structure of firebrick cannot be 
made to be air-tight under the pressure and at the tempera- 
ture produced, the masses are inclosed with a casing of plate 
iron. Such an inclosed mass of firebrick, with its channels 
for admission, passage, and exit of gases and air, and its 
inlet and outlet pipes, and its valves for regulating the flow 
and changing the course of the gases and air, in its most 
developed form, is the Whitwell stove. 

In the apparatus of the other class the air is passed con- 
tinnously through iron pipes, on the outside of which the 
gases are burning, and consequently receives its heat 
through the iron wall of the pipes. The pipes are arranged 
in an inclosed chamber, and the guses are burned in the 
same chamber, or ina combustion chamber beneath it. As 
the blast is inclosed in pipes, the firebrick walls of the 
chamber or stove do not require an iron casing. 

The quantity of gaseous fuel escaping from the furnace 
is so large that the amount of heat which can be imparted 
to the blast is limited by the ability of the material employed 
in the construction of the stove, pipes, valves, &c., in which 
the blast is heated and conveyed to the furnace, to with- 
stand the high temperature. The firebrick apparatus can, 
of course, bear much poe degrees of heat than any 
— of iron pipes, and consequently in the stoves of the 
Whitwell type the blast can be raised to a much higher 
temperature than in the other class. The disadvantages 
of stoves of this class are large first cost, considerable com- 
plication of parts, and great care required in the manage- 
ment of them. 

The stoves with iron pipes have been much the longer in 
use, and on account of their comparatively small first cost 
and simplicity will probably continue to be used quite 
generally, at least at charcoal blast furnaces ; and it is an 
object of importance to improve the stoves of this general 
ty to the highest practical degree of efficiency and dura- 

ility. 
They have gradually developed into rectangular brick 
chambers with the iron pipes conveying the blast arranged 
in straight rows lengthwise or crosswise of the chamber, 


and the gases rising through long narrow slits in the floor | parts 


between the rows of pipes. The s are either burned 
in the spaces between the rows of pipes, or in a separate 
chamber below the one containing the pipes from which 
they pass up through the slits in the floor to the spaces 
between the rows of pipes. There are two kinds of pipes 
in each stove, one kind called bed-pipes consist of rectan- 
gular boxes, usually divided by a partition running length- 
wise into two parts. These lie horizontally on the floor of 
the chamber. The other kind are of circular or elliptical 
cross sections, and stand vertically upon the bed-pipes and 
open downwards into them. They also are either divided 
into two by a diaphragm extending from the bottom 
to near the or of the pipe, as in the so-called pistol pipe, 
or are dou upon themselves as in the so-called siphon 
i rests 


pipe. In the case of the pistol pipe, the 





upon the partition of the bed-pipe or a projection of it, and 
one ae of it opens downward into one apartment 
of the bed-pipe, and the other apartment of the vertical 
pipe into the other apartment of the bed-pipe; and in the 
case of the siphon pipe, one limb opens into the bed- 
pipe on one side of its partition wall, and one on the other 
fide. The blast enters the bed-pipe on one side of its 
ae wall, and passes up through an apartment or one 
imb of a certain number of vertical pipes, and down 
through the other apartment or other limb of the same 
pipes to the bed-pipe on the other side of its partition wall, 
thence by a horizontal connecting pipe to another bed-pipe 
to pass through it and its vertical pipes in the same way, 
and so on to the outlet pipe. There are many modifica- 
tions of this general arrangement, but the essential features 
of the apparatus, as I have presented them, are common to 
all the best stoves of the class in general use. 

There are serious avoidable defects in this general plan 
of stoves, which add to the first cost, and give rise to un- 
necessary wear of the pipes by oxidation and bending and 
cracking, and also unnecessary strain upon the walls, and 
whenever the temperature of blast sustained by one of these 
stoves is near the point of safe endurance of iron, the de- 
struction of pipes and of walls is a source of considerable 
expense, and frequently of delay. 

The rec lar form of the chamber gives rise to uneven 
reception and radiation of heat, and consequent uneven ex- 
pansion and contraction of the walls, and renders necessary 
very strong binding with iron rods and angle iron, and this 
does not generally prevent considerable bulging and crack- 
ing. The arrangement of pipes in rows parallel to two 
sides of the chamber leaves two interspaces in each chamber, 
bounded on one side by a wall and on the other by a row of 
pipes, and the flame in each of these two interspaces pre- 
sents one broadside to a wall, and radiated heat directly to 
it, or, as is usually the case, the flame is omitted from these 
two interspaces, and one side of two rows of pipes is with- 
out heat directly radiated from the flame. When the gases 
are burned in a combustion chamber, one side of two rows 
of pipes is out of the direct course of the hot gases, or the 
inner surfaces of two walls are in that course. Again, by 
the usual arrangement, or any convenient arrangement 
with parallel rows of pipes, one side or end of the chamber 
must be hotter than the other. 

About two years ago it became necessary for me to plan 
a hot-blast stove for a charcoal furnace to be built for the 
Midland Blast Furnace Company, and I had an opportunity 
to put into practice an arrangement which I arrived at in 
the endeavour to avoid the defects of the common plans, 
and secure the best. practical result from a stove of the 
class. The stove was built and has been tested, and the 
results of trial have proved the advantages of a plan which 
is theoretically—I think you will agree with me—better 
than those described ; and to this I invite your more par- 
ticular attention. 

The stove proper has a cylindrical vertical wall, anda 


hemispherical roof or dome, like some some potter’s kilns. 
The exposed surface and consequent loss of heat by radia- 
tion and convection are, therefore, the least practicable, and 


so also is the amount of material in the wall. The absorption 
and loss of heat are very even throughout the wall, and con- 
sequently the different parts of it expand and contract 
evenly. The cylindrical form also reduces the necessary 
binders to simple hoops of sheet iron. 

The pipes through which the blast passes are placed in 
rows arranged ially from near the centre to near the 
circumference of the chamber ; and tae gases which serve 
for fuel are admitted through radial slits, one in each 
sector of the floor, and burned in the spaces between the 
rows of pipes. Therefore each sheet of flame presents both 
broadsides to rows of pipes, one on each side, and each row 
of pipes receives heat directly radiated from flame on both 
sides of it. There are six such rows of fpipes, and conse- 
quently six interspaces and six sheets of flame in the stove 
pore built. 

The blast coming from the engine enters a drum near the 
roof, and passes from it by six pipes extending outward 
and downward near the roof onl wall of the chamber to 
the outer end of each of the six rows of pipes, and thence 

asses through the six rows to a drum in the middle a little 

— than the drum before mentioned, and thence by an 
outlet pipe toward the furnace. The slits admitting gas 
through the floor approach one another as they advance 
to the centre, and consequently the proportion of flame to 
space increases toward the centre as far as to the inner 
ends of the slits. To insure complete combustion there is 
a chimney rising from the middle of the dome. The air 
for combustion is admitted through the outer wall at the 
level of the floor by an opening opposite the end of each of 
the slits which admit . The tendency of the hot gases 
and flame is toward the middle of the stove. The blast 
therefore travels in six streams toward the hottest place 
in the stove until it reaches the outlet pipe. : 

The nearness of the drum and pipes which first receive 
the blast to the roof and outer wall combines with the 
direction in which the blast travels, and the position of the 
flame and the direction of the draught to keep the outer 
of the chamber cool, and to reduce to the minimum 
the loss of heat through the walls, and the destructive 
effects of heat upon them. 

I will now describe more in detail the stove which was 
built on this plan, and which is represented by the ac- 
companying engravings. 

The tnatde diameter of the cylindrical building is 
18 ft. Gin., and the radius of the dome 9ft. 3in. The 
height from the floor to the edge of the dome is 12 ft. 4in., 
and to the centre of the dome 21 ft. 7 in. 

The foundation consists of a wall of sandstone rubble 
2ft. high and 18in. thick. The vertical wall is of firebrick 
13}in. thick, except the 1ft. at the top, which is 18 in. 
thick, projecting outward 4}in. The dome, which is also 
of firebrick, is 9in. thick. It rests on the inner 9 in. of the 
vertical wall. Outside of it on the vertical wall, and flush 








with the outer surface of the latter, are laid thirteen courses 
of red brick, thus continuing the vertical surface of the 
wall on the outside about 31 in. higher than the lower edge 
of the dome, and encircling the lower part of the dome to 
that height. The wall is bound by three hoops of plate 
iron, ¥sin. by 4in., one at the upper edge of the vertical 
outer surface of the wall, one at the level of the lower edge 
of the dome, and one 8 ft. from the ground. 
There are six small arched doorways in the vertical wall, 
ual distances from one another, opening into the 
chamber midway of the outer side of the interspaces between 
the rows of pipes. They rise from the floor of the chamber, 
and are 4 ft. high to the crown of the arched upper end, 
and 15 in. wide below the spring of the arch on the inner 
side, widening outward as much as is due to radial position 
of the sides. The doors are simple plates of firebrick or 
tiles bound around the edge with a wrought-iron band, to 
be opened and closed by being raised and lowered by pulleys. 
To afford a sloping surface for the doors to rest and move 
upon, the jambs of the doorway and a portion of the wall 
above are made to project, beginning at a point twice the 
height of the doorway or 8 ft. above the ground, and in- 
creasing downward, so that the projection at the ground is 
9in. By this arrangement iron doors exposed to flame are 
avoided, and moreover the opening for admitting air being 
made by raising the door, is at the bottom of the chamber. 

These doors have not yet been put on, but instead the 
doorways were filled in with firebrick, leaving only small 
openings at the bottom to admitair. On both sides of each 
doorway is a peep-hole of the size to be closed by a brick 
placed in endwise. The doorways are large enough to admit 
the passage of the pipes and bed-pipes but not of the drums. 
For admitting these a portion of the wall is arched over, 
so that it could easily be taken out and replaced. 

The flue for admitting the gas passes around under the 
floor and is annular, and its middle line makes a circle 12 ft. 
in diameter about a centre directly under the centre of the 
chamber. It has a branch opening into it from the furnace. 
Where it passes under the walls of the building or the 
foundation stones upon which the pipes stand, it is arched 
over, and its cross section is 18 in. wide up to the spring of 
the arch, and 1 ft. high to the spring and 1 ft. 9 in. to the 
crown of the arch, but under the interspaces between the 
rows of pipes its walls continue vertical to the top, and it 
is covered over with broad tiles, excepting a slit 3ft. long 
nearly in the direction of the radii of the chamber and 3 in. 
wide. To obtain the length of 3 ft. the slit is extended by 
a groove cut into the wall of the flue on either side. The 
slit can be narrowed and shortened at will by bricks placed 
on top of the tiles and moved from outside through the doors 
by a rod. The wall of the flueis 12 in. thick. The 
tiles covering the flue on each side of the slit can be raised, 
and through the openings thus made a man can reach the 
ashes and dustin the flue with a hoe, and move them toward 
the branch that comes from the furnace, and from the 
branch they caneasily be raised outside of the stove. 
To facilitate the removal of the dust and ashes, and render 
it practicable while the stove was hot or comparatively so, 
three openings were made to the flue from the outside, but 
they were not used or needed, because, on account of the pro- 
portion of the area of cross section of the flue to the volume 
of gas moving through it, the dust and ashes did not accu- 
mulate in quantity to materially hinder the flow of the gas. 

The foundations upon which the pipes stand consist of 
six stones, one under each row of pipes, placed radially like 
the rows of pipes, and extending from within 2in. or 3 in. 
of the wall of the chamber to within 1 ft. of the centre. 
They are about 8 ft. long, and 1 ft. deep and 2 ft. 3 in. wide, 
except at the inner end, where one vertical edge is truncated, 
and the stone narrowed to fit the space for it. The material 
of the stones is sandstone. 

A wall of firebrick 4}in. thick is carried up from the 
floor by the sides of these stones, between them and the 
spaces where the s are burning, and still higher by 
the sides of the belaines and the sleeves at the foot of the 
upright pipes, to a height in all of about 3ft. These walls, 
with the outer wall of the chamber, inclose on the sides the 
lower part of the spaces between the rows of pipes where 
the gases and air enter and meet, but they are all open 
above, and the free radiations of heat from the flame to the 
pipe is but slightly obstructed. The chimney rises 40 ft. 
above the dome, is of sheet iron (No. 14), and is lined with 
Sin. thick of firebrick, from the dome to a height of 10 ft. 
Its diameter within the lining is 3ft., and above the lining 
3 ft. Gin., till within 2ft. 6in. of the top, where it narrows, 
so that the diameter at the top is 2ft. Gin. Thereis a 
damper attached at the top, and for two lengths of sheets 
(about 5ft.) below, the iron is “in. thick. There is a guy 
band 12ft. from the top. The weight of the chimney does 
not rest on the dome, but is transferred to the upper edge 
of the vertical wall by three pieces of railroad rails which 
serve asa tripod. Their outer and lower ends rest on cast- 
iron feet lying on the vertical wall. At their inner and 
upper ends they are attached to the chimney at a point 
8 ft. Gin. above its lower end. Here also is a sheet of iron 

vs in. thick and a wrought-iron band 6in. by }in., and the 
rivets pass through the flanges of the rails and the band 
and iron of the chimney. The rails are stiffened and held 
in place by rods of #in. round iron inclosed in 1} in. gas- 
pipe, and extending from midway between the two ends of 
each rail to the lower end of the chimney. This end of the 
chimney is stiffened by a wrought-iron band 4 in. by 4 in. on 
the outside, and a piece of 2-in. angle iron on the inside, the 
latter serving to hold up the brick lining. ’ 

The pipe which conveys the blast from the engine to the 
apparatus is of wrought iron } in. thick, is 16 in. in 
diameter, and opens downward into the top of the drum, 
from which the blast is distributed to the six rows of pipes. 
This drum is of wrought iron, and is 2 ft. 10in. in diameter 
and 1 ft. 3 in. long or high. It is situated directly under 
the centre of the dome, and its lowest surface is 14 ft. 9} in. 
above the floor of the chamber. It has besides the openings 
for inlet and outlet of blast, three small manholes 
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with small manheads, large enough to admit the hand and 
arm. Around the periphery of the drum are six cast-iron 
thimbles, to which are attached, by flanges and bolts, the 

ipes which take the blast to the ends of the rows of pipes. 
These also are of wrought iron } in. thick, and are 7} in. 
in diameter inside measurement, except at the lower end, 
where they are enlarged to lap down over the upper part of 
the short pipes or thimbles projecting upward from the bed- 
pipes. Thefjoint at this connexion is rendered tight by a 
sleeve 1 ft. long, and rust packing. 

The remaining pipes (siphons and straight pipes and bed- 

ipes), and the sleeves, and the drum which receives the 
blast from the six rows of pipes, and the outlet pipes, are 
all of cast iron } in. thick. 

The bed-pipes consist of rectangular boxes 21} in. long, 
10} in. wide, and 6 in. high—all inside measurements—with 
two short pipes or thimbles of same cross section as that of 
the siphon pipes, projecting 4in. upward from one of the 
broadsides, and open at the outer or upper ends. The 
boxes lie on the opposite broadside, and are placed in six 
sets of radial rows, each set consisting of seven boxes in 
two rows, one of four and one of three boxes. The two 
rows are so placed side by side that one thimble of each 
box in the shorter row is » Brew one of a box in the longer 
row, and the other thimble is abreast one in the next box of 
the longer row. The two rows are separated by a space 1} in. 
wide, and the boxes in each row bya space lin. wide. At each 
end of the long row is a thimble not paired with one in the 
shorter row. To the one at the outer end is connected the 
wrought-iron pipe which brings the blast to the row, and 
the one at the inner end opens into the straight vertical 
pipe which takes the blast to the drum, which receives it 
from all the six sets of rows. On the six intervening pairs 
of thimbles stand the siphon pipes. One limb of each 
siphon stands on a thimble of one row, and one ona thimble 
of the above row, and by the arrangement of the boxes or 
bed-pipes, each bed-pipe in the short row receives air from 
one in the long row through one siphon, and delivers it 
through another siphon to another box farther on in that 
row, and as the blast passes from row to row and forward, 
till it reaches the last box of the long row and passes from 
it through the straight vertical pipe to the drum, which 
delivers it to the outlet pipe leading toward the furnace. 

I have called the rows radial. The middle line of the 
long row of boxes or bed-pipes is exactly radial ; of course 
the other row is not exactly radial, and the divisions of the 
floor of the chamber between the sets of rows are not 
exactly true sectors of a circle. The slit for admission of 
gas is placed midway between a short row of pipes on one 
side and a long row on the other, and each door is opposite 
a slit. 

The siphons have an elliptical cross section with diameter 
6} in. and 7% in., inside measurement. The centres of the 
two ends are 14} in. apart, and the pipes are so doubled 
upon themselves as to bring the long } > al of the two 
limbs into line. Itis 11 ft. fin. from the lower ends to 
the top of the curve of the outside of the pipe at the junc- 
tion of the two limbs. 

The straight vertical pipes at the inner end of the rows 
have the same cross section and are 11 ft. long. 

The drum which receives the blast from the six rows of 
pipes, and delivers it towards the furnace, is a cylinder 
3ft. 10}in. in diameter, and 1 ft. long, or high, inside 
measurement, with a pipe or thimble, 1 ft. in diameter 
(inside), and 4 in. long projecting from the periphery, which 
connects with the outlet pipe, and six pipes of same cross 
section as the vertical straight pipes, and 2 ft. long, pro- 
peng Som the lowerend. These pipes rest on, and open 
into, the six upright pipes. The centres of their inner ends 
are each 1 ft. 7 in. from the centre of the bottom of the 
drum, and a line connecting them would form a hexagon 
with sides of 1 ft.7 in. The outlet pipe is 1 in. in diameter, 
inside measurement. 

The connexions of the different castings are all made with 
sleeves and rust packing, the space between the sleeves and 
the pipes filled with the packing being 4 in. wide. The 
sleeves, therefore, have a diameter lin. greater than the 
outside diameter of the inclosed pipes. A of the sleeves 
are 8 in., anda part of them 12in. long. I would now make 
them all of the latter length, so that the packing might ex- 
tend 6in. either way from the joint, and for this purpose 
would make the thimbles on the bed-pipes, and the one on 
the drum, 6 in., instead of 4 in. long. 

The amount of material in the whole apparatus is as 
follows. 

Principal castings (by actual weighing) : 





. Ib. 
42 bed-pipes ...(average weight 228.88) 9,613 
36 siphons lia - - 1546.17 55,662 
6 straight ore pipe po 703.05 4,219 
in. long ee 64.09 4,024 
sleeves | OS izin. rn 85.09 2,405 
1 drum ae ad 2,053 
1 outlet pipe* ... 955 
1 sleeve to latter 184 
s Total os 79,115 
or 35 715-2240 tons, essentially 35} tons. 
Wronght-iron pipes and drum and inlet pipet 
together with the small cast-iron manh 
and thimbles and flanges, about... .. 2200 
Wrought iron of the chimney, including cast- 
iron damper (by actual weighing) ... .. 2382 
ree pieces of rail forming the tripod of 
mee: nsf Pate Mes seo ee we 
€ 4-In. round iron, and 1}-in. gas-pipe, servin 
as braces to the tripod rs ee _ 123 
The castings on which the rails of the tripod 
rest, about Sa te rene sa win 253 
* The part of the outlet pi extending 
the outside of the building. si ren Sa ae 


t So much of it as is within the stove. 





ap we iron about doors and attachments, 
abou oan is ty » one ose 

Cast-iron pulleys to doors, about ra ove 

The three draw bands or hoops encircling the 

wall of the building (by actual weighin; )... 8 

The firebrick work in the oe inoluling 

as much of the flue as is under the building, 

all tiles, lining of chimney, &c., abont1315_ bricks. 

cubic feet, or ing the cubic foot 20 bricks 26,300 
The red brick, 150 cubic feet, or... oe «8, 
Stone in the foundation of the wall of the 

building ... aka ia se oan ... 2064 c. ft. 

The six foundation stones of the rows of pipes123 ,, 

The service thus far actually performed by this apparatus 
is as follows : The furnace to which it was attached was in 
blast 137 days. After the first three days the blast was 
maintained very steadily at 900 deg. Fahr. to the end of 
the campaign, or 134 days. The amount of air or blast 
heated to this temperature, averaged during the time 
2723 cubic feet per minute ; and for a considerable portion 
of the time was over 3000ft. The reports based on the 
number of revolutions and size of the blast engine, make 
the amount of blast very much larger, but to avoid all error 
by leakage of pipes and other causes, I have given the 
amount received by the furnace calculated on the basis of 
fuel consumed, and probable composition of gaseous 
products of combustion. The superintendent—Mr. W. E. 
Rowell—informs me that in arriving at the temperature of 
the blast, he carefully checked the ings of the gauge, 
by means of the fusing point of alloys. 

The building proper shows no harmful effects of heat. 
The wrought-iron pipes and drum are also, I believe, as 
good as when putin. No one of the cast-iron pipes or bed 
pipes is cracked or burned through, nor is the drum. One 
or more of the six upright pipes are somewhat bent from 
the weight of the drum and outlet pipe ing upon them 
while hot, and I would in future take this weight off by a 
small firebrick pillar rising to the drum from the centre of 
the floor of the chamber. Some of the joints leaked on 
account of defective packing. The pipes and flues were not 
cleared during the campaign. 

The apparatus performed all that was required of it for 


vy 


Ib 
400 
300 
060 


being forced to the limit of its capacity or endurance, and 
yet I think all who are familiar with the subject will agree 
with me, that the performance recorded is unusually large, 
considering the size of the stove, and the amount of material 
used in its construction ; and that it withstood the effects 
of the high temperature maintained during the campaign 
with unusually slight wear or destruction of parta. 








PROPOSITIONS ON THE DIRECT MOTION 
OF STEAM VESSELS.* 
By RoBert MAnsEL. 
(Concluded from page 309.) 
Ir will be seen each member is divisible by V, and on 


substituting for n, its value 101.3 ¢ we have: 
v.10 B*NV__1_— Pepi yy 
74m, Het **? I 
which is the corrected form of the following equation, ad- 
vanced about eighteen months ago, and published in the 
Transactions of the Institution of Engineers and Ship- 
builders in Scotland. a 
8 


V7=C_H_ (P+rp-—5). 
L./M 
The changes introduced are: in the first member, for V 
write 10 (8 +)V, this exponential quantity signifying the 
number whose logarithm is (Q+7)V, expressible also in the 
notation log. “(B+ Y) V ; inthe second member, for the 


tity -—= representing the resisting elements of the 
quantity L/M Pp’ g g 
hull and co-efficients, write 5 boas 


(Px rp—5) for the effective piston pressures, write the 
general value f in p of the approximate value 5; also, 
multiply H by the current co-efficient c. 
For simplicity, it is better to continue the use of the ex- 
ression L,/M, which was stated to be an par rene mea 
Founded on Poncelet’s views of the nature of fluid resistance, 
as easier derived and more manageable than the value of 
Mo. Acorrection for absolute size is also necessary, and 
this is applied, in the simplest way, by supposing the 
quantity L./M raised to the jth power. Constants and 
co-efficients being also all involved in one quantity C, the 
formula would now stand : 


; in the expression 


d?s 
v.10 B+7)V =f H  @+rp-f). 
° (LA/M)¥ 


Such'formulas are practically unworkable without the aid of 
logarithms ; hence, taking the logarithms of both members, 
we can arrange the terms, thus: ve 
¢ (Li MF 
a? 


Log. (P+rp—f)=log- V +(B+7) V+log. we 





If we omit consideration of the quantity c, the frac- 


tional part of the last term is obviously made up of ele- 
ments of construction which in every particular case, when 
calculated out, are reduced to a mere co-efficient for the 
particular vessel ; and, on referring to it, it will be seen, 
if the last term, as we are perfectly warranted in so doing, 


* Paper read before the Mechanical Section of the 








British Association, Glasgow meeting. 





the furnace to which it was attached, without at any time | 7 


be represented by a quantity of the form log. fo we have 


‘oO 
arrived at an equation identical with the statement of Pro- 
position IV., which, advanced as an experimental deduction 
in this way, is shown to be the fundamental relation of the 
elements of the direct motion of a steam vessel. 

We can corroborate this by showing that strict mathe- 
matical reasoning enables us to deduce the other proposi- 
tions from an equation of this form. 

It is, therefore, affirmed, within the limits of speed for 
which a vessel is jee gy the theory of its direct motion 
is defined and limited by an equation of the general form. 


Log. (P+rp—f)=log. V+(B+7) V +log. ad 


0 

A revised summary of definitions of its elements being 
as follows : (P-+r p) is the sum of the mean di: m piston 
pressures viewed as one quantity ; f a constant defect from 
the foregoing, made up of Morin’s constant of movin 
friction, modi by external influences of wind an 
weather, which, following a similar law to rag by 
is necessarily found associated therewith; V the corre- 
sponding s' of the vessel in nautical miles per hour; @ 
a very small quantity, either positive or negative, which, as 
a co-efficient of the speed, modifies the logarithm of the 
number of the revolutions of the propeller for each mile of 
the sai pe Y another bed quantity, greater than 
the last and essentially positive, the value seems to lie be- 
tween .045 and .090, and it represents a co-efficient of 
variation, with the speed, of one of the factors into which 
the logarithm of the resistance may be divided, the other 


factor being the term log. V ;* log. > is a constant quan- 


o 

tity for the same vessel tried under the same circumstances ; 
it is, however, extremely complicated when these are varied, 
or when we compare different vessels, since, after calcula- 
tion of the construction constant quantities, we will have 
C and c variable according to the form of the vessel, the 
propeller, and external circumstances. — 3 ‘ 

roposition V.—Problem : An equation being given, of 
the form log. (P+r p—f =log. V + (8+7) + log. 
"o ; also, the values of (P+rp) for two different given 


values of V, to determine (1) the explicit value of f, and 
(2) the law of variation of the quantity (P+r B-). 

Let the respective particular values of V and (P+rp) be 
denoted by suffix numbers 1 and 2 (Fig. 2), draw a straight 











&: aP 2) 
A i 
gi 
or re 
Log’ tog 


line O X as axis, and at the points V, Vs, corresponding 
to the given speeds, lay off, upwards, ordinates of the 
values log. (P,+1rp;) log. (Ps + rip»). The former being 
the smaller, a straight line A Bdrawn through them to the 
ordinate through the origin will intercept a definite line O A, 
less than log. (Pi+r pi). ny atthe points V;, V,, draw 
downwards, ordinates of the values log. V,, log. V,; 
through the origin, on the upper side, draw O i, a straight 
line, making the angle whose tangent is (G+) with the 
axis ; and, parallel to it, another straight line GH at the 
ordinate distance O G, equal to log. 


‘0 

Take another point V intermediate to V; V4, draw its 
perpendi and mark off log. V below the axis, and L, 
the point where it meets the line AB. Then, by sag 
tion, the relation which the lines V, K, V, H bear to og. 
(P, +y 0: log. (P,+7p,) must be the sameas V J to V 
and O G to O A, that is to say, V L must be equal to log. 
(P+ rp), and OA the value of this quantity at the origin. 
Again, from the point log. V, below the axis, to the point 
J, by construction, being the sum of the quantities log. V, 


(B+Y) V, and log. *? , is obviously the value of log. 
(P+rp—f), and hence the part V J is equal to the quantity 
log. ad Jc . Now, proceeding towards the origin, 
it will be seen V J would continuously diminish, and at 


the origin, where V is equal to zero, does not vanish, but 
has the definite value gee 
O G=log. "= log. P+7P—F = tog. ' so 
lo 0 0 
by the foregoing. 

TNow, this last value is impossible unless the numerator 
be also zero, and the fraction of the form “ , the smallest: 
value of the numerator, positive or negative, divided b 
zero would give an infinite quotient, which is absurd, 
log. —' AO —f must therefore equal zero, and the number 
a logarithm is A O is none other than the explicit value 


of f. 
&) It having been shown that the point L of the line 
V Lis, necessarily, in the straight line AB, of which the 


phical analysis, as shown, @ and 7 take the 
Teas of the inclination to the axis of pe 








* In the 
form of the t 
revolution ratio and effective pressure lines C D and 





respectively. 
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rdinate at the origin has been shown to have the value 

log. f, if the ent of inclination of the line A B, to the 

axis, be denoted by a, by the first principles of co-ordinate 
geometry we have ¥ 
. (P+r p)=a V+log. f; or, again (P+r p)=f.10 % *» 


ots is the required law of the quantity (P+r p). 
Proposition VI.—Problem : Given the number of revolu- 


tions per minute of the -_ lier for two given speeds of 
the vessel, to determine the law of the revolutions. 

As in the preceding problem, denote the particular values 
of V and N by suffixes (Fig. 3), draw a straight line OX, 

















|Fg3  soM L Legh? 
Re Say 
MV 7 iy 

Leg % 
Log’ 766% 


as axis, and at the points V,, V4, draw perpendiculars ; on 
the under side of the axis, mark off the values of log. V,, 
log. V,, and from the lower end of these measure upwards 
the values of log. N; and log. N,; through which draw 
the straight line C D meeting the ordinate through the 
origin, the intercepted part OC denote by log. n,. Also, 
draw C E, a straight line parallel to the axis O X. 

Take another point V intermediate to V,;, V,, draw its 
perpendicular, mark off the value of log. V, below the axis, 
and L, the point where it meets the line CD. Then, the 
ratio of the ordinates from the axis to the line C D, to the 
part above the line C E, is obviously constant and equal 
to the Jine CO, by definition equal to log. n,: to these 
equals add the part above the line C E ; the sum, in respect 


to the points V,, V,, isthe value of the ratio log. oe log. 
} 
a, generally log. < and at the origin is equal to log. no. 


Now, if 8 be the tangent of the angle which the line CD 
makes with the axis, the parts above CE are obviously 


BYV., BV, BYVs«, hence, generaily, we have log. +=8 v 


+log. n,, and the whole line log. N=log. V + @ V + log. ng ; 


consequently, N=n, V.10 BY; the required law of the 
revolutions. 
Propositions I. and IT. are only the statement, from ex- 
riment, of the logarithmic values of the quantities thus 
emonstrated. Proposition III. was shown to be a mere 
corollary from these. Thus, the pressure upon the unit 
pistons being P+rp pounds, and the space described by the 
»istons in one minute N feet, the power developed in this time 
is (P+rp) N foot-pounds. Now, the high-pressure piston 
and stroke, in a given vessel, is d inches oat 8 feet respec- 
tively, and the unit of power 33,000 foot-pounds, the power 
2 
E in indicated horses is, consequently, E=(P+r PN 
Substituting the values of P+rp and N by Propositions V. 


and VI. gives : 
BV, dts (a+B)V 


E=/.10 x NM» V.10 21,010° = Vi10 
ds . 


Ino 6 ’ 
21,010 
or, taking the logarithm of both members : 
&s 


Log. E=log. V + (a+) V+log. log. : 
g og (a+Q) V+log. fno+ log. 31010 


which is the same result obtained by Proposition ILI. 

Proposition IV. having been adopted as the basis of this 
theory of thedirect motion of steam vessels, is proved by 
implication, and requires none other. As a practical 
illustration to the many who are unable to follow the 
mathematical exposition of the mechanical principles in- 
volved, I propose to give the numerical data for the 
onstruction of the di of the large screw steam 
vessel “‘A,’’ built by Messrs. Denny, Dumbarton. The 
trial data, communicated to me by Mr. Wm. Denny, corro- 
borates in an entirely satisfactory manner the theory thus 
enunciated. This is seen by the nearly perfect manner in 
which the observation values fall upon the respective lines 
of the diagram. 





Progressive Speed Trials of s.s. * A.”’ 

















| 
Elements of Construction. |Logs. do. 
eS 
High pressure ) diameter ... in.| d| 47.0 | 1.6721 
cylinder ... § stroke ft.|}s| 4.0 .6020 
Propeller, pite - os ft.|,H| 22.0 | 1.3424 
Ship’s water line, length ... .» £t,)1,/368.0 | 2.5658 
»» immer mid area ... sq. ft.) )525.0 | 2.7200 
ve ae mean girth ft.|G@| 53.63) 1.7294 
{ 
Trial Data. 
Element. | . | © 111, IV. 
Speed, nautical ;{  V | 620 | 920 | 11.09 | 12,91 
miles... ww 4 | Logs. do 7923 9638 1.0449) 1.1109 
Revolutions of {| N | 3118 | 44.75 | 54.35 | 63.93 
propeller { |Logs. do, 1.4942; 1.6512; 1.7356| 1.8007 
Unit; piston pres-¢| P+rp | 22.79 | 8812 55 73.30 
sure, Ibs. 2 | Logs. do.| 13577, L65811/ 1.7287| 1.8651 
Effective piston ; P+rp—s| 15.01 | 30,34 77 65.52 
pressure «+t Logsdo.| 1.1764 1.4820) 1.6606) 1.8164 

















Measurements on Diagram. 












































Tangent of 
— Ordinate at Origin. Inclination. 
| f=lI8 | 
Pressure ... line AB) Log. f = |OA= .190| & 0755 
Revolution »C D| » Mo = | OUC= .784 —,0024 
Power .. , EF) , E, = | EC=1.228| at+Q| 0731 
Effective pres. ,,G Hi » &= | OG= .625 Y 0494 
Calculated Values of 
d*s H a, d*sn 
2, eae Log. c= 4 2 BGG. connie a> 
. 21,010 Log 101.3 . 21,010 c? 
| d*s | 2 
Log. d* | 3.3442 |Log. », 7140 Log. mc —1.6238 
«it 60200 | ,, H 13494 | ,, tt, 7140 
+» 21,010 4.3224 » 10L3) 2.0056 oe & 1016 
2362 


—16238 | Mi 508 | | 





The explanation of this tabular form for the given 
vessel ‘‘A’’ is briefly as follows : 

1. Elements of construction, the notation symbols, actual 
values and logarithms of these values are noted. 

2. Trial data: values of speed, propeller revolutions per 
minute, and mean diagram pressures, actually observed, 
are noted, beneath each of which is written the logarithmic 
value. The piston pressure, or (P+rp) line being laid 
down, O A the ordinate at the origin is measured, giving the 
value of log. f; hence, f is known, which, being subtracted 
from each of the trial piston pressures, we have the value 
of the effective piston pressure ; completing the trial data, 
and enabling us to lay down the G H line. 

3. By measurement, the ordinates at the origin and 
tangents of inclination of the various lines are determined. 
These latter are effected by measuring the ordinates of the 
respective lines on the 10 mile ordinate, from which the 
ordinates at the origin being subtracted the differences 
divided by ten are the values of the respective tangents. 

4. By calculation as shown, or, in the case of the two last, 
more simply by direct measurement, we find the value of 
the ordinate distance between the piston pressure and gross 

ower lines, the value of log. c and the ordinate distance 
tween the effective pressure and resistance lines. 
m5. By Propositions I. II. III., Proposition IV., and 
the value of the effective power Ey, we have the 
following set of equations for the vessel ‘‘A,’’ giving 
the explicit value of the first member for an assumed value 
of V in the second : 


(1) Log. (P+r p) + .0755 V+ .890 
(2) Log. N = log. V — .0024 V+ .714 
(3) Log. E = log. V + .0730 V + 1.228 
(4) Log. (P+rp)—7.78= log. V + .0470V + .089 
(5) Log. Ev =the. V+ .0470 V+ = 
c pee 
(6) Log.C = log. =° + log. (LAT) 3s = 7924 
o 


The last equation (6) gives the particular value of C, the 
coefficient for general comparison with other vessels; the 
derivation of this from the last term of (4), will be obvious 
on referring to the last term of the equation. 








THE MUSCONETCONG TUNNEL, 
By Hunry S. Deinxer, E. M. 


(Concluded from page 372.) 

Tus concludes the description of the direct methods of 
mining employed at Musconetcong Tunnel, and it may now 
be interesting to you, before leaving the subject, to have a 
summary also of the surveying work done, and of the tests 
made in meeting in alignment and levels, but first we would 
say that at date of publication of this paper, the arching has 
been carried over underneath the shaft, and the latter has 
been filled with clay and earth to the surface. It is also the 
intention to turn a 5ft. ring for a permanent ventilation 
chimney up through the slope. This ring will be 6 ft. in 
diameter in the clear, built four bricks thick, and bearing at 
the bottom on a retaining wall put in across the slope just 
where the rock begins, — around this ring the slope ral be 
filled up to the surface. 

The transit used was literally a “ Heller,” it, and all the 
instruments on the work, being made by the well-known 
firm of Messrs. Heller and Brightly, of Philadelphia. The 
“Gentleman from Drifton” has already had occasion in 
several interesting pa to call the attention of the Institute 
to their mining transit and plummet lamp, and the experi- 
ence at Musconetcong most thoroughly endorses the favour- 
able opinion he ex as to their make. The above 
transit was unusually: large, and of the compound centre 
class ; diameter of graduation of horizontal limb 7 in.; tele- 
scope, 17 in. long, acromatic and erecting; magnifying 
power 28 diameters. A very sensitive bubble is attached to 
axis of the telescope, at right angles to the line of sight, and 
by its careful adjustment and observation great accuracy may 
be obtained. 

The approach to the tunnel on the west begins on a 5 deg. 
curve, the P. T. of which is about 800 ft. from the entrance, 
and the tunnel itself located on a tangent throughout its 
length, the said tangent terminating in a curve, having its 
P. C. some 1850 ft. beyond the east portal. The grade ran to 
asummit in the middle of the tunnel, the same being the 
summit for the road. It was reached by a rise of two-tenths 
(0.2) to the 100 ft. on the west side, cr 10.56 ft. to the mile, 
talling on the east at fifteen-hundredths (0.15) to the 100 ft., 
or 7.92 ft. to the mile. 

To determine the line after its preliminary location, an 
observatory, A (Fig. 20, see next psge), was erected on the 








summit of the mountain, about 12 ft. high, with an 8 ft. 
square base, battering on the four sides about 1} in. to the 
foot. Two stone foundations were also built on line, one 
on a hill at C, about half a mile from the west entrance, 
the other, B, on the grading, at the east end, and half a mile 
from the eastern portal. As the observatory was located 
midway over the tunnel, this _ approximately, equi- 
distant sights of about, say, a mile and a quarter each at the 
farthest. This, however, was done after the tunnel had been 
started from points established on both sides by repeated and 
carefully checked runnings. The tower being subsequent 
built, two points were established, one each on the founda- 
tions B and C, on either side, from the lines by which the 
work at either end had been so far run, and then assuming 
these end points as correct, by a series of repeated and careful 
trials, the centre point on the tower, or permanent back sight 
for both ends was determined by setting up, approximately, 
over it, and then reversing and sighting repeatedly, moving 
the instrument toand fro sideways, within a variable distance 
of about fifteen-hundredths (0.15) of a foot, in which the 
sights all came, and finally taking their mean. This was at 
first done, as soon as the observatory could be located and 
built, with sufficient accuracy to test the preliminary lines. 
Subsequently this centre point was tested, and retested, and 
determined with extreme ——- by the mean of very 
many trials made both by sighting by day and by night, and 
in winter and summer. Different objects were used for 
sighting on in daywork. Both the ordinary red and white 
round pole, also a flat 2in. by lin. black pole, with a white 
certre streak. This latter, from its shape, was found difficult 
to keep plumb, either when held or fastened. Also a pole of 
in. round iron, painted white, was tried and found to 
answer well, better than either of the others. But far better 
and more accurate than any day-light back-sight, whether 
permanent or movable, was found the simple expedient of 
using plummet lamps on clear, calm mights. They worked 
admirably outside, a flame jin. high, by } in. in diameter, 
being distinctly seen in the long sights, and with a 
fine hair the sights were found, finally, to repeatedly 
test within practically such exact limits (two or three- 
hundredths), that the point being once fixed it was not 
subsequently found advisable to move it. Now, these three 
reference points, A, B, and C, being located, at the west end 
a centre was set at the mouth of the slope, and from it an- 
other at the bottom. This gave a back-sight of 276 ft. to 
run from into the heading. At each shaft a centre was firet 
set, with great care, about 25 ft. off, and from this the line 
prolonged to two staples driven into the timbers on each side. 
On the mean of many sights being determined, the points on 
both staples were notched, the notches tested, and fine 
plummet lines dropped from them, the weights being steadied, 
at the bottom, in water. Then the line was continued from 
these, as in ordinary mine surveying, in running from a shaft, 
the instrument being first approximately set up in line, and 
then moved sideways, until the hair exactly bisected the mean 
of the slight oscillations observable in the lines. Though 
the distance to be run from the shafts was not great, this care 
was necessary from the shortness of the back-sight, the dis- 
tance between staples being only some 7} ft., and from the 
fact that the headings were through earth, it being very 
necessary in enlarging through earth to be able to have the 
crown bars closely located at equidistant spaces from centre. 
On the headings Netoesn the shafts and slope meeting, the 
various runnings all tested ery but it was the long line 
between the main east and west headings that required, of 
course, the most care, and caused the most anxiety. This 
line, at the east end, was simply continued on the grading, 
up into the heading, at first with one, and, subsequently, as 
the headings advanced, with two intermediate centres. At 
the west end, the line was at first run into the main headin 
(No. 1) down the slope, but as the enlargement in soft groun 
proceeded between the slope and west end, in time a clear 
sight was obtained from the mouth of the tunnel to the slope, 
and thence into the heading, making two intermediate centres, 
as at the east end. It was always necessary to have a station 
where the slope came down, since the latter was driven, after 
meeting rock, 16 ft. wide, 13 ft. on the left, and 3 ft. on the 
right of centre line, leaving at its foot about 10 ft. of space 
for passage on the right, as the line ran, and, of course, cuttin. 
off centre line. The 3 ft. on the right, however, were dresse 
off, subsequently, at the level of the heading, so as to give a 
clear back-sight to the mouth. 
These east and west lines were repeatedly run and tested as 
the headings advanced, and, besides the work continually 
spent on them by the division and resident engineers, they 
were frequently checked by the principal assistant engineer. 
They finally tested within four hundredths (0.04) of a toot, or 
less than in. The levels were carried over the mountain by 
a series of test benches run until succeeding benches tested 
within five thousandths (0.005) of a foot. On meeting, the 
face benches on either side were found to test within fitteen 
thousandths (0.015) of a foot, or less than one-fifth of an inch. 
Owing to the system of centre cuts, used in blowing the rock, 
in which 10 ft. at a time were brought out, it was especially 
necessary that the chaining should be accurate, so that the 
distance apart of headings might be safely determined. To 
measure over the mountain, two stout frames were made, 
steadied by weights on the legs. They each simply consisted cf 
a vertical shaft with three legs, one movable. From a board 
nailed on the top of the shaft a fine plummet was hung. The 
two were put in line, the plummets centred by the transit, 
and a point at the top of one line levelled with a point near 
the bottom of the other, and the measurement thereon taken 
between the two with steel tape. The hind frame was then 
moved on, and the chaining so carried up or down hill in 
successive steps. This method was found to be satisfac- 
tory; for, on the headings coming together, the distance 
apart, predicted and marked, was found to agree with the 
measured distance within fifty-two hundredths (0.52) of a 
foot, or about 6 in. out in a total chaining of about 8000 ft., 
4000 ft. through headings, and 4000 ft. over the mountain, 
the test measurements being brought down the slope on an 
angle instead of in at the west entrance. 
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BESUME. 

And now it may be interesting to note, in a few words, 
what the history o this tunnel in reality has been ; how the 
three years of its construction have been spent ; what plans 
were adopted by the chief engineer in designing the work, 
and what means were employed 7 the contractor for the 
execution of the same, so as to enable him, in comparatively 
go short a time, t> overcome difficulties as persistent as they 
were formidable. ‘ 

First, it will be noted, that in laying out the work, the 
deep and long cutting at the west end necessitated the start- 
ing of the tunnel by a slope, and that subsequently, on heavy 
bolies of water being met, this cut, for a long time—in fact 
through the majority of the work—prevented economic 

i being obtained by bottom headings through the shaft 
ground, as, until the bottom bench of the said cut was out, 
of course the water had still to be raised by pumping, while 
at the east end, the heading and enlargement started directly 
in from the open cut, and meeting solid rock almost at the 
start, progress went steadily on without any serious natural 
obstacle, to the completion of the work. 
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To revert to the west side again, it will be remembered 
that after getting the heading fairly started to the east from 
the bottom of the slope, water was met in May, 1873, in such 
quantities as first to flood the tunnel, and then, by causing 
the disaster to the slope, to entirely stop all work in the 
heading until January following. But, in addition to this 
sheer and direct loss of eight months, it must be remembered 
that after getting to work again in the heading, it was not 
until May, 1874, that the rock became firm enough to intro- 
duce machine drilling, and that in the four months interven- 
ing between the resumption of work in the main heading, 
in January, 1874, and the meeting of this solid rock, in May 
following, owing to the time lost in timbering and taking 
down loose rock, a total advance of only about 160ft. was 
accomplished, a distance subsequently — in a single 
month by machine drilling (November 14 to December 15, 
1874.) Now, this brings us to May, 1874, to just one year 
from the time the heading was drowned out, making a dead 
total of one whole year in this heading, in which, in spite 
of every effort, an advance of only 160 ft. was gained, from 
the natural and unforeseen difficulties encountered. 

Now, when loose rock was first struck in-this west heading, 
March, 1873, at a point about 276 ft. from the slope, there 
were yet 3256 ft. between headings. After the machines got 
fairly to work at the west end, they made an average in the 
six months, beginning June 1, 1874, of 135 ft. per month, 
through a rock which was pronounced harder and tougher 
than any met with in the Hoosac Tunnel, by judges familiar 
with both. At this rate, the east heading would probably have 
been met June, 1874, the enlargements in rock would have 
been close after, and the tunnel completed nearly a year 
sooner ; for the soft a arching, had it not also been de- 
tained by water, could have been probably pushed so as to keep 
up. Again, had this tunnel been driven throughout, as cer- 
tainly many tunnels have been, in moderately firm rock, how- 
ever , and without meeting such persistent natural ob- 
stacles, according to the record shown of the progress now 

ible to attain through the agency of machine drilling and 
igh explosives, it might well have been finished at, say, the 
moderate rate of 125 ft. per month of the headings, within less 
than two years from the start, as the main headings from the 
slope east, and from the east coming west, would have holed 
in about sixteen months, during which time the heading from 
the slope west and the enlargements would have been going 
on, and leaving eight clear months of the two years for p xv] 
instarting, pushing the open cuts, finishing enlargements, 
and for accidental stoppages, &c. 

To expedite the work, the contractor had in use the latest 
and most improved machinery, and no means were spared to 
push the work in every possible manner. The plant found 
necessary comprised : 

Twenth-six Ingersoll drills. 

Four Burleigh and four Rand and Waring compressors. 

Four return tubular boilers at west end. 

Five large locomotive boilers at east end. 

Two machine shops with repairing outfit, one at each end. 

About 14 miles 6 in. air and water pipe. 

Two hoisting engines, one each at the slope and shaft. 

Four locomotive boilers to run them. 

A number of steam hans in constant use. 

Two steam shovels for removing the west end open cutrun 
constantly day and night, and two small locomotives to run 
out the cut, and such of the tunnel material as could be 
—— out of the entrance. 

All material for the west end for over two years had to be 
carted nearly a mile by rough roads from the Central Rail- 

road, while that for the east end, comprising in coal alone a 
heavy expense, required to be hauled some 5 miles over a 
heavy mountain road, and all this carting kept some 24 four- 

teams in constant employment. About 1000 tons of 
soft coal were burnt in the course of the work, by the steam 
shovels, blacksmiths’ shops, and locomotives, and it took 
about 26,500 tons of anthracite, in the three years, to supply 
steam for the slope and shaft hoisting engines, pumps, and 
the west and east end compressors. In the whole amount of 
tunnel work, about 14 tons No. land 70 tons No. 2 dynamite 
were used; quite a large amount, including some black 
powder, being also consumed in blasting rock met in the 
Open cuts. Some black powder, also, was used at first in 


Now, as there were about 82,000 cubic yards of rock exca- 
vated in the tunnel with dynamite, this gives, as a total 
average, about 0.341b. No. 1, and 1.71 lb. No. 2 burnt per 
cubic yard of rock broken, inclusive of all work, which tallies, 
it will be found, pretty well with previous estimates made of 
the powder consumed in heading and bench work; as for 
heading work, it was estimated that about 0.4 1b. of No. 1 
was burnt per cubic yard of rock broken, and this proportion 
is reduced in the general average, probably, by some No. 1 
occasionally burnt at the bench. Again, in the heading 
work it was estimated that some 4 lb. No. 2 were burnt per 
cubic yard broken, and at the bench 1.05lb. As the rock 
broken in the heading would run about one-third of that in 
the bench, the total average of 1.71 1b. per yard for the whole 
tunnel is not far from a mean. 

In exploding this powder, 5400 ft. of leading wire, and 
805 lb. or 261,625 ft. of connecting wire were used; also 
55,100 exploders, with an aggregate length of 567,200 ft. of 
wire attached, making in all a total length of 834,225 ft., or 
about 164 miles of wire used. For blasting by fuse, some 
200 boxes, or about 20,000 caps, were consumed. 
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When in full progress, Mr. McFadden had constantly a 
force of about 1000 men on hand, and with them built up a 
settlement of several hundred shanties on each side of the 
mountain. 

With reference to these mon, it may be noted that the ex- 
perience at Musconetcong, paralleled that on most public 
works in the obstables encountered by every contractor, 
namely, the swarm of liquor shanties, which, if not soon 
checked with a stern hand, will every month throw the work 
almost idle for a week aoe pay-day. Jersey law being 
proverbially infallible, might have been expected to stop 

remptorily a large unlicensed sale of liquor, but though her 
aws may do forthe home rule of the simple and peace-loving 
aborigines, it was found necessary, on the introduction of a 
more active community, to pass some special provisions for 
their benefit; among these laws was one rendering the sale 
of liquor in quantities under five gallons at a time, within 
three miles of either extremity of the Musconetcong Tunnel, 
a crime punishaable with a year’s imprisonment, or one 
hundred dollars fine, or both, for each’offence. Under this 
law, several convictions being at once secured, the nuisance 
was effectually abated for the time that the men were most 
needed, though the peculiar circumstances do not warrant 
its being claimed as an attempt at temperance reform, as the 
ordinary railroader would require some radical organic 
change in his constitution and being, before he could be 
men on so delicate a subject with any permanent 
effect. 


When we look back over the history of this work and note 
the many obstacles encountered, and the steady train of diffi- 
culties in succession arising, it seems hardly credible that so 
much work could have been compressed into the space of 
three years, comprising a record of tunnelling that, under the 
old regime of hand labour and black powder, might well, with 
the hard rock, heavy ground, and dead work encountered, have 
occupied much more than double the time ; and in studying 
this record, perhaps you will agree that a Pennsylvania cor- 

ration has in this instance put through a work that, it may 

e hoped, will neither go back on the builders nor on the 
future ever-moving tenants. 

In conclusion, we would beg the indulgence of our fellow- 
members of the Institute for the errors of omission and com- 
mission in the above paper. They must remember that it 
has been hurriedly compiled during odd moments of the busy 
life of a tunnelist, while treading the divers “ paths that are 
(literally) dark,” in which his feet are led. Some of the 
methods of mining haye been characterised as new in 
America ; for this reason the ry by the English method 
has been illustrated as fully as the time permitted, and in 
this connexion we desire to acknowledge the ready and very 
efficient assistance rendered by Mr. William D. Harts- 
horne in the preparation of the various illustrations and 
statistics. The supposititious geological formation given 
when this paper was read at New Haven, has since then re- 
ceived the endorsement of Professor Cook, State Geologist of 
New Jersey, and that of Professor Smock, his assistant, as 
to the question of the limestone underlying the syenite in 
consequence of a pos fold ; and it may be well to state 
that Professor Cook is of the opinion that although Potsdam 
sandstone was not directly encountered, nevertheless that part 
of the decomposed layer of rock lying between the limestone 
and syenite was originally sandstone, and this, if so, would 
complete the parallelism of the formation with that of the Le- 
high Valley above. 

f this account of the history and methods of work adopted 
at Musconetcong has been of any interest to fellow members 
of the Institute, their co-operation is requested in a supple- 
mentary paper, or treatise, on American tunnelling in general, 
for which the author of this paper has been endeavouring to 
collect data. There has been no resumé of American work 
in this direction, and it would be very interesting, with the 
long range behind us of the many tunnels driven by hand 
labour through all kinds of material, joined to, and contrasted 
with, the late decided success of machine work at Hoosac, 
Nesquehoning, Musconetcong, and elsewhere. And it would, 
also, be of interest to compile and contrast the different me- 
thods of driving and enlarging in soft ground in America 
with the methods in vogue ab European engineers 


of ate years, since the establishment of the various engineer- 
ing societies, have such papers as those of North, Dutton 
8 Chesborough, Clements, and others, begun to show 
what has been going on in our underground railroad work. 
It might be well worth while to collate all available informa- 
tion on the subject, and any additional data that engineers 
interested will » wood to furnish will add to the value of our 
work. Then, by tabulating and giving a general outline of 
such records as may be attainable, we shall be able to see 
what American tunnelling, as contrasted with European, 
amounts to. 








FOREIGN AND COLONIAL NOTES. 
Gauge Changing in the United States.—The gauge of 
the Houston and Texas Railroad has been chan to 
4 ft. 84 in. for 120 miles between Houston and Hearne, 
making it uniform through to Philadelphia and New York. 


New Zealand Railways.—The Waikato and Vuinui line, 
which was to have been completed this autumn, is now 
expected to be ready for service about the middle of 1877. 
The Auckland and Kaipara extension to Riverhead has been 
indefinitely postponed. 


New South Welsh Railways.—It is expected that before 
the close of this year 85 miles of additional railway will be 
opened for traffic in New South Wales, viz., from Bowning 
to Murrumburrah, 34 miles; from Bathurst to Blayney, 
27 miles ; and from Murrarundi to Quirini, 24 miles. The 
total extent of line now under construction in New South 
Wales is 224 miles, and during the recent session of the 
Colonial Parliament the construction of 265 additional miles 
was authorised. Some additional loan estimates proposed 
by the Colonial Government, which embraced ae ex- 
tensions from Wagga-Wagga to Albury, from Iluka-on-the- 
Clarence to Woodburn-on-the-Richmond, from Waller- 
awang to Mudgee, and from the junction of the Lachlan 
and the Murrunbidgee to Poonearie-on-the-Darling have 
been withdrawn. 


The John Cockerill Company.—The net profit realised 
in 1875-6 by this great Belgian mechanical concern was 
10,3821. ; and as this balance is to be carried forward to the 
credit of 1876-7, the shareholders will receive no dividend 
for the past financial year. The amount paid in wages for 
1875-6 was 379,3461. The work on hand at the company’s 
various establishments October 15, 1876, represented a value 
of 267,4801., as compared with 410,2807. October 15, 1875. 
The difference between the value of the work on hand now 
as compared with last autumn, is in part explained by the 
fact that in October, 1875, the company was constructing 
a steamer named the Egypt; {this steamer alone repre- 
sented a value of 38,0007. Last autumn the company was 
also executing an order for 11,000 tons of steel rails for the 
Belgian State Railways, while this year a similar order is 
on hand for 2000 tons only. 


Adelaide Steamship Company.—-At the second ordinary 
meeting of the Adelaide Steamship Company, the chairman 
stated that the work of constructing steamers for the com- 
pany was being actively carried on. It was expected that 
the first of the company’s steamers would be in Australian 
waters by Christmas. The builders employed were, tho 
chairman added, the firm of Messrs. D. and W. Henderson, 
of the Clyde, a firm better known by the old name of 
Messrs. Todd and McGregor. The steamers are to go out 
to Australia by the Suez Canal, as being the quickest and 
cheapest route. 


Public Works in New Zealand.—The New Zealand 
Minister for Public Works (the Hon. Mr. Richardson) has 
just made his annual statement to the Legislative Assembly 
of that colony. The minister stated that the actual ex- 
penditure upon railways in the North Island has b2en 
1,780,9561.; and in the South Island, 3,403,538/. In the 
South Island 600 miles of railway are completed, but in the 
North Island only 145 miles are at present available for 
traffic. 

Paris, Lyons, and Mediterranean Railway. — The 
traffic of this great line is now reviving. An increase of 
11,1741. was established upon the system for the week 
ending October 13. Up to the same date, however, an 
aggregate decrease of 228,607/. had accumulated against 
the system for the whole year. 


Mining in Utah.—Utah now contains 90 mining dis- 
| sor and has some 10,000 people engaged in mining in- 
ustry. 


The German Navy.—The German navy now comprises 
eight ironclad frigates and three ironclad corvettes, besides 
vessels for coast defence, school ships, and vessels for 
harbour service. The list of vessels for coast defence is 
made up as follows : two ironclad frigates, and five ironclad 
gunboats, eleven torpedo boats, eight gunboats of the 
second class, six avisos, and two transports. The school 
ships comprise one ship of the line, one sailing frigate, four 
corvettes, and three brigs. Thevessels for harbour service 
embrace nine steam transports, three vessels serving as 
barracks, five pilot boats, and ten vessels for the transport 
of coal. 

Franco-Austrian Railway.—The quantity of pig pro- 
duced in 1875 at the blast furnaces of the Franco-Austrian 
Railway Company was 40,570 tons. Of this production, 
14,626 tons were made at the three charcoal worked blast 
furnaces at Resicza ; these 14,626 tons were almost exclu- 
sively devoted to the manufacture of Bessemer steel, 








DRAUGHTSMEN FOR AUSTRALIA.—We notice that the 
South Australian Government uire the services of rail- 
way draughtsmen to go out to Adelaide. The salary is 280/., 
with a free passage to the colony. Applications are to be 
made with testimonials to Mr. F. 8. Dulton, Agent-General, 





have very little knowledge of the heavy work done here, 





the tunnel at the start, before the introduction of dynamite. 


from the paucity of published accounts on the subject. Only 
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THE HUNT AND DOUGLAS COPPER 
PROCESS. 
By T. Eaueston, Pu. D. 

Tue Hunt and Douglas copper process is based on 
the principle that the oxides of copper are soluble in 
a hot solution of common salt and protochloride of 
iron, peroxide of iron being separated while proto- 
chloride and dichloride of copper are formed, The 
protochloride of copper is soluble, but the dichloride 
is insoluble in water, butit readily dissolves in a hot 
solution of common salt. From the solution the | 
whole of the copper is precipitated in a metallic | 








else over the surface of the wash liquor which is 
evaporated in shallow pans constructed on the 
upper hearth of the roasting furnace. At first 
the action of the sulphurous acid was effected in the 
solution tank, and steam was injected with it to 
keep up the heat, but this was found to dilute the 
liquor too much, and the simpler process of evapo- 
rating the waste liquors on the upper hearth of the 
roasting furnace was then adopted. The action be- 
tween the protoxide of copper and the protochloride 
of iron on which this process is founded is shown 
by the formula, 
3 Cuy On +4 Fe Cl=2 Fes O; +2 Cu Cl+2 Cu, 2 Cl; 


the oxide of the ore, and prevent any further action 
of the chlorides. The dichloride is, however, 
readily soluble in the solution of salt. 

A saturated brine at 90 deg. Cent. dissolves as 
dichloride 16 per cent. of Cu. 

A saturated brine at 40 deg. Cent. dissolves as 
dichloride 8 per cent of Cu. 

A brine containing 15 of salt to 100 of water 
dissolves at 90 deg. Cent. 10 per cent. of Cu. 

A brine containing 15 of salt to 100 of water 
dissolves at 40 deg. Cent. 6 per cent. of Cu. 

A brine containing 15 of salt to 100 of water 
dissolves at 14 deg. Cent. 35 per cent. of Cu. 
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state by scrap iron, protochloride of iron being again Y ] a " 
formed. The solvent solution, or bath, is made by Uy id ow 
adding protosulphate of iron (copperas) to a strong ¢ 
solution of salt, so that the protochloride of iron is ob- y + 
tained by double decomposition, and once formed is ¥ 
continually regenerated by the precipitation of the Y Y 
metallic copper. This process may be applied to L ( ‘| . a 
all ores of copper ; but the copper contained should bd 
be for the most part brought to a state of oxide. y } 1) 
Oxidised ores, such as carbonates and oxides, should y ( Zu ay 
be calcined. Silicates should be treated with carbon |) eae 
to destroy the combination, and reduce the copper Y XS st aa: : 
to a metallic state and then be oxidised. Sulphurous ——————— INN Vee Se 
ores require roasting. To facilitate the oxidation Uy ( epee 
the ores should be ground and treated in a muffle : 
or reverberatory furnace until the whole or nearly — ) : 
the whole of the copper is soluble in boiling dilute hy- y 


drochloric acid. From 20 to 30 per cent. of metal 
should then be in the form of soluble sulphate, the 
— being in the condition of oxide and sub- 
oxide. 

_ There is always a certain loss of protochloride of 
iron resulting from the separation of a little oxi- 
chloride of iron in the bath, due partly to the action 
of the air and partly to the reactions. in the bath 
itself. The amount of chlorine thus lost will vary 
between 5 and 10 per cent. This loss must in all 
cases be supplied. 

When sulphuretted ores are treated it is com- 
pensated for by the sulphate of copper, which 
amounts often to from aquarterto ahalf of the copper 
present, and affords by its decomposition of metallic 
iron protosulphate of iron. When the ores contain 
no sulphur the loss in chlorine may be supplied by 
adding small portions of protosulphate of iron, or 
by passing the sulphurous gases from the roasting 
furnace over the surface of the bath, in the tanks 

































































































































in which the solution of the copper is effected, or 





it thus produces sesquioxide of iron and both chlo- 
rides of copper, two-thirds being dichloride. As 
there will generally be some binoxide of copper 
present, the reactions shown by the formula below 
will also take place, 

3 Cu, O+2 Fe Cl=Fe, 0, +2 Cu, Cl+2 Cu. 
The metallic ome thus set free is rapidly con- 
verted into dichloride by the protochloride present, 
as is shown by the formula 

2 Cu C1l+2 Cu=2 Cus Cl, 

so that if not more than one-half of the copper be 
in the state of binoxide, the remainder being pro- 
toxide, the whole will be chlorodised by the proto- 
chloride of iron. 

Protochloride of copper contains 31.75 per cent. 
of copper, and is very soluble in water; but the 
dichloride, which contains 63.50 per cent. of copper, 
is insoluble. It would, therefore, very quickly coat 





When these strong solutions are diluted the 
chloride is precipitated. 

A solution of 5 per cent, of salt dissolves at 
90 deg. Cent. 2.6 per cent. of Cu. 

A solution of 5 per cent. of salt dissolves at 
40 deg. Cent. 1.1 per cent. of Cu. 

This is a little below the result of actual experi- 
ment, 

The copper precipitated when the protochloride 
of iron acts on the binoxide is at once dissolved, if 
protoxide is present to yield the necessary amount 
of protochloride. This protochloride acts also on 
sulphurous compounds, which are easily soluble in 
protochloride of copper and salt, and are converted 
into dichloride, so that an imperfectly roasted ore 
can still be easily treated. 

The process was first introduced at Harvey Hill, 
Canada, and is now used at Ore Knob and Davidson 
County, U.C., at Phoenixville, Penn., and at 
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town, Col, where it is used in connexion 
with the extraction of silver, and in several places 
in Chili, At Harvey Hill the ores were sulphurous, 
and were dressed up to 15 percent. At Ore Knob 
they are mixtures of iron and copper pyrites, con- 
taining 5 to 10 per cent. of copper and 30 per cent. 
of sulphur; they are dressed up to contain 100 lb. 
to 120 Ib. of copper to the ton. 

At Phoenixville the ores are mainly pyritiferous. 
A large quantity of silicates containing con- 
siderable magnesia yielding 8 per cent. of copper 
are also treated. The ores treated in Chili, at the 
works at Invernanda, are bornite, yielding about 
5 per cent. At a second works carbonates, and in 
a third sulphurous ores rich in silver are treated. 

The process is composed of five different parts : 

1. Drying, crushing, and sorting the ore. 
2. Roasting the ore. 

3. Solution of the copper in the roasted ore. 
4, Precipitation by iron. 

5. Refiping the cement copper. 

Fig. 1 on the preceding page is a plan of the works 
as constructed at Ore Knob. 

1. Drying and Crushing the Ore—At Ore Knob the 
ore is hand picked, and dried in a kiln 20 ft. by 40 ft., 
and crushed in a Blake’s crusher, from which it falls 
upon a pair of Cornish rolls 30 in. in diameter. 

rom here it is lifted by an endless chain to a re- 
volving screen, the inner cylinder of which has 10 
and the outer 40 holes to the lineal inch. The fine 
ore passes through the screen, and the coarse is 
carried to a second pair of Cornish rolls 20 in. in 
diameter, and is again screened. All the ore is thus 
passed through a sieve of 40 holes to the lineal inch, 
and falls into a bin, from which it is carried to the 
roasting furnaces. In Chili the screens used are 
larger, having only 8 to 12 holes to the lineal inch. 
The rolls are 28 in. in diameter, and two pair of such 
rolls treat a ton of ore in less than an hour. It is 
not desirable to have the ores too fine, as simple 
lixiviation can be used for ores from one-eighth to 
one-tenth of an inch, but all finer ore must be 
agitated. Stampsare also frequently used which 
treat 24 tons of ore, which has previously passed 
through a Blake's crusher, per hour. Each stamp 
requires one horse power to do this work. 

2. Roasting the Ore.—All sulphurous ores must be 
roasted when the copper is disseminated in a large 
quantity of gangue, or when ores or mattes are 
very rich they must be ground fine in order to 
effect the roasting. When it is in grains the size 
of a pea, and not very rich, this is not necessary ; 
but as a general thing the larger the ore the more 
fuel will be required to roast it. Whenever the red 
oxide predominates it should be roasted to convert 
it into protoxide, as it would not otherwise be en- 
tirely soluble, The carbonates must be calcined to 
drive off the carbonic acid. In roasting sulphurous 
ores .it is not desirable to raise the temperature so 
as to decompose all the sulphates and transform 
all the binoxide into protoxide, because the binoxide 
converts protochloride into dichloride, and thus 
saves iron in the precipitation, and because too 
high a temperature and too complete a roasting 
render a portion of the copper insoluble in the 
protochloride of iron, and thus involves a waste of 
time and fuel. The roasting should only be carried 
far enough to oxidise all the sulphurets in the ore 
and to convert them into oxides or sulphates. This 
product might be treated at once, but too much sul- 
phate renders the solution impure and uses too 
much metallic iron. If the ore contains no car- 
bonate of lime or magnesia it is not desirable to have 
more than a quarter of copper as sulphate, which 
will be quite suflicient to repair the waste of iron. 
If it is present, a larger quantity must be left, as by 
the precipitation of the copper soluble iron salts will 
be formed and the waste of iron avoided. The 
amount of sulphate is determined in each case and 
the excess of sulphuric acid thrown down with lime 
after all the copper -has been precipitated. The 
clear liquor is then pumped into the supply tank. 

If the ores are of several qualities it is advan- 
tageous to roast them separately, and if fuel is cheap 
and the ore rich it might be roasted in heaps. At 
Ore Knob there are six three-hearth reverberatory 
furnaces built together in a structure 32 ft. 90 ft. 
These farnaces are all under a shed 50 ft. x 100 ft. 
Each furnace treats 2tonsina day. Their dimen- 
sions are : 

Fireplace, 24 ft. by 2} ft. by 6ft. 
Laboratories, 9 ft. by 8 ft. 

Height of chimney, 30 ft. 

Number of bricks in each furnace, 25,000. 

Recently eight large furnaces on the same plan 
have been constructed capable of treating 3. tons 





each. The or of ore that can be roasted in a 
furnace will depend on its character and the amount 
of sulphate it is desirable to retain in the ore. If 
the ore contains 15 to 20 per cent. of sulphur, not 
more than 2500 Ib. can be treated, but if it contains 
only 5 to 7, 4000 lb. can be treated in the same time. 

The ground ore at Ore Knob is charged through 
hoppers, one ton at a time, and remains twelve 
hours on each hearth. During this time it is stirred 
every hour on the two lower hearths through doors 
at the end of the furnace. At the end of twelve 
hours it is dro ped through openings on to the 
hearth below. TFach charge of ore thus remains 
36 hours in the furnace and has been rabbled about 
40 times. When the roasting is finished, the ore is 
drawn out into receptacles to cool. The mean com- 
position of the roasted ore at Ore Knob is: 


Sulphate of copper ... a id, we 3.76 
Oxide = om &. — a 7.75 
Sulphide *s ote ene ne tis 39 

Total ... 11.90 


At Pheenixsville, when a magnetite containing 
copper pyrites with a large amount of carbonates of 
magnesia is treated, charges of 5000 lb. are calcined 
per 24 hours on each hearth, During the roasting 
the sulphide in the ore is reduced to about four- 
tenths of 1 per cent. On account of the carbonate 
of magnesia a considerable quantity of sulphate is 
neutralised. The composition of the roasted ore is : 


Sulphate of copper ... wb ove ae 1.25 

Oxide Pe me ose one oe 1.10 

Sulphide 9 a na ose on A 
Total ... . ide 2.75 


At Ore Knob two shifts of four men each work 
the six furnaces. Lak: prey J of fuel varies with 
the ores; but in general one cord of wood suffices 
for 3 tons, and one ton of coal for 8 tons of ore. 

Besides pyritiferous ores they treat at Phoenix- 
ville a silicate of magnesia containing 4 to 6 per cent. 
of copper in chemical combination, which must be 
broken before the ore can be treated, as in this con- 
dition it is entirely insoluble. This ore is treated in 
a muffle furnace with carbon which reduces the 
silicate to metallic copper. A very few minutes’ 
exposure to the air after reduction oxidises the whole 
of the copper and rendersit perfectly soluble. 

Our engravings show four such furnaces. There 
are only two actually at work at Pheenixville. Each 
furnace (see Figs. 2 to 4) consists of a chamber 13 ft. 
high, 14 ft. long, and 7 ft. wide, in which two upright 
muffles 10 ft. 6 in. high, 12 ft. long, and 2 ft. wide 
are placed, with a passage between them 8 in. in the 
middle, and 4 in. on the side, and of 8 in, on 
the bottom. They are tied to each other and to the 
walls of the chamber by single bricks made for the 
purpose. Each muffle has openings at the top 
13 in. square for the introduction of the ore. Below 
the chamber there is a fireplace for each two mufiles, 
which is 2 ft. wide, 28 in. at the top of the arch. 
The grate is 10 in. below the bottom of the lower 
canal for the heat, and 30 in. above the bottom of the 
ash pit, 

The ore is almost a clay and comes from the mine 
always wet. It must be dried before it is put into 
the furnace, and for this purpose the waste heat of 
the chambers is carried in flues beneath a very large 
brick drying floor, where the ore is carefully dried 
before it is charged. Each muffle holds 15,000 Ib. of 
ore, which is mixed with 10 per cent. of bituminous 
coal dust. It is simply shovelled into the furnace 
at the top from both openings and spreads itself 
out. No work is done upon the ore once in the 
furnace. It takes about three days to charge, 
treat, and discharge the furnace. As the furnace 
must be brought to a red heat and the flame has no 
access to the charge, a considerable amount of fuel 
is required to heat the muffles, and 3000 lb. of coal 
per day is usuaily burned in each chamber for this 
purpose, Two men, one by day and one by night, 
are required to do the work, which consists in keep- 
ing up the fire, turning over the ore on the drying 
floor, and charging and discharging the furnace. 
While the charge is in ‘the furnace the only labour 
is to keep up the fire and turn the ore. The most 
difficult labour is that of discharging the furnaces. 
For this purpose a hoe with a long handle is used. 
The workman introduces it at the door and runs it 
along on the iron frame, endeavouring to increase 
the angle as he runs it in, balancing it by his 
weight as far as possible, and allows it to drop when 
it has reached as far as possible the end of the fur- 
nace, and then withdraws it. As the ore is red hot 
this work would generally be very difficult. The 
extreme mobility of the ore, however, which runs 


faster than sand, renders it quite easy, but as the 
heat is high the workmen are obliged to rest every 
few minutes. In cool weather one man will discharge 
and charge a muffle in eight hours. In warm weather 
it takes a longer time. No matter how high the 
temperature of the furnace is while the ore is ina 
reducing atmosphere, the copper in the ore will re- 
main in a metallic state; but it will oxidise im- 
mediately on being withdrawn from the furnace and 
exposed for only a few minutes to the air. It will 
then be entirely soluble in the bath. If, however, 
after it is once oxidised it is exposed again to eyen 
a low heat in an open furnace, it becomes as in- 
soluble as it originally was. The combination of 
the oxide of copper with the silica which has been 
destroyed, seems to be again reformed by a very 
slight elevation of temperature, so that if by any 
accident the temperature of the ore after it has 
once been cooled is raised it must be treated again 
in the furnace, as if it came fresh from the mine. 
There seems to be no limit to this power of reduc- 
tion and recombination. The labour in this furnace 
- five charges of 15,000 1b. each, or 75,000 lb. will 
Ce 
dols. 

14 men at the furnace at 1 dol. 40 cents 19.60 

5 labourers at 1 dol. 5 cents... eve 5.25 

When the ore from any roasting furnace is cold, 
it is weighed and assayed, and sent to the solution 
tanks to be treated by the solution of protochloride 
of iron and salt. 

The more completely the ore is oxidised the more 
thorough will be the extraction of the copper, but 
a dead roast with sulphurous ores is to be avoided, 
since it is desirable to leave some sulphate to pro- 
vide against the loss of chloride of iron. The 
thoroughness of the roasting, and consequently the 
nicety with which the copper can be extracted, 
will depend upon the relative value of the ore, 
labour, and fuel, 

(To be continued.) 
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Le Chauffage de Voitwres de toutes Classes sur les Chemins 
de Fer. With an Atlas of 31 Plates. By M. L. Rearay. 
Ingenieur-en-Chef du Matériel et de la Traction de 
la Compagnie du Chemins de Fer de l’Est. Published 
by the Council of Administration. Paris: Paul Dupont. 

M. Reeray has supplemented the investigations of 

Baron von Weber, on the heating of railway car- 

riages, with two volumes that carry the subject far 

beyond the work that we so fully analysed more 
than four years ago (vide our fourteenth volume). 

The book commences by an introduction from M. 

Jacqmin, director of the Chemins de Fer de |’Est, 

and whose name is so well known in connexion with 

the working of railways. 

Several lines belonging to this railway company 
are situated in districts where the cold is often in- 
tense, and the efficient warming of the vehicles is a 
very necessary measure. Opinions as to the practical 
success of heating railway carriages differed widely, 
some maintaining that the problem had been com- 
pletely solved, and others holding an opposite 
opinion. In 1872, the French Administration placed 
themselves in communication with the various com- 
panies, and the following year the Eastern Council 
of Administration supplied the necessary means for 
making experiments on its own lines, and also for 
obtaining reports from abroad, These investiga- 
tions were at once commenced only to be finished 
during the current year, and when embodied in the 
report of M. Regray they were placed before the 
Council of Administration. 

The report, accompanied by its thirty-one plates, is 
divided into three parts as follows: 1. On the various 
processes employed for warming carriages on the 
principal European railways ; 2. On the experiments 
that have been made on the Eastern Railway of 
France ; and 3. The conclusions derived from parts 
land 2. If railway companies in France have not 
advanced so rapidly as regards the warming of their 
railway vehicles as those of some other countries, 
they have at least conducted a long series of very 
valuable and costly experiments which, taken in 
connexion with foreign experience, have led them 
to results, perhaps not altogether perfect, but at 
least satisfactory for the present, ‘The report, after 
considering the use of hot air, steam, and briquettes, 
passes on to the use of hot water, which the author 
considers possesses the greatest advantages, the most 
successful mode of application being the problem 











that requires solution. M. Regray concludes: 1, 
that movable heaters insure the warming of all classes 
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of carriage in trains on more than two hour 
journeys; and 2, that a certain number of fixed cir- 
culating apparatus (thermo-siphon) carrying their 
own fire should be made. 

The first partof M. Regray’s book passes in review 
the various processes tried by twenty-one of the 
largest railway companies in Germany, by various 
Austrian administrations, as well as others in Russia, 
Sweden, Norway, Switzerland, Belgium, Holland, 
England, and Italy. One chapter is also given to 
trials made in France on the Dombes Railway of 
stoves, and on the Charentes Railway of the steam 
from the engine employed to reheat during the 
stoppages of the train the water placed in heaters 
attached to the carriages. Many of these arrange- 
ments are already known to our readers from the 
articles we published based upon Baron von Weber’s 
researches, and above referred to, and from the 
reports on the rolling stock at the Vienna Exhibition, 
The second part of the book contains a detailed 
account of the experiments made on the Eastern 
Railway, under the superintendence of M. Salomon, 
an engineer belonging to the company. The trials 
were conducted with the following apparatus placed 
in a train running daily between Paris and Nancy: 
1. Hot air apparatus (systémes Grandvallet and 
Kienart), and various similar —— from MM, 
Mousseron, 2. Heaters with artificial fuel (systémes 
Grandjean and Eastern Railway). 3. Hot water 
circulating apparatus (systémes Weibel and Briquet 
and Eastern Railway). A chapter is also devoted 
to the consideration of movable heaters and the 
development of which this system is susceptible, 
and another chapter deals with a number of untried 
systems. 

Lastly, the third part comprises a general résume, 
and gives conclusions obtained. These conclusions 
are based on the estimation of the various expenses 
of establishment and of heating, and on a series of 
observations hitherto much neglected—the equal 
distribution of heat throughout the vehicles. To 
ascertain this, thermometers were placed in different 
parts of the compartments and the temperature fre- 
quently noted, the effect produced by the inde- 
pendent or collective opening of windows on each 
side being also noted. The results thus obtained 
are reduced to diagrams and comprised in the atlas, 
and form not the least interesting part of the work, 
especially from a scientific point of view. In the 
same way the use of hot water was subjected to 
examination. Subjoined are estimates of cost: 





measures of expansion. We also, at the same 
time, pointed out how high d of expansion 
could safely be used, if compound direct-acting 
engines were resorted to, and we described such 
an engine which had then been lately erected at the 
East Hetton Colliery, Durham, by Messrs. Hathorn, 
Davis, Campbell, and Davey, of Leeds, This en- 
gine is one fitted with Mr. Henry Davey’s ingenious 
differential valve gear, of which we have several 
times had occasion to speak, and when describing 
it we —— a hope that on some future occa- 
sion we should be able to place before our readers 
the results of some experiments which it was pro- 
posed to make on it. This we are now able to do, 
we having been enabled in September last, through 
the courtesy of Mr. Wood, the engineer of the East 
Hetton Colliery, to carry out a series of trials of the 
engine working under different conditions and at 
different speeds. Of the results of these trials 
we propose now to give some particulars. 

Inasmuch as the East Hetton engine was illus- 
trated in our pages a year ago (vide pages 412 and 
413 of our twentieth volume) and fully described at 
the time, it will be unnecessary that we should here 
re-describe it in detail; but we may recall its chief 
features, It is a horizontal compound and direct- 
acting engine, the high and meh, se Me cylinders 
being placed in one line with a horizontal double- 
acting air pump behind them, and the piston rods 
being coupled by a wooden spear to a pair of 
quadrants at the top of the pumping shaft, The 
two cylinders are respectively 34 in. and 64 in. in 
diameter, and the distance between the cylinder 
covers is sufficient to allow of a maximum stroke of 
7 ft.6 in. The usual stroke at which the engine is 
worked is, however, as will be seen hereafter, about 
3} in. less than this. Both cylinders are steam 
jacketted on the barrels, but not on the covers, the 
steam for the jackets being supplied by a branch 
from the main steam pipe, and provision being made 
for shutting it off when desired. As we have already 
stated, the engine is fitted with Mr. Henry Davey’s 
differential valve gear and pausing gear, the latter 
arrangement causing the engine to make a dead 
pause of any desired duration at each end of the 
stroke. The object of this pause is to insure the 
pump clacks closing fairly at each stroke, and 
although we consider that with poner constructed 
pumps and well proportioned valves it is quite 
possible to dispense with pauses of this kind without 
incurring any shocks, yet there can be no doubt that 


Comparative Estimates for Applying and Working different Systems upon the Eastern Railway of France. 


























Total Annual Cost of Heating, in- 
7) cluding Cost of Fuel, Wages, Main- 
Cost of First Establishment. 2 tenance of Apparatus, Interest and 
g Amortisation of first Cost, and Mis- 
td cellaneous Expenses. 
System or HeatTIna. S 5 | 
Propor- 3 Percen- 
Propor- ti o Cost per|g ‘ 
Total | tion to | #” to 5 tage on Carriage| ost per|Cost per 
Cont. | cach | SOP | 8 | Fee cee | eeeee Dace 
Carriage | e g ger Re- oar. e. jger Mile. 
jworked. <q ceipts. 
, ioe oe Seer ae d. d. d. 
Stoves applied to third-class carriages only | 11,340 11.69 8.134 7,000 -920 2.921 153 -0177 
Hot air apparatus—Mousseron system --| 72,196 33.50 | 51.790 | 25,200 1.799 | 4.493 232 0418 
Artificial fuel apparatus bd eas ...| 60,636 | 28.14 | 43.494 | 47,600 | 3.899 | 8.486 | .438 .0798 
Steam heating—Bavarian system ... --.| 92,625 | 42.99 | 66.500 | 35,000 | 2.502 6.240 322 0585 
Hot water circulating apparatus with fixed 
eaters oa ie bes oe ...| 58,100 | 26.96 | 41.690 | 24,800 | 1.771 | 4.426 .227 0415 
Hot water heaters -| 26,276 | 12.19 18.720 | 16,400 | 1.171 | 2.918 | .150 0275 























The use of hot water heaters is strongly urged, 
and the arguments advanced in favour of this 
method apply equally to the use of this method on 
the railways of this country, so that the experiments 
made by M. Regray are of much interest, 

If we dismiss the valuable work we have been 
noticing with so short a review, it is because we 
intend to come back to it, and to record in con- 
siderable detail the valuable results obtained as well 
as to publish a selection of drawings from the atlas 
which accompanies the report. 








DIRECT-ACTING PUMPING ENGINES. 

ABOUT a year ago we —- this journal 
(vide pages 371 and 409 of our twentieth volume) a 
couple of articles on ‘‘ Steam Economy in Pumping 
Engines,” in the course of which we analysed the 
action of the Cornish engine and pointed out the 
difficulties which would be attendant upon the em- 
ployment in such engines of anything like large 





with such pumps and pit work as is generally to be 
found in mines, these pauses are a very great advan- 
tage. Atall events, nothing could possibly work more 
steadily and easily than the pumping arrangements 
at the East Hetton pit. 

The pair of b prey at the pit-head are of 
wrought iron and are an exceedingly neat job, form- 
ing a strong contrast to the heavy cast-iron quadrants 
usually employed in the district. From these 
quadrants are worked a couple of 24 in. bucket lifts, 
each pump lifting 300ft., and the stroke of the 
pumps being the same as that of the engine. Be- 
sides these mine pumps there is also a small pump 
raising water to the surface for condensing purposes 
and for the use of the boilers, &c. We may remark 
here that the water raised from the mine is highly 
cha with iron, and —s forms incrustations 
on the interior of pipes through which it is con- 
veyed. This necessitates the clearing of the pipes 
conveying the injection water at intervals of about 
three months, and the deficiency of injection water 


experienced during some of the trials may have been 
partly due to obstructions arising from this cause. 

The experiments were conducted on the system 
introduced by Mr. B, W. Farey and Mr. B. Donkin, 
Jun., and frequently, referred to in our pages, the 
water ye pe from the condenser being received 
in a box fitted with transverse partitions, under and 
over which the water flowed, it finally falling over a 
tumbling bay formed by a cekeneees notch 12 in. 
wide cut in a thin copper plate. e head of water 
over the edge of the notch was measured by a sensi- 
tive float having a pointer working against a scale, 
and before commencing the experiments the zero of 
the scale was carefully adjusted in the manner ex- 
plained by us on page 98 of our nineteenth volume, 
so as to insure accurate readings, The tempera- 
ture of the condensing water was, as a rule, taken 
at the point where it was di into the 
measuring box, but it was also from time to time 
taken at other points, namely, at the tumbling bay 
and immediately after its discharge from the air 
pump. The readings at the different points being 

ound to agree, the plan of taking the temperature 
atthe point of discharge into the measuring box 
was generally adopted as most convenient. The 
readings of the temperature of the condensing water 
and of the head of water over the tumbling bay 
were taken every ten minutes during each experi- 
ment, and the thermometer used for taking the 
temperatures of the discharge from the condenser 
was carefully compared with that employed for 
taking the temperature of the condensing water. 

To ascertain the power exerted, indicators were 
fixed at each end of each cylinder, and diagrams were 
taken as nearly as possible simultaneously, every 
ten minutes during each experiment. The pressure 
of steam in the engine-room was likewise recorded at 
ten minute intervals, as were also the readings of the 
counter worked by the engine. 

Of course in direct-acting engines in which the 
direction of motion of the pistons is reversed only by 
the action of the steam, the stroke is variable ; 
although the results of the experiments at East 
Hetton showed that when once adjusted the varia- 
tion during ordinary working in the case of an engine 
fitted with Mr. Davey’s valve gear is extremely small, 
Inasmuch, however, as it was nece to know the 
stroke in order to calculate the power actually 
exerted, the following plan wasadopted: The engine 
was adjusted to work at a stroke of 7 ft, 2} in., and 
when working steadily at that stroke an indicator 
diagram was taken from the front end of the high- 
pressure cylinder and the length of this diagram 
measured, ‘The length of diagram thus obtained, 
namely 4.4 in,, thus corresponded to an engine 
stroke of 7 ft. 24 in., and from it a scale was con- 
structed, which when applied to subsequent di 
taken from the same indicator, gave the length of 
stroke at which the engine was working when such 
diagrams were taken. In this way the mean length 
of stroke at which the engine worked during each ex- 

eriment was poset The fact of the guide 

ars being graduated at each end also enabled the 
length of stroke at which the engine was working to 
be directly observed from time to time during each 
experiment, and the results of these observations 
were found to agree with the lengths of stroke 
deduced from the indicator diagrams in the manner 
just explained. 

In the first trial the engine was worked with 
steam in both jackets, and was adjusted to run as 
nearly as possible at seven strokes per minute. The 
speed me very steady and the work of course 
constant, the quantity and temperature of water 
discharged from the condenser were also practically 
constant, and hence it was found that nothing was 
to be gained by extending the experiment above one 
hour, The first trial was, therefore, considered to 
terminate at the end of the hour, the engine not 
being stopped, however, but being allowed to work 
under different conditions as we shall explain pre- 
sently. The results of the first experiment are as 
follows : 





Mean stroke of engine... ¥ ed 7{t. 2hin. 
»» number of double strokes per 
minute jal - sae tee 6.95 
Mean piston speed in feet per minute 99.9 ft. 
»» pressure of steam in engine- 
room .., ie Fe asd été 63.6 Ib. 
Mean vacuum in condenser ... .... 12 ,, 
Mean Effective Presswres in Oylinders : 
Front of high-pressure cylinder ... 45.73 ,, 
B 9? ” ” ore 51.18 2” 
Front of low-pressure __,, too 8.58 ,, 
Back ” ” ” 9.84 ” 
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COMPOUND DIRECT-ACTING PUMPING ENGINE WITH DIFFERENTIAL VALVE GEAR. 


DESIGNED BY MR. HENRY DAVEY, ENGINEER, LEEDS. 





Fig. 4: 


YY 





Indicated Horse Power developed :* : | 





In high-pressure cylinder _.., «» 131.04 HP. ; 
» low - ~ eco wo Ve wa | 
Total 220.038 ,, | Fig. 5 
Condensing Water': & 

Quantity of water discharged per t 
minute over tumbling bay... ... 2017.6 Ib. | 

Mean temperatureof ditto ... ... 103.4 deg. | 
” ” ” injection wate: 55 ” 1 

Rise of temperature of water in the . ; 
condenser ~ = ese ese 48.4 ,, | | 
und degrees of heat discharged from + 
the condenser per minute...  ... 97,652 units | | 

Pound degrees of heat discharged j , 
from the condenser per horse power 443.9 - | 

Quantity of water diochanged from i 
the steam jacket during the experi- 





ment ... sad si on wv O&O 
Quantity of water discharged from | 
the steam jacket, per horse power 


per hour 0,22 — a one 
Deductions : 
Calculated consumption of steam per 
indicated horse power per hour ... 26.6 ,, 


Equivalent duty per 112 Ib. of coal, 

assuming eac und of coal to 
evaporate 9 lb. of water ... «» 75,000,000 } 
Equivalent duty per 112 Ib. of coal, as- y 

suming each pound of coal to eva- 
rate 10 lb. of water oon .. _ 83,300,000 

In the above summary we have said nothing of 
the effective work performed in the pumps, but of 
this we shall speak presently when we have described 
other experiments, Of the resulis above recorded 
the only one open to question is the quantity of 
steam condensed in the steam jacket, which appears 
much too small, supposing the jacket to be acting 
properly. In consequence of the small discharge 
rom the jackets the arrangements for draining 
them were examined at the end of the first trial, and 
it was found to be doubtful whether the drainage ; 
hadduring this trial been complete. Owing, however, | | 


























ee ee ee 


to a leakage which was found to exist between the 
low-pressure jacket and the cylinder, together with 
the position in which the steam supply pipe was fe 


* In calculating these horse powers allowance has been 
made for the effeck of the piston rods, ken 60 7 aa ae, ae 2 Free 
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caused to enter the jackets—an arrangement ne- 
cessitated by ial circumstances—there can be 
no doubt that the jackets of the East Hetton engine 
were not affording the benetits which they would 
have rendered under more favourable conditions. 
We may add that the quantity of steam used in the 
steam jackets was ascertained by discharging the 
water of condensation into a small wooden peering 
tank, which was gauged at the beginning and en 
of each trial, allowance being made for the loss by 
evaporation. 

homey Messrs. Farey and Donkin’s system 
of testing, the number of pounds-degrees of heat dis- 
charged in the condensing water per horse power per 
minute constitutes a ‘‘ constant” from which the 
performance of the engine can be judged, the lower 
this “constant” the better, of course, being the 

ormance, Thus the “constant” in the experi- 

ment just described is 443.9. We have on former 
occasions haa gorges how the steam consumption can, 
when desired, be calculated from this constant with 
a very close degree of accuracy; but even at the 
risk of some repetition it may be desirable that we 
should give here, as an example of this mode of 
ascertaining the steam consumption, the calculations 
relating to the first experiment on the East Hetton 
engine. 

fo the case of an engine worked under such con- 
ditions as that at East Hetton, the steam used may 
be considered to be made up of three portions, 
namely (1), that condensed due to supply the heat 
which is converted into work ; (2) that carried over 
into the condenser and condensed by contact with the 
condensing water ; and (3) that condensed by the 
losses of heat due to radiation, conduction, &c. For 
each horse power exerted in the cylinder there is 


converted into work = 2565 units of 


i 
heat per hour, and the first portion of the steam 
above mentioned is that which has to be condensed 
to supply this heat. Strictly speaking it is only the 
heat corresponding to the work performed durin 
the expansion of the steam which has to be enapiied 
by the condensation of steam in the cylinder, that 
corresponding to the work performed by the steam 
prior to expansion being supplied from the boiler. 
Thus with the rate of expansion at which the East 
Hetton engine was worked, if the steam had been 
maintained in the cylinder at full boiler pressure up 
to the point of cut-off about one-third of the total 
heat required for conversion into work would have 
been supplied from the boiler, and the remaining 
two-thirds by condensation in the cylinder. Con- 
sidering, however, that owing to wiredrawing, &c., 
expansion begins before the point of cut-off, itis per- 
haps best in calculating steam consumption from 
such data as we are now using, to assume that 
about nine-tenths the heat required for conversion 
into work is supplied by condensation in the cylinder, 
and we have accordingly followed this course. 
Returning then to the experiments under considera- 
tion, it was found that during this trial the steam 
had an initial pressure of 78 lb, per square inch 
absolute, while its absolute pressure at the end of 
the stroke in the low-pressure cylinder was 
on the average 10 lb,, the temperature of which 
is 193.3 deg. Fabr. The total heat of the steam 
at the initial pressure of 78 lb, absolute is 
1208.6 deg., and if we consider that in the perfor- 
mance of work this steam is condensed into water 
at the temperature due to the final pressure of 10 lb. 
absolute, it will be seen that each pound of steamso 
condensed will give up 1208.6—193.83= 1015.3 
units of heat. To supply the heat corresponding 
to the development of 1 horse power, we have, 

2565x9 _ 
1015.3x10 
9.27 lb., or, say, 2.3 lb. of steam condensed in the 
cylinder per hour per horse power. 

Next as to the quantity of steam condensed in 
the condenser. In the experiment under notice the 
total discharge from the condenser amounted, as we 
have stated, to 2017.6lb. per minute, and as the 
total horse power exerted was 220.03 horse power, 


— 2017.6 x 60 
—<——— = 650.8 Ib. 
this discharge amounted to 390.08 550.3 1 


per horse power per hour. Now this amount is 
made up of four different quantities as follows: 
First, the steam condensed by the conversion of heat 
into work, the water thus formed of course finding 
its way into the condenser; second, the injection 
water used in cooling this water just mentioned 
from the temperature at which it was used to that 


therefore, on the above assumption, 





at which it leaves the condenser; third, the weight 
of steam discharged into the condenser ; and fourth 
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the condensing water used in condensing that steam. 
The first-named quantity has already been calcu- 
lated as 2.3 Ib. horse power, this water being 
supposed to be discharged into the condenser at a 
temperature of 193.3 deg. But the discharge from 
the condenser took place at a temperature of 103.4 
deg., so that each pound of this water had to be 
deprived of 193.3—103.4=89.9 units of heat, and 
as the rise of temperature of the injection water was 
48.4 deg. there was used in cooling the 2.3 Ib. of 


water above mentioned axe = 4,27 lb. of in- 


jection. water. We have thus 2.3+4.27=6.57 lb. 
out of the hourly discharge of the condenser per 
horse power accounted for, and there remains 
550.3— 6.57=543.73 to be dealt with. This 543,731b. 
consists partly of the steam discharged into the 
condenser and partly of the injection water used in 
condensing that steam. But the total heat of the 
steam used being 1208.6 deg., and the discharge 
from the condenser taking place at 103.40, while 
the rise of temperature of the injection water is 
48.4deg., it follows that out of the 543.73 lb, the 
weight of steam condensed is : 

543.73 48.4 _ 26316.5 _ os 9 pp, 

1208.6—103.4 11052  — 

We have thus 2.3+23.8=26.1 Ib. of steam as the 

uantity used per horse power per hour by the East 
Hetton engine during the experiment we have been 
describing, this being exclusive of that due to the 
losses caused by radiation, &c. These losses may 
be approximately taken as equivalent to the con- 
densation of 0.5 lb. of steam per horse power per 
hour, thus bringing up the total consumption to 
26.6 lb. per horse power per hour, as stated in the 
already given table of results. It will be noticed 
that in the foregoing calculations no special re- 
ference has been made to the steam condensed in the 
steam jackets, and this is indeed unnecessary, as 
whatever steam is so condensed is included in the 
amounts required to make up the losses due to ex- 
ternal radiation, &c., and the conversion of heat 
into work, 

At the conclusion of the first experiment, the steam 
was shut off from the jackets, and the engine allowed 
to run for three-quarters of an hour, so that the 
jackets might cool down to their normal condition 
when working without steam in them, and at the 
end of that period a second trial was commenced. In 
this second trial the speed was kept as nearly as 
possible the same as in the first experiment, the 
steam pressure being also the same, and the general 
conditions being in fact similar, except that the 
jackets were out of use. In this second trial the 
results obtained were practically identical with those 
obtained during the first experiment, the horse power 
developed being 211.86 horse power, the mean speed 
6.72 double strokes per minute, and the “ constant’’ 
or number of pound-degrees of heat discharged from 
the condenser per horse power per minute 447.2. 





Condensing Water : 
Quantity of water discharged per 


minute over tumbling bay* 1877 lb. 
Mean temperature of water dis 

charged per minute over tum- 

bling bay * pin Sie pb 103.5 deg. 
Mean temperature of injection water 55 jr 
Rise of temperature of the water in 

condenser... wee vie os 48.5 ,, 
Pound degrees of heat discharged é 

from the condenser per minute 91,034 units 


Pound degrees of heat discharged 
from the condenser’per horse power 357.7 __,, 
Calculated consumption of steam per 
horse power per — eve eve 22.0 Ib. 
Equivalent duty per 112 Ib. of coal, 
assuming each pound of coal to 
evaporate 9 lb.of water... ... 90,720,000 
Equivalent duty per 112Ib. of coal 
assuming each pound of coal to eva- 
porate 10 lb. of water .» 100,800,000 


An examination of the above results will at once 
show a great increase of economy as compared with 
that attained during the previous trials, and this 
fact, coupled with the short duration of the experi- 
ment, may incline some of our readers to at first 
regard this set of figures with suspicion. We may, 
therefore, say at once that the fact of this increased 
economy was discovered by the observations im- 
mediately after the trial commenced, and that hence 
special observations were made with a view of 
avoiding error. The explanation of the increased 
economy, as compared with the previous trials, we 
believe to be, first, the greater amount of work got 
out of the engine in a given time; and, secondly, 
the reduction of the period of the pauses, and hence 
the reduction also of the cooling of the internal sur- 
faces of the cylinder which can take place during 
those pauses, 

It was to be regretted that the fact of the pumps 
overrunning the supply of water in the mine pre- 
vented longer experiments at the greater number of 
strokes per minute ; but as such experiments could 
not be carried out, it was endeavoured to obtain the 
desired information in another way, namely, by re- 
ducing the speed and increasing the period of the 
pauses. The results obtained tended to corroborate 
the explanation we have advanced, the lengthened 
pauses increasing the steam consumption. Although, 
however, this was the case with the East Hetton en- 
gine, we do not think that it need be regarded asa ne- 
cessary result in all cases. We believe, in fact that, 
with the ends as well as the barrels of the cylinders 
thoroughly steam-jacketted, the loss during pauses 
would be insignificant ; but we certainly think that 
in the case of engines working with long pauses 
efficient steam jackets are more than ever essential, 

We have already stated that the East Hetton 
engine works two lift pumps with buckets 24in. in 
diameter, having the same stroke as the engine, 
and we may now proceed to estimate as closely as 
the circumstances will permit the effective work 
done by the engine in the trials we have been 





It is evident from the results of this experiment that | 
the leakage, &c., to which we have already referred | 
practically nullified the benefits which would other- | 
wise have resulted from the use of the steam jackets | 
during the first trial. 

The third experiment was a very interesting one, | 
and was made to ascertain the effect of working the | 
engine more rapidly, the greater speed being! 
attained almost entirely by reducing the period of | 
the pauses, and not by any material increase in the 
rate of movement of the pistons when actuall 
making a stroke. The steam jackets were not me | 
It was intended that this, like the previous trials, | 
should last one hour, but at the end of half an hour 
it was found necessary to reduce the speed, the 
pee so gaining on the water in the mine that the | 


igh speed could not be continued without running 
the risk of the pumps working “ on air.” The results | 
of the trial are as follows : 
Mean stroke of engine... - ons 7 ft. 24 in. 
»» number of double strokes per 
minute ™ a a ie 
Mean piston speed in feet per minute 115 ft. 
»» pressure of steam in engine- 
room ... si 06 - oe = 2b. 
Mean vacuum in condenser ... - 11} lb. 
Mean Effective Pressures in Cylinders : 
Front of high-pressure cylinder 44.79 Ib. 
” ” ” 48.52 ,, 
» _ low-pressure Pe 9.03 ,, 
Back of = je 10.37 ,, 
Indicated Horse Power developed : 
In high-pressure cylinder 146.42 HP. 
»» low-pressure a 108.05 ,, 
Total 254.47 ,, 





describing. Of course the most satisfactory way to 
determine the effective work done by a pumping 
engine is to gauge the water actually discharged 
from the pumps, but at East Hetton it would have 
been difficult to carry out this plan satisfactorily, 
and fortunately the nature of the engine enables us 
to estimate this discharge very closely in another 
way. In a direct-acting engine fitted with Mr. Davey’s 
valve gear, and making a start from a dead pause at 
the end of each stroke, the point at which the 
pistons ‘‘ meet their load” is very distinctly marked 
on the indicator diagrams taken from the high- 
pressure cylinder. An examination of these dia- 
grams, in the case of the experiments of which we 
have been speaking, shows thatthe a apparently 
filled within about 3 per cent. of their ull capacity, 
and it is probable that we might well consider the 
pumps to be delivering 97 t= cent. of the quantity 
due to their stroke, But besides the mine pumps, 
the engine works a small pump employed to raise a 
portion of the mine water from the level of the 
delivery of the main pumps to the surface, and this 
pump absorbs about 10 horse power, or between 
5 and 6 per cent. of the work represented by the 
delivery of the main pumps. Under these circum- 
stances, if we, to simplify matters, disregard this 
smaller pump (giving the engine no credit for the 
work done by it) and consider the main pumps to 
deliver for their full stroke, we shall, we think, have 
made full allowance for any losses due to the non- 





* The smaller discharge from the condenser during this 
trial (notwithstanding the increased speed) is accounted for 
by the fact of the injection valve not being fully opened the 
whole of the time, 


filling of the main pump barrels, and shall not, we 
consider, have in any way favoured the engine. 

Calculating on these principles we find that dur- 
ing the first trial the power due to the work per- 
formed by the pumps was 172 horse power, or 78.4 

r cent, of the indicated power in the steam cy- 
inders, the duty, calculated from the effective work 
done, being 58,800,000 per 112 Ib. of coal, assuming 
each pound of coal to evaporate 9 lb. of water, or 
65,333,000 if the evaporative efficiency of a pound 
of coal be taken as 10 lb. of water. In the third 
trial, the work done by the pumps, ascertained the 
same way, is 198.6 horse power or 78.05 per cent. of 
the indicated power, the duty calculated from the 
water lifted being for 112 lb. of coal 72,368,000 or 
80,409,000, according to whether the evaporative 
power of 1 lb. of coal is takenat 9 lb. or 10 Ib. of water, 

It will have been noticed in the records of our 
experiments on the East Hetton engine that the 
vacuum obtained in the condenser was inferior, it 
being during the first experiment 12 lb. only, and 
during the third experiment but 113 lb. This defect 
was, however, due to causes affecting this particular 
engine only, and is by no means a fault necessarily 
attendant upon the employment of direct-acting 
engines. In fact, Mr. Davey has many such engines 
working with excellent vacuum. Of course this de- 
fective vacuum militated against the performance of 
the East Hetton engine, as did also—to probably a 
more important extent—the leakage from the jacket 
of the low-pressure cylinder, which prevented the 
steam jackets from being used with advantage. 

Even under the disadvantageous circumstances 
to which we have just directed attention, however, 
the performances of the East Hetton engine amply 
justified the opinions we expressed a year ago as to 
the relative economy of Cornish and direct-acting 
compound pumping engines. We have now before 
us Lean’s Engine Reporter for September last, and 
we find that in the case of the 21 engines there re- 
ported the average duty per 112 lb. of coal is but 48.6 
millions, while the average waterload isequivalent to 
but 15.5 lb. per square inch of piston area, whereas in 
the case of the Kast Hetton engine it is equal to 
nearly 20 lb., the load being, of course, in this case 
considered as all referred to the low-pressure 
piston. The highest duty recorded in Lean’s Engine 
Reporter for September is 67.7 millions, this duty 
being given by an engine with a 70in. cylinder, 
at Wheal Unity Wood. This engine, however, is 
working with a water load equivalent to 14.7 Ib. 
per square inch of piston only, and is developing but 
49 effective horse power only. The only engine 
mentioned in the Reporter which appears to be 
working up to its maximum speed is an engine with 
a 76in. cylinder at Mellanear, this making 11.5 
strokes per minute (the average stroke being 
10.33 ft.) and developing 160 effective horse power. 
The water load is in this case, however, but 13 lb. 
per square inch of piston area, and the duty is but 
49.3 millions. 

These data as to the present practice with Cornish 
engines will, as we have said, when compared with 
the results of the East Hetton trials, fully corro- 
borate the opinions we have expressed as to the 
superior economy to be obtained by the adoption 
of compound pumping engines working direct, 
while, as we pointed out in our former articles, the 
advantages of the latter system are relatively still 
greater if the water has to be raised by bucket 
lifts only, the efficiency of the Cornish engine under 
such circumstances being materially reduced. While 
speaking of this subject, it may be of interest to 
mention the saving which has been effected at East 
Hetton by the adoption of the direct-acting com- 
pound engine. At that colliery, the pumping now 

erformed by Mr. Davey’s differential engine was 
ormerly done by a non-condensing beam engine, 
which was subsequently altered to a cogdensing 
engine, and we learn from Mr. Wood, the engineer 
of the colliery, that the saving in coals effected by 
the compound engine, as compared with the old 
non-condensing engine, is no less than 370 tons of 
coal per fortnight, while even as compared with the 
old engine when working condensing, it is 150 tons 
per fortnight, or 3900 tons per annum! Of course 
in this case the old engine was using an extravagant 
amount of fuel, but not more than scores of other 
pumping engines at present in use in colliery dis- 
tricts, and this example only shows the enormous 
saving both in coal consumption and in boiler 
power, which may in a large number of cases be 
effected by the employment of improved pumping 





machinery, The saving in the cost of establishment 
obtainable by the adoption of direct-acting engines 
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is also a very important matter. Thus the Mellanear 
engine, which we have mentioned as developin 
160 effective horse power, will, judging from gene 
Cornish practice, weigh about 76 tons, while the 
East Hetton engine weighs but 55 tons, and develops 
easily 198.6 effective horse power. The foundations, 
too, of the Cornish engine are very costly, while 
those of the direct-acting engine may be very simple, 
At East Hetton both the engine and q ts are 
fixed on one block of cement concrete, and the 
foundation thus made is all that could be desired. 
In the case of the East Hetton engine the cylinders 
are, as we have stated, placed horizontally, the 
quadrants being worked through a spear ; but it may 
be of interest here to describe a t of vertical 
compound direct-acting engine which Mr, Davey has 
designed, the engine in this case being placed over 
the quadrants. Of such an engine we give this 
week a two-page engraving, together with detail 
views on pages 422 and 423, the poteeme engine 
shown being one designed by Mr. Davey for Mr. J. 
Thompson, of Nevada, for a silver mine in that 
district, where a total depth of 4000 ft. is expected 
to be ultimately reached. The engine has thus been 
designed to lift 500 gallons per minute 4000 ft. high, 
it being intended to work at five double strokes per 


minute, and to work ten pumps with 400 ft. lift | Manilla 


each, nine of the pumps having plungers, and the 
tenth being a bucket lift. The spears will be 
balanced in the pit. 

As will be seen from our engravings, the two 
cylinders—which are respectively 56} in. and 113 in. 
in diameter, and of a length sufficient for 10 ft. 
stroke—are placed vertically side by side, their 
piston rods passing down through the bottom 
covers, and being directly connected by links to a 
pair of quadrants. The vertical arms of these 
quadrants are connected by a pair of spears, so that 
the pistons balance each other and make strokes in 
opposite directions. Owing to its being desirable 
to reduce the first cost of this particular engine as 
much as possible the cylinders are not steam- 
jacketted, but in his regular practice Mr. Davey 
provides jackets to both cylinders. 

The arrangement of the valves in the engine we 
are describing is very neat, and will be at once 
understood on reference to Figs. 3, 4, 5, and 7 on 
pages 422 and 423. From Fig. 5 it will be seen 
that three double-beat valves are provided at each 
end of the cylinders, these valves being placed in a 
row as shown. In each set the smallest valve (that 
to the right-hand in our engraving) is the admission 
valve for the high-pressure cylinder, while next 
comes the valve through which the steam passes 
from the high to the low-pressure cylinder, and 
finally (to the left) the exhaust valve through 
which the steam is discharged into the condenser. 
The arrangement of the valves is, as will be seen, 
very simple, and the passages are all short and 
direct. The valves are actuated by Mr. Davey’s dif- 
ferential valve gear, the arrangement being similar 
to that which has been already very successfully 
applied to Cornish engines in place of the ordinary 
Cornish gear. This arrangement was fully described 
on page 169 of our nineteenth volume, and as we 
have on other occasions explained the leading 
features of Mr, Davey’s valve gear, it will be un- 
necessary that we should describe it in detail here, 
The engine, we may add, is to have a separate con- 
denser with air pump worked by an auxiliary engine, 
an arrangement which has much to commend it, 

The cylinders in the engine under notice are 
bolted through the masonry to the girders carrying 
the rocking shafts and quadrants, thus making the 
structure self-contained, and reducing the strains on 
the masonry as much as possible, The engine-house 
having merely to serve to protect the engine from 
the weather, can be made a very cheap structure, 
and altogether the arrangement is one which is, we 
think, likely to meet with much favour, particularly 
for engines of large power. To the dimensions 
already given we may add the following: 


ft. in. 

Diameter of piston rods 0 10 
Depth of pistons... 4. ae 110 
Diameter of steam valves (Cornish) 0 8 
” intermediate ditto... 1 3 

” exhaust ditto ... ese 1 63 

% rocking shaft necks ... 110 
Length ‘i 1 SORE ee i 
Diameter of main pins ove a ove 1 0 


The quadrants are, as will be seen from our en- 
gravings, of ‘wrought iron filled in with wood, that 
construction being in fact similar to that of the 
quadrants of the East Hetton engine already re- 
ferred to, 





THE JAPAN LIGHTS. 

Tue first ordinary ing of the Institution of Civil 
Engineers of the session, 1876-77, was held on Tuesday 
evening last, the 14th inst., Mr. George Robert Stephenson, 
the President, in the chair. 

_At the commencement of the proccedings, the President 

attention to a series of 123 specimens of the 

mineral products of Japan, the gift of the Government of 

that empire to the Institution, for which valuable present 
a cordial vote of thanks was y 

The paper read was on ‘‘ The Japan Lights,’’ by Mr. 
R. H. Brunton, M. Inst. C.E. The author stated that a 
clause in the treaties, between oy powers and vou 
stipulated that the — open to foreign trade should be 
provided with ‘‘ such lights as may be necessary to render 
secure the navigation to the said ports.” The Japanese 
Government consented to the erection of eleven lighthouses 
for this Fk ame and requested the co-operation of the 
English vernment in their establishment. The matter, 
having been placed under the authority of the Board of 
Trade, was referred to Messrs. D. and T. Stephenson, 
M.M. Inst. C.E., the engineers to the Commissioners of 
Northern Lights. The author was then appointed chief 


engineer, and proceeded to Japan in 1868. For the lights 
authorised, five sites were generally concu in as bei 
suitable, but there was considerable ment regard- 


us positions for the other six. A 
commission, com of the senior naval officers in Japan 
of England, , and America, was therefore formed, 
and their recommendations were carried out. The author 
made his first visit of inspection round the coast in H.M.S. 
i He visited the sites of the lighthouses decided 
on, and made suggestions for the illumination of the Inland 
Sea. This sea was 250 miles long, and at some places 50 
miles wide, and was filled with several thousand small 
islands. He concluded that, while the work of completely 
lighting this sea would be one of magnitude, and of doubtful 
utility, a few lights —_ be so placed that, with their 
assistance, a considerable portion of the sea would become 
navigable atnight, and vessels would be guided to anchorages 
where they might wait for cogent. With these objects 
eight lighthouses were proposed, and finally authorised. 
The Government soon after issued a proclamation, 
abolishing the old system of wood fires, and calling on the 
local authorities to name places where lights were required. 
In response to this appeal eleven lighthouses been 
erected. From a desire to perfect the illumination of the 
coast, the Government also decided to bg lights on those 
points most prominently in need of illumination. The 
author drew out a complete scheme for the lighting of the 
entire coast. Those sites which were conside most im- 
rtant were first dealt with, and seven lighthouses had 
oe erected. In all, thirty-six lights had been established 
by the author on the coast of Japan, viz., ten first-order, 
four second-order, four third-order, seven fourth-order, 
three fifth-order, one sixth-order, five staff lights, and two 
lightships ; in addition to which there were thirteen buoys 
and three beacons. 
The liability of the country to earthquakes was an im- 
ortant point for consideration in the construction of the 
i atbouses. Messrs. D. and T. Stevenson, who designed 
the apparatus, devised what had been named an aseismatic 
joint, by means of which a break was made in the continuity 
of a structure, and the propagation of a shock from the 
foundation upwards was prevented. This was accomplished 
by the introduction of working in cups placed between 
the platforms, the lower platform being fixed to the foun- 
dation, and on the upper platform the superstructure was 
erected. This arrangement was sanctioned by the Board 
of Trade for the apparatus of the first lights ordered ; but, 
in the author’s opinion, it was defective, in so far that the 
free motion of fhe upper, over the lower, part of a struc- 
ture would, on the occasion of disturbances, such as a gale 
of wind, give rise to a distressing, and in some cases pro- 
bably a destructive, motion in the superstructure. There 
being two movements in all earthquakes, one tending to 
overthrow, and the other to restore equilibrium, if a 
building could be constructed with a sufficient power of 
resilience, its destruction could not occur, unless the oscilla- 
tion went beyond its limit of equilibrium. The houses in 
Japan had been evidently built with this principle in view. 
They had a light wooden framework and a heavy roof, and 
they were so made as to be capable of being moved off the 
vertical to a considerable extent without fracture. But, 
it being impracticable to follow this method of construction 
in the lighthouses, the author had adopted the only other 
alternative, viz., giving them + weight and solidity, 
and so adding to their inertia and checking their oscillation. 
The general form and dimensions of the lighthouses 
were similar to those in this coun The stone used was 
principally granite. Eight lighthouses had been built of 
the best procurable qualities of bricks. The natives had 
never adopted lime mortar in their building operations, 
but an excellent quality of limestone existed in the country. 
There were eleven wooden lighthouses and four of iron ; 
the material for the latter beg imported from England. 
Mikomoto, or Rock Island Lighthouse, was the one in the 
construction of which the greatest difficulties had been ex- 
perienced. It had been built on a rock, six miles from the 
shore, exposed to heavy gales ; and although this rock was 
100 ft. high, the waves at times went right over it. Yeboshi- 
shima Lighthouse had been built on a conical rock, ten miles 
from the mainland. It was 120 ft. high, and owing to the 
rugged nature of the rock some difficulty was experienced. 
Satanomisaki (Chichakoff) Lighthouse was built on a rock, 
300 yards from the shore, and, on account of the constant 
turbulence in the sea at this point, communication was for 
some time conducted by means of cages travelling over a 
wire rope suspended between the rock and the mainland. 
The apparatus for the light first ordered consisted of 
Stevenson’s holophotalised reflectors, twenty-eight being 
ouped on a frame, in order to exhibit a first-order light. 
ut the heat impaired the ventilation of the lanterns to so 


ing the most advan’ 
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great an extent, that dioptric apparatus, with “~- flames 
in their foci, had been quesusel’ tat the later lights. The 
apparatus was made from the desi 


of Messrs. Stevenson 
by Messrs. Chance Brothers, of , and Messrs. 
Sautter, Lemonier, and Co., and Messrs. Barbier and 
ee mals ve 
wing i ties in procuring reliable v ble oil, 

i oil was adopted as soon as possible. Although 
petroleum existed in large quantities in Japan, its pro- 
perties were not well known, and paraffin oil was therefore 
Pp from Scotland. Captain Doty’s burner had been 
selected, and the experience of its working fully bore out the 
inventor’s statements regarding its merits. 

The lighthouse establishment was situated at Yokohama, 
and contained offices, workshops, and machinery, by means 
of which the wooden and iron lighthouses, the lightshi 





and the buoys had been constructed and fitted up. C) 
ber of Europ e by the department had been 
twenty-five, fifteen of whom were lightkeepers. One 


hundred Japanese lightkeepers were now undergoing a 
process of training, but only a few of them show p~ 94 
= The working of the department was directed 
y ae commissioner, anda staff of fifty-three as- 
sis ’ 


The Japanese officials having kept entire control of the 
expenditure, the author had no personal knowl of it, 
but he had been informed that about 450,000/. had been ex- 
pended up to the end of 1875. 

The civil war having just terminated on the author’s 
arrival in Japan, great difficulty had been experienced at 
the commencement of the work in getting attention paid to 
it. There was further an absence of trained workmen, and 
a comparative ignorance of the character of the material to 
be employed. Notwithstanding, the lighthouses had been 
well finished, and there had been, so far, no signs of failure 
in any of them. Mariners frequenting the coasts spoke 
highly of the lights; and credit was due to the Japanese 
— for its liberality in the prosecution of the 
work. 





SALT-WATER SANITATION, 

MAny years a scheme was suggested of ing sea- 
water from Brighton for the purpose of siing the inhabi- 
tants of London a chance of having a real ‘‘ salt-water’ 
bath, but from various causes the idea was abandoned. It 
is needless to state the benefits that may arise from the use of 
such baths, which would place the chance of getting all the 
advantages of a trip to the seaside within the reach of all 
classes at a os expense. The authorities of Tynemouth 
and North Shields have, however, attempted to solve the 
difficulty, urged, in the first instance, by the want of suffi- 
cient water supply for domestic p In 1870-71 the 
matter assumed a lpn shape, and in 1871 tenders were 
advertised for, and signed in the following February. The 
pe arty | works included cunetan weaeie ble of 
supplying 100,000 gallons per day from the sea. e time 
chosen for pumping is from flood to half ebb, such 
being the best periods calculated to supply sea-water free 
from fresh water and sewage contamination. Up to the 
end of 1874 the total cost had been 25007. An extension 
was then made up to August, 1876, and the total cost 
amounted to 45001. 

Since then a further extension of the system has been 
sanctioned, and a new reservoir was commenced near the 
old one, which is to hold a reserve supply of 250,000 gallons. 
The latter will cost 20001., and the mains 5001., 
altogether an expenditure of 70001. The interest upon this 
capital is returned by the private customers of the corpora- 
tion, and by the saving effected through the latter not 
having to —— any boner bg — oe qe flushi 
purposes. cost of wor! e m, inclu 
charges except those of distributing the water, my 

ear 2601. There is at present about four miles of mains. 
The pipes are protected by a bath in Dr. Smith’s preserv- 
ing solution, and those laid down in 1872 are apparently in 
as good @ condition as when first employed. In aaning 
the details of his scheme, Mr. Spencer, the Neoeae 
surveyor, has made one pipe act both for supply and 
delivery, and by so doing a very large saving has been 
effected. Last year he endeavoured to introduce at North 
Shields the use of flexible-tube nozzle-distributors, as used 
in Paris street-watering. These, travelling from hydrant 
to hydrant on small wheeled platforms, dispense with the 
use of water carts, but they were not, from a variety of 
reasons, found speci successful. Whatever may be the 
means ge | in laying the water on the streets, the 
superiority of sea over fresh has been found at North 
Shields to be incontrovertible. Not only does the former 
abolish dust, keep the road cool and damp a much longer 
time than any other agent can, but it a to form a 

reserving crust over them. Proof of this is found at 
woot. where, although carriage traffic has increased 
there is a sensible diminution of the wear of the wagon and 
roadways. An artificial solution containing sea-water salt, 
such as the chlorides of calcium, magnesium, &c., has been 
tried with a considerable amount of success in the West- 
end of London during the last three years. 





AMERICAN PaTENnTs.—The total receipts of the United 
States Patent Office in the year ending September 30, 1876, 
were 787,697 dols. The total expenditure of the office 
in the same period = eo - In =e latter — 
salaries figured for 437, ols., contingent expenses for 
54,351 ie. and photo-lithographing back issues for 
66,025 dols. There were 22,408 applications for patents 
received during the year, and 15,911 patents were issued in 
the course of the twelve months ; 3613 patents were allowed 
but not issued, the final fees not having been paid. There 
were also 1037 trade marks and 499 labels registered duri 
the year, and 2943 caveats were filed in the same Saslel: 
Only two patents were extended during the year. , 
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SEWAGE DRYING APPARATUS. 
CONSTRUCTED BY THE MILBURN ENGINEERING COMPANY, NEW CROSS. 
(For Description, see next Page.) 
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MILBURN’S DRYING APPARATUS. 

In noticing the machine for drying night soil, sewage 
deposit, &c., exhibited by Milburn’s Engineering Com- 
pany, of the Hatcham Iron Works, New Cross, at the 
late Royal Agricultural Show at Birmingham, we re- 
served our detailed description until engravings should be 
prepared. Illustrations of the apparatus will be found 
on the preceding e; Fig. 1 is a sectional elevation of 
the apparatus, and Fig. 2 a side elevation showing the 
rack and pinions which drive the stirrera. Fig. 3 is a 
plan of the machine, Fig. 4 an end elevation, and Fig. 5 
a transverse section taken on the line AA, Fig. 3. It 
will be perceived that the apparatus retains somewhat of 
its original appearance, but the details have been con- 
siderably altered. 

The machine consists of a floor or bed formed of cast- 
iron plates on to which the wet manure is fed. Beneath 
this floor, at the feeding end, is the furnace which is 
covered in with a fire brick arch terminating in a double 
bridge. In the bridge are openings through which the 
heated products of combustion pass away under the iron 
drying-floor. The brickwork furnace-crown prevents 
the floor being overheated at that point which would 
cause damage to the manure. The heated air from the 
furnace after passing under the floor returns over it 
through the drying chamber which forms a flue, the hot 
air carrying with it the vapours arising from the drying 
process, which pass away together through a chimney 
over the feeding end of the machine. A cast-iron frame 
is placed over the drying bed and extends nearly the 
whole length of the floor. This frame is movable, and 
it carries a series of transverse bars which form scrapers, 
the edges of which rest upon the floor. The frame also 
carries a series of slowly revolving agitators or rakes, 
which are placed intermediately between the scrapers, 
and which move to and fro with the frame. The duty 
of these agitators is to stir and break the manure up at 
the wet end and along the bed until it is dry, when their 
action causes the manure to become pulverised until at 
the exit end it is in a finely powdered condition. On the 
top of the frame are brackets arranged soas to form vertical 
slots in which crank-pins work, the cranks being at- 
tached to gearing at each side of the machine, and the 
whole being so arranged as to revolve together, as shown 
in the engraving. The vertical slots are equal to the 
full length of the stroke of the crank, so that at each 
stroke the frame is moved slowly to and fro. The trans- 
verse scrapers sweep the entire surface of the bed, and 
by keeping the manure in constant motion prevent its 
caking on the iron plates. 

On the top of each of the slots, or crank-pin guides, is 
mounted a movable stop-block, which is adjustable by 
means ofa screw and by which the length of the slot is 
increased or reduced as required. According; as the 
slot is longer or shorter, so is the frame lifted to a 
greater or less height at its backward stroke when the 
scrapers and stirrers pass over a portion of the manure. 
At the return stroke each scraper passes on a portion to 
the next scraper, and thus the manure gradually travels 
the whole length of the plates until, from a wet coherent 
mass at the feeding end, it becomes a dry powder at the 
delivery end of the apparatus where it makes its exit. 
The drying floor is covered in with iron plates which are 
carried on the top of the frame, thas enclosing the 
manure whilst being dried and forming the return flue 
already alluded to. If it should be found desirable to 
destroy the noxious gases, that is effected by means of a 
special furnace through which they are forced and in 
which they are entirely decomposed. 

We have upon a previous occasion referred to the 
merits of this apparatus, s6 that we need not now do more 
than observe that it involves very little labour, for beyond 
the feeding the process is carried on automatically to the 
delivery. It also solves the difficult question of drying 
sludge in a satisfactory and economical manner. These 
machines have been adopted in England, on the Con- 
tinent, and in India for drying sewage with, as far as we 
are aware, complete success. Tney have also been 
adopted for other purposes with equal satisfaction. 





THE PORT ADELAIDE SWING BRIDGE. 

A swine bridge of considerable size is at present in 
course of manufacture at the works of Messrs. Westwood, 
Baillie, and Company, London Yard, Isle of Dogs, from 
the designs of Mr. W. Dempsey, C.E. This bridge is in- 
tended to span the creek at Port Adelaide, connecting Port 
Adelaide with Semaphore. It is to carry a single line of 
railway as well as passenger and vehicular traffic. The 
total length of the bridge between the abutments is 
337 ft. 6 in., and it consists of four fixed spans of 41 ft. 
each, two spans being at either end and a swing bridge in 
the centre. The total length of the swing bridge is 
162 ft. 6 in., and it turns on a central pier 43 ft. in dia- 
meter, and affording two opening spans of 55 ft. each. 
The clear width available for rail and roadways is 36 ft. 
throughout, with two overhanging footways each 6 ft. 
clear in width. The geological formation of the ground 
is such that a bed of very hard water-tight clay is met 
with at a vory short distance below the bed of the creek, 
so that no special difficulties are anticipated in sinking 
the cylinders or in securing a rigid foundation for the 


posed of a group of nine cylinders of cast iron, each 7 ft. 
in diameter. The eight outer cylinders diminish to 
5 ft. 6 in. in diameter above the bed of the creek, the 
central cylinder being 7 ft. in diameter throughout. The 
side piers next the swing bridge’ are composed of four 
cylinders each, also 7 ft. in diameter, diminishing to 5 ft. 
6 in. above the bed of the creek. The remaining piers 
are similar to the last, but 5 ft. 6 in. in diameter, diminish- 
ing to 3 ft.6in. The cylinders forming these piers will 
be braced together with cast-iron bracing frames, and are 
intended to be filled with concrete. Above the group of 
nine cylinders forming the central pier is the engine room, 
which is a water-tight tank, circular on plan, 44 ft. in 
diameter, and composed of cast-iron plates bolted together. 
This contains the rollers, roller paths, and the hydraulic 
machinery for swinging the bridge. 

The superstructure of the fixed spans consists of four 
lines of main girders with solid plate webs, cross girders, 
cantilevers, and open lattice balustrading. The flooring 
is composed of curved wrought-iron plates, upon which 
the ballast and paving will be laid. The superstructure 
of the swing spans consists of two main girders with solid 
plate webs, and curved top flanges, cross girders, longi- 
tudinal bearers, cantilevers, and balustrading. The 
flooring is to be composed of two thicknesses of timber 
planking ; the lower planks are to be 6 in. thick, and laid 
at right angles to the centre line of the bridge, the upper 
planks are to be 3 in. thick and laid diagonally. Above 
the centre of the swing bridge a light gallery will be 
erected on cast-iron columns, which will carry a bridge- 
keeper’s box and signal post. 

The moving apparatus will consist of an accumulator 

working in the central cylinder, fed by an hydraulic 
pumping engine. There isa constant pressure of water 
available from the main at. Port Adelaide equal to 75 lb. 
per square inch, which will be sufficient to work the 
hydraulic pump. But to provide for the possible con- 
tingency of the failure of this supply a steam pumping 
engine and boiler will be erected in the engine-room of 
#ufficient power to feed the accumulator. Two hydraulic 
engines for turning the bridge will be worked by the 
water under a pressure of 700 1b. per square inch. Each 
engine will have three cylinders and rams. These engines 
actuate a train of cogwheels and pinions by which motion 
is transmitted to a circular rack 42ft. 8 in. in diameter 
bolted to the upper roller path. The operations of 
opening, turning, and closing the bridge will be effected 
by means of levers worked by the bridge-keeper in the 
box over the centre of the bridge. Four sets of hydraulic 
cylinders will be bolted to the under side on the main 
girders at the ends which will actuate four wedges to 
block up the ends, of the bridge on solid bearings when 
closed. When open they will be drawn back so as to 
allow free movement to the nose of the bridge. These 
cylinders are also controlled from the bridge-keeper’s 
box. In connexion with this apparatus a self-acting 
semaphore signal will be provided so as to give notice of 
the opening of the bridge to engine-drivers and passengers. 
The hydraulic machinery will be supplied by Sir W. 
Armatrong and Company. 
The following are the approximate weights of the iron- 
work in the whole bridge. In the piers 550 tons; in the 
fixed spans of the superstructure, 242 tons; in the swing 
span, 283 tons; the engine-room and rolling apparatus, 
244 tons; balustrading, &c., 108 tons; bridge-keeper’s 
gallery and box, 12 tons; making a total weight of 
1439 tons. The moving weight of the swing bridge is 
600 tons. 





ENGINEERS IN INDIA. 

To THe EpiTor of ENGINEERING. 
Srr,—As you have i several letters in your news- 
paper respecting the state of the Public Works Department 
fn india, which requires the proper attention of Govern- 
ment officials in England as soon as possible in order to 
stop the discontent now existing among the junior ed 
officers of civil ~~ through being overworked in an 
exceedingly unhealthy tropical climate, and their promotion 
being retarded to a very great extent, I shall feel obliged if 
you will insert this letter in your newspaper, in order that 
any intending students at the Cooper’s Hill College may 
form their own ju ent upon the matter, as to whether 
it is worth their while to expend a sum of money for 
their studies at the college when they will not reap their 
reward in India as they might anticipate. 

Three officers of the Department, together with some 
subordinates, have within the last few months committed 
suicide through being overworked, so it is reported, and not 
receiving the reward of their labour by being promoted for 
their exertion in carrying out Government works. 

In the classified lst returns published by Government 
there are also several resignations and dismissals of officers 
and subordinates mentioned. 

CrviL ENGINEER. 








Tue Frencu Coat Trape.—This trade exhibits a fair 
amount of activity. In the Nord and the Pas-de-Calais, 
the extraction is steadily absorbed, but prices have not ad- 
vanced. In the basin of the Loire there is also a fair 
amount of activity, but prices remain as quiet as in the 
Nord. The imports of coal into France from Great 
Britain amounted in the first ten months of this year to 
2,682,421 tons, as compared with 2,225,822 tons in the cor- 


SEA-GOING ENGINEERS. 
To THE EpIror or ENGINEERING. 
Srr,—In your last issue I notice two letters, one from a 
**Memb. Inst. Mar. Eng.’”’ and the other from ‘“‘A Sea- 
ing Engineer,’”’ both i a society called the 
titution of Marine Engineers. Will your correspondents 
inform me whether this was the society whose president 
delivered the wonderful address criticised by you on Marc 
10 last, in your article on ‘‘ Presidential Gems’’? Also, if 
so, whether the other papers read before them are of a 
similar kind? Before joining 
I am yours res y; 
ONE WHO WOULD LIKE TO Know. 
Liverpool, November 13, 1876. 


To THE EDITOR OF ENGINEERING. 

Str, —I see by your issue of the 10th that the letters on 
the formation of an Institution of the marine engineering 
profession here, have taken the attention of some members 
of an Institution of Marine Engineers in London, and that 
they naturally now put forth the claims of that body. If 
that Institution had been known, or in any way carried out 
the ideas (as far as Liverpool was concerned) which I 
suggested in my letter of October 23rd, I do not think that 
the letter of ‘‘ A Chief Engineer,’’ would have ap q 
I admit that ‘Union is strength,” but I think if the 
founders of the above Institution have not extended their 
labours beyond the metropolis, we in Liverpool should at 
once take steps to form a Marine Engineering Congress of 
such a high standing that every person connected with the 
profession would consider it an honour tobe in any way 
connected with it. Ido not rr Shea the metropolis ‘has 
just claims to be the head- rs of an 0 isation so 
important to the country, but I think there should also be 
in Liverpool, Newcastle, G w, Belfast, and South- 
hampton, a chairman'and committee for the district, and a 
good wong J and reading-room, so that the members and 
associates, belonging to those districts might be able to 
partake of the many advantages which would thus be 
thrown open to them. 

The head-quarters of course being in London, with an 
extensive museum confined exclusively to marine matters, 
and as such a body would be the great authority of the 
profession, the Congress, aided by the provincial committees, 





would render the test service to the Government in 
time of war, or to the many large steamship lines belonging 
to this country. 


T remain your obedient servant, 


NEPTUNE. 
Liverpool, November 14, 1876. 








SAFETY VALVES. 

To THE EDITOR OF ENGINEERING. 
S1r,—Since that unfortunate boiler explosion on board 
the Thunderer, there have been a { many safety valves 
brought before the public; there is not much difference in 
the construction of any that have been illustrated, still each 
maker claims some advantage for his valve, which makes 
the selection of the most reliable valve a work of some 
difficulty. ; 

Now a safety valve being an appendage to the boiler of 
such importance that thousands of lives are daily depend- 
ing on the efficient working of it, I would consider that it 
would benefit the public at to have a public trial of 
safety valves ; the valves should be all the same diameter, 
and attached to a boiler in the same position as they are 
permanently fixed. 
If the Government could see their way to take it up, and 
offer prizes that would induce respectable makers to send 
their valves for trial, I think it would be the only way of 
bringing the best valve to the front. Steamship owners 
and manufacturers would then have reliable information 
whereby to select a valve that would be safe. 

About two ‘years ago the American Government offered 
rizes for the best safety valve. They were tried on a 

iler with steam of different pressures. A + number 
of valves were submitted for trial, with, I believe, good 
results. It was a great boon to owners of steam boilers, as 
it let them know the sort of valves to be most relied on. 
I am yours sincerely, 


JOHN ROBINSON. 
Belfast, November 13, 1876. 





Society or Arts.—The coy we for the meetings 
of the Society of Arts previous to Christmas are as follows : 
November 22nd, ‘‘ Collapsible Boats : their Peculiarities and 
Advantages, ’’ by the Rev. E. L. Berthon ; November 29th, 
‘* The Construction of House Drains,’’ by Major General 
F. C. Cotton, C.S.I. ; December 6th, “‘ Street Tramways, ” 
by Captain Douglas Galton, R.E., C.B., F.R.S.; De- 
cember 13th, ‘‘ A New Process of Printing a Number of 
Colours “at one Impression, ”’ by Mr. E. eyerstein ; De- 
cember 20th, ‘‘ The Philadelphia Exhibition, ’’ by Professor 


Archer. The first course of Cantor Lectures will consist of 
six lectures on ‘“‘ The History of the Art of Coach Build- 
ing,’ ents have 


> by Mr. George A. Thrupp. 

been unde for admitting workmen connected with the coach- 
building trades to these lectures at a very reduced charge. 
This course will be concluded by Christmas. The remaining 
courses, which will be delivered after Christmas, are on 
“* The Chemistry of Gas Manufacture, ’’ by Mr. A: Vernon 
Harcourt, F.R.S., and ‘The Connection of Greek and 
Roman Art with the Teaching of the Classics,’’ by 
Mr. Sidney Colvin, M.A., Slade Professor of Fine Arts at 
the University of Cambridge. During the Christmas vaca- 
tion a short course of Juvenile Lectures will be delivered by 
Mr. R. A. Proctor, F.R.A.8. This course will consist of 
two lectures: Lecture I., January 3rd, ‘‘ The Sun and his 








central pier. 


This pier, upon which the swing bridge turns, is com- 


responding period 





ding period of 1875, and 1941,875 tons in the cor- | and C 
i iod of 1874, 


Family ;” II., January 10th, “‘ Comets, Meteors, 
and the Stars.’’ The meetings of the Indian, African, 
hemical Sections will not commence till after Christ- 
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NOTICES OF MEETINGS. 

THE INSTITUTION or OIVIL ENGINEERS.—Tuesday, November 
2ist, at 8 p.m., “ The Fracture of Railway Tyres,” by Mr. W 
Beaumont, Assoc, Inst. C.E. 

PuysicaL SociETY.—Saturday, Novemter 18, at 3 p.m., at the 
Science Schools, South Kensington, “ On the Cohesion or Capillary 
Action of Films of Water, especially when holding Solid Bodies 
in Suspension against the Action of Gravity,” by Alfred Tylor. 
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THE REGISTRAR-GENERAL’S REPORT 
FOR 1876. 

Tue Registrar-General’s Report for 1876, which 
covers the year 1874, affords the usual amount of 
reflection for all interested in sanitary and social 
reform. ‘The subject so thoroughly set forth, and 
so ably dealt with in these pages, is one of increas- 
ing interest, and one which must annually become 
more and more valuable as its scope becomes more 
extended, Upon the statistics with which these 
annual reports teem, must, in a great measure, be 
based those improvements in the social condition of 
the people, which originating in the physical acquire- 
ments of the human race, exercise over the mental 
powers a force the value of which is but too little 
understood by the great mass for whose improve- 
ment they are undertaken. 

There can be no doubt that large sums of money 
have been expended here and there in recent years 
on sanitary works of various descriptions, and it is 
highly desirable that the fruits of such expenditure 
~ Should be known. Has the money been well spent? 
If not where lies the cause? Does it rest with the 
engineer, or with the medical officers of health? One 
great fact the report tells us is assured ; the mor- 
tality of the whole population, “ though not so low 
a8 In some countries, is much lower than it is in 
large empires, That the health of the people is 
not stronger is partially due to the increasing density 
of the population, “ without corresponding arrange- 
ments for lodging them, for supplying them with 
pure water, for preventing the ge of black 
smoke into the air they breathe, or for carrying 
oz. impurities to the earth to which they belong.” 


General proceeds: ‘I have thought it well, with 
the observations of thirty years before me, to in- 
quire especially into the connexion between t 
reductions in the mortality and genuine sanitary 
works. The result is decisive; there remains no 
question that the increased salubrity of several 
towns and districts is due to sani measures, 
Where no such effects follow improvements the im- 
provement is only apparent, or the works are im- 
perfect,” ; 

The report produces many instances in support 
of this, In the district of North Witchford, 
Cambridge, we have a striking illustration of the 
important results attained through health adminis- 
tration, The average annual moriality fell from 
27 per 1000 in 1841-50, to 21 in 1851-60, and to 20 
in 1861-70 ; in the four years ending 1874 the re- 
sults were still more remarkable, the mortality being 
reduced to 17 per 1000. In Whittlesey, Cambridge, 
a steady improvement in the mortality is also dis- 
cernible from 25 per 1000 in 1841-50 and 23 per 
1000 in 1851-60, to 21 per 1000 in 1861-70; in 
1871-4 the rate fell to 19 per 1000. In Wisbeach 


«| Sanitary supervision commenced soon after the 


cholera epidemic in 1854. In 1866 the town was 
supplied with pure water, and extensive a 
works are now completed. The result is that the 
annual death-rate has been reduced from 25 per 
1000 in 1841-50 to 19 per 1000 in 1871-4, 

In Orsett the remarkable reduction in the death- 
rate during the thirty years 1841-70 is purely due 
to sanitary works, but mainly to the drainage of the 
land and consequent dryness of the soil. Inthe four 

ears 1871-4 the mortality was only 17 per 1000. 

he annual rate of mortality from phthisis decreased 
from 2.8 per 1000 in 1851-60, to 1.9 per 1000 in 
1861-70. All these examples clearly show the bene- 
ficial effects to be derived from efficient sanitary 
works, 

Previous reports have made reference to the good 
effects of drainage and water supply in the district 
of Salisbury. Before these improvements were 
made, the annual death-rate in 1841-50 was 28 per 
1000, but by the year 1855, when the system of 
drainage was in operation, and the district was sup- 

lied with pure water, the annual rate was reduced 
in 1851-60 to 24 per 1000, and in the following 
decade it was still further reduced to 20 per 1000. 

The city of Salisbury, with a population in 1871 
of 12,903, is spoken of as being in a good condition, 
the annual mortality for the four years ending 1874 
being at the rate of 21 ld 1000. 

In Wolverhampton the death-rate has fallen from 
28 per cent. for the two years ending 1860 to 24 per 
cent. for the four years ending 1874. The reduc- 
tion is attributed to various sanitary improvements 
carried out since 1858. In 1865 the town was en- 
tirely resewered, and a more wholesome water 
supply obtained, but much still remains to be done 
to put Wolverhampton in a good hygienic state. 

tn like manner the improvement in Coventry is 
traced to the progress of sanitary works. From 27 
per 1000 in the ten a ending 1850, the rate fell 
to 21 per 1000 for the like period 1870. Owing to 
scarlet fever, and an epidemic of small-pox, the 
rate, however, rose in the four years, 1871-74, to 24 
per 1000. The prevalence of scarlet fever shows 
that also with regard to Coventry there remains 
something more to be done. 

Macclesfield, although incurring large expenses 
for sewerage works, improved water supply, and 
various other sanitary measures, has not been suc- 
cessful in securing a low rate of mortality, for in the 
decade 1870 it stood at 23 per 1000. 

Sanitary efforts at Kingston-upon-Hull are en- 
couraging, although apparently not yet thoroughly 
successful. In proportion to population this district 
suffered, during the cholera  aoecd in 1849,{more 
than any other district in the kingdom. For the 
ten years 1850 the death-rate was 31 per 1000. 
On investigation it was found that the drainage was 
bad, and that the water—derived from the river 
Hull—was impregnated with sewage. In 1851 a 
Local Board of Health was incorporated, when 
sanitary improvements were commenced with the 
result that forthe 10 years 1860 the mortality was 
reduced to 25 per 1000. In 1864 the river water 
was abandoned, and the town received a constant 
supply of water from the springs rising out of the 
chalk wolds of ery ams yet the mortality rose for 
the following decade from 25 to 26. During the four 
years 1871-4, however, it again fell to 25 per 1000. 
In the district of Merthyr-Tydfil, the es centre 
of the iron manufactures of South Wales, the 





d pursuing these observations the Registrar- 


mortality stood in 1841-50, and in 1851-60, at the 








high average annual rate of 28 and 29 per 1000 re- 
spectively, This was attributed to defective drainage, 
to the absence of any system of scavenging, and to 
scanty and impure water supply. Drainage was 
completed in 1866, and a plentiful supply of water 
secured. For the ten years 1861-70 the death rate 
fell to 25 per 1000. Still the sanitary condition 
of the town is far from perfect, as marked by the 
Fereieaes of small-pox in 1872, of enteric fever in 
873, and of contagious fevers in 1874, For the 
ag — 1874 the annua] average rate stood 27 
per . 
Dr. Dyke thus records the result of sanitary 
work in the parish of Merthyr-Tydifil : 


Death Rate. 
1. Before any works of sanitary im- 
Ss ‘were begun; in the 
lyears 1845-55... ove ese 33 per 1000 
2. During works of paving, inspection, 
andj nuisance removal; in the5 8 


years 1856-61... bs re ie 

3. After the addition of water supply, 
and during the formation of main 

; in Serene 1862-65 ... 26 de 


effected ; in the 7 years 1866-72 .. 25 45 
a most telling Table ! 
There are two districts in England which are re- 
orted to be exceptionally healthy ; Glendale and 
thbury. Their annual pone = during the 
30 years 1840-71 was at the low average rate of 
15 per 1000. In Rothbury, a third of the population 
is employed in healthy occupations connected with 
agriculture, breathing a pure atmosphere, and 
drinking pure water. The following ‘lable gives 
the remarkable low death-rates, ruling at the 
different ages, compared with similar rates in the 
healthiest parts of England ; 
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Rothbury District. tricts) South. 
ng: Counties. 
Aazs. = Annual Mortality. 
Mean Or- ae 
Popula-| inthe | tality. | ‘Deaths to 1000 
1861.71.| 490 ean| Deaths — 
-71.| 1861-70. to'1000 
Living: | 1849.53.| 1861-70. 
Allages| 7114 | 1105 | 155 | 17.5 19.1 
0 931 | 270 29.0 | 404 511 
5 834 56 6.7 6.9 6.5 
10 751 84 4.5 4.8 8.9 
15 1316 4.6 73 6.6 
25 956 69 7.2 8.6 9.3 
35 768 74 9.6 9.6 11.9 
45 627 10.4 | 123 15.1 
55 486 | 100 20.8 | 223 25.7 
65 293 | 150 51.9 | 523 56.1 
75 and . 
upwards 152 226 | 148.7 145.8 151.5 





Two interesting instances of the vitality of 
children, and it may be added of the purity of the 
locality in a sanitary sense, are given with reference 
to this district. Within it is situated the village of 
Harbottle, having 120 inhabitants. Among them are 
37 children under 14 years of age. During the last 
20 years not a child has died. A farmer and his 
three shepherds, who have occupied their present 
situations nearly 30 years, have among them 
47 children, and not a single death has occurred in 
these families, The inhabitants have abundance of 
plain substantial food, excellent water, good 
residences, as a rule, and regular but not severe 
work in a “ bracing atmosphere ; they are in- 
telligent and generally abstemious., 

Such exceptional cases are, no doubt, well worth 
study, and many a useful lesson of arene may be 
learnt from these farmers and shepherds living under 
such favourable conditions on the slopes of the 
Cheviot Hills. The district of Rothbury contains 
several very large parishes. That of Alwinton, on the 
southern slopes of the Cheviots, extends over 46,681 
acres, and comprises 16 townships. The pe ulation of 
this parish was in 1861, 1325, and in 1871, 1205, when 
39 births and 9 deaths were registered. ‘Thus the 
birth-rate was for the year 32.4, and the death-rate 
7.5 per 1000. In the year 1874 only 6 deaths were 
registered, and ass the population to have 
been stationary since 1871, the mortality would stand 
at the remarkably low rate of 5 per 1000, 
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is attracting attention. The proportion of infants 
which die under one year of age is much larger in 
some towns than in others, ‘Thus in Liverpool, 
out of every 1000 births he pager for the 5 years 
1870-74 239 perished ann ; whereas in London 
the proportional number was 161. In Leicester the 
rate was 226, but here there is reason to believe 
exceptional causes were at work. Among others the 
river was dammed up by mills, and the subsoil was 
consequently saturated, It is thought that infants 
were fed with milk obtained from cows which drank 
water contaminated with sewage. A Table is given 
in the reportin which the causes of death are classified. 
Amongst other causes is that of suffocation. In 
London the number of infants perishing from this 
cause annually for the two years 1873-74 was 3.9; 
Liverpool, 8.2; Leicester, 1.2. Thus the death 
rate in Liverpool would appear very exceptional. 

It is interesting to compare many of the foregoing 
figures with those relating to the army, and the 
royal and mercantile navies. The average strength 
of the army at home and abroad in the year 1874 
was 186,389. The number of deaths was 2136; 
the rate of mortality was therefore 11.5 per 1000. 
At home, the average strength was 97,635, deaths 
1007, and rate of mortality 16.1 among officers, and 
10.0 amongst the non-commissioned officers and 
men, against an annual average of 9.2 and 11.4 re- 
spectively in the twelve years 1861-72. ‘This in- 
crease of mortality for 1874 is stated to be due to 
‘* accidents,” and invalids from abroad joining their 
depéts instead of going to Netley Hospital, the re- 
sult being that more deaths were attributed to the 
force serving at home than were due to illness really 
contracted there. 

With regard to the Royal Navy, the general 
sanitary condition of the service afloat is reported 
as being very satisfactory. The total force was 
44,530; deaths 422; mortality rate 9.4 per 1000 
against 8.3 for the previous year. ‘The increase of 
1.1 per 1000 was mainly due to an outbreak of 
yellow fever on board the receiving ship at Rio de 
Janeiro, The highest rate of sickness occurred ,in 
the China station. 

In the mercantile marine the number of mariners 
at sea, exclusive of masters, in the year 1874 was 
reported as 203,606 ; deaths 4602, rate of mortality 
22.6 per 1000. This rate was above the average 
(21.5) of 23 years. The number of mariners in the 
merchant service, exclusive of masters, whose deaths 
were referred to drowning by shipwreck or by ac- 
cident, as compared with the Royal Navy is as under : 


Mortality per 1000 strength. 
Average previous 
1874. 8 years. 
Royal Navy ove 18 2.7 
Mercandile marine ~~ oe 13.7 
For the 8 years 1866-73, 21,748 lives were lost 


in the merchant service by drowning; viz., 13,244 
by wreck and 8504 by accident. The total loss for 
1874 was 2859 lives, being 404 less than in the pre- 
vious year; and as there was a decrease of 412 in 
the number of lives lost by wreck, it may be fairly 
assumed that greater precautions were taken by the 
owners or masters of vessels to insure the sea- 
worthiness of their ships. 

Comparing the average annual rate of mortality 
from drowning during the eight years preceding 
1874, of that in the mercantile with that in the 
Royal Navy, it would appear that the risk of 
drowning in the former service is five fimes as great 
as that in the latter. 

The estimated pe ulation in the United Kingdom 
in the middle of the year 1874 was 32,426,369. 
That of Scotland 3,462,916. ‘The birth rate of 
Scotland was lower than that of England, its death 
rate higher, being as 23.3 against 22.3 per 1000 of 
population, The number of births registered in 
1874 was 854,956, or 25,178 more than in 1873. 
The rate was as high as 36.2 per 1000, against the 
annual average rate for the ten years 1864-73 of 
35.4. The deaths registered in England during the 
year 1874 amounted to 526,632, 34,112 more than 
the previous year, The rate of mortality for the 
year was 22.3 1000, exactly the same as the 
mean rate in 1838-74, but 1.2 per 1000 above the 
rate of the previous year. Nearly one-half of the 
above excess was specially attributable to scarlet 
fever and measles. 

The number of emigrants who left the United 
Kingdom in 1874 for places out of Europe was 
241,014, or 69,598 less than in 1873. Of these 


116,490 were English, 20,286 Scotch, 60,496 Irish, 
38,465 foreigners, and 5277 not distinguished. The 
falling off in 1874 was in the emigration to North 
America, the numbers being 96,670 less than in 


1873, viz., 84,912 less to the United States, and 
11,751 to British North America ; attributable partly 
to the rise in wages at home, and partly to the 
— depression of the labour markets in the 
nited States. In the emigration to the Australian 
Colonies we have on the other hand a large and 
very satisfactory increase. In 1873 the total 
number was 26,428, in 1874 it rose to 53,958. 

The report is full of interesting facts, many of 
which, want of space forbids our approaching ; suffi- 
cient will have, however, been phe vow from what 
we have been able to reproduce to show that great 
good is beingdone. Theinformation thus collected, 
relating to the prevalence of any local disease 
enables special local inquiries to be readily made 
under an authority, which must result in steps being 
taken for its suppression, and the removal of its 
origin. Much undoubtedly remains to be done, 
but we hope that the day is not very distant when the 
greater part of the country will be under an energetic 
and searching sanitary surveillance conducted by a 
body of health officers, second to none in skill and 
perseverance. And if then, as the Registrar-General 
remarks, ‘‘ Engineers, chemists, and agriculturists 
in the end solve the sewage and water questions 
satisfactorily ; if dwellings are built and regulated 
so as to be noxious no longer in village, town, or 
city, the returns of Death—that impartial, inexorable 
inspector—will,” unquestionably, ‘‘ bear testimony 
to the efficiency of the Health Department.” 








ARCTIC EXPLORERS AND THE 
CENTENNIAL. 

ENGLAND may be proud of the place she holds in 
the annals of discovery. She was the pioneer of 
Arctic exploration and has never let the spirit of 
Frobisher entirely die out. It has been her ambi- 
tion to clear up the mystery that envelops the higher 
latitudes of our globe, to break through the fields 
of secular ice, to navigate the waters of a hypo- 
thetical ‘‘open sea,” and fly her colours to the breezes 
of the Pole. The more important of these objects 
is doubtless the investigation of the hydrography 
and general physics of the ultra-northern regions ; 
but this often escaped the popular eye, fascinated as 
it easily is by the prestige of reaching the wonderful 

int where the stars neither rise nor set. It was 
idle to talk of the thousand difficulties attending 
such enterprises. There was a charm in the idea 
of exploring the unknown and aiming at the un- 
knowable that dwarfed every danger and hushed 
all scepticism. But the wings of this popular ambi- 
tion have at last been clipped, and the fond dream 
of many has reluctantly faded away as the latest 
herald from the frozen latitudes laconically de- 
clared the ‘‘ Pole impracticable.” The goal on which 
were fastened the cheering hopes of Parry and 
Franklin must probably remain inaccessible, and 
the silence that reigns around it continue unbroken 
by the intrusion of man. 

The report of the Arctic Expedition recently re- 
turned dispels much of the romance attaching to 
this luring problem, and tends to confirm conclu- 
sions already arrived at by many of the less enthu- 
siastic. But it does not detract from the merit and 
glory of the brave men who have in the past exposed 
themselves to all the rigours and hardships of Arctic 
winters, in order to extend our knowledge of the 

hysical conditions of those inhospitable wastes. 
The additions they have made to polar geography, 
as well as their gallant bearing in ing circum- 
stances, will not easily be blotted out from the pages 
of history or the records of science. 

It was, no doubt, a high appreciation of such 
men, the services they have rendered to science, and 
the honour they have reflected on their country, 
that induced the authorities of the United States 
Navy to form at the Philadelphia Exhibition a little 
collection that would be commemorative of their 
achievements, 

The collection was exhibited in one of the transepts 
of the Government Building. It was arranged with 
much taste and with a decided view to bringing 
every object within easy and distinct vision. It 
consisted of a large number of miscellaneous articles, 
some of which were found in the Arctic regions, 
whilst the great bulk belonged to one or other of 
the six recent American expeditions, viz., that of 
Lieutenant E. J. De Haven, 1850-52; that of E. 
K. Kane, M.D., 1853-55 ; that of L. L Hayes, M.D., 
1860-61; and the three of Captain C, F. Hall in 
1860-61, 1864-69, and 1871. 

The first American expedition that sailed for the 
North left New York in May, 1850. It consisted of 





the Advance and the Reserve under the command 





of Lieutenant De Haven. It had been fitted out 
chiefly by the munificence of Mr. Henry Grinnell of 
New York, for the purpose of making another 
vigorous effort to ascertain the fate of Sir John 
Franklin. Reckless alike of personal discomforts 
and drifting floes, the ‘‘ mad Yankee,” as the com- 
mander was called by the more wary English ex- 
lorers, proceeded with despatch through Banks 
nd and Melville Peninsula, and reached Beechy 
Island on August 25. Here he picked up some 
scraps‘of information, from which he thought himself 
warranted to conclude that the English navigator 
must have passed that way in his search»for the 
North-West passage. This conjecture was subse- 
quently confirmed by McClintock in 1857, and by 
Hall in 1864. The highest land attained by De 
Haven was appropriately called Grinnell d, 
The extent of this vast tract was not ascertained by 
its discoverer, but Hall’s party believed its further 
limit stretched out as far north as 83 deg. 20 min. It 
is nota little curious to notice that this altitude 
almost coincides with the limit reached by the ex- 
pedition that has just returned to our shores, and 
which limit thus appears to be the ze plus ultra of 
Arctic exploration. Satisfied with the results ob- 
tained, De Haven returned on October 3, 1851. 
This expedition was represented in the Centennial 
collection by a soup-canister from Franklin’s first 
winter quarters, and some specimens of red snow 
(Protocoecus nivalis) from the cliffs of Beverley. 
The second expedition was placed under the com- 
mand of Dr. Kane, a graduate in medicine of the 
University of Pennsylvania. Dr. Kane had decided 
proclivities for a nomadic life. He had already 
served in the Chinese seas, visited India, Ceylon, 
and Egypt, traversed Greece on foot from Patras to 
Trieste, crossed Germany, Switzerland, and Italy, 
and returned home vid France and England. In 
1850, he was again in the front demanding service 
under De Haven. His offer was accepted, and he 
obtained the post of surgeon and naturalist. The 
experience acquired in these extensive travels, as 
well as the habits of endurance and observation 
which they fostered, eminently fitted Dr, Kane for 
the arduous undertaking now entrusted to his care. 
On May 30, 1853, he sailed from New York in the 
brig Advance, buoyant with the hope of discovering 
certain tidings of the missing navigator. He wasa 
firm believer in an open circumpolar sea teeming 
with life, and unvisited by extreme temperatures. It 
was the tranquil waters of this vast sea that the keels 
of the Erebus and Terror were now supposed to be 
loughing, and thither Dr. Kane determined toextend 
his search. The ideal was more smiling when un- 
folded to the Geographical Society of New York than 
when fronted by the thick-ribbed ice and 90 deg. cold 
of Van Rensselaer Harbour. Here in latitude 78 deg. 
37 min, and longitude 70 deg. 40 min., Kane took up 
his winter quarters ; and, as the dark days crept by, 
he may have derived some satisfaction from the 
thought that no previous expedition had ventured to 
spend the dreary months in so high a latitude. In 
une he sent out an exploring party under William 
Morton with the hope of securing some data con- 
firmatory of his cherished theory. Morton happily 
chanced to meet with an extensive sheet of water 
which he called Kennedy Channel. Pushing onward 
from this point, he ultimately reached Washington 
Land in latitude 82 deg. 27 min. Nothing further was 
achieved ; the prospect of a third winter was too 
uninviting for the crippled expeditionists, Unable 
to free the Advance from her icy prison, they 
abandoned her in May, 1855, and set out with three 
small boats and sledges for the Danish settlements 
on the north of Greenland. These they finally 
reached after enduring untold hardships, and en- 
countering unceasing perils for eighty-four days. 
No traces of Franklin had been found; but in 
compensation for this disappointment, it was believed 
that strong evidence had been obtained of the 
existence of an — polar basin. The services of 
Kane were highly and universally appreciated. 
Congress awarded him a gold medal ; the legislature 
of New York and the Geographical Societies of Lon- 
don and Paris did the same, while the ‘‘ Queen’s 
a. Sater only to Arctic explorers, was also 
presented to him, 


The memorials of this e ition collected at the 
Centennial were the Queen’s medal and photographs 
of the other honours awarded to Dr. Kane; the 
chief instruments used by him, his journals, twelve 
Arctic scenes in oil colours, forty-eight in water 
colours, ten daguerreotypes, a copy of Tennyson 





which he read to his men, stones gathered Mf 
Morton at the most northern headland reached, 
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photographs of Kane and Morton, and a photograph 
of the vase presented by the British Government 
‘¢ as a token of their sincere gratitude and esteem 
to Henry Grinnell, of New York, through whose 
exertions and munificence the American Arctic ex- 
pedition in search of Sir John Franklin, and the 
officers and crews of Her Britannic Majesty’s ships 
Erebus and Terror was undertaken and carried into 
execution, between the years 1850-55.” The last 
relic that we shall mention, and an interesting one 
it is, is the boat Faith, which was carried 80 miles 
beyond the limits of the ice-field, and in which the 
party thence made 1000 miles of perilous naviga- 
tion to reach Disco, on the Greenland coast. 

The third expedition was got up by private sub- 
scription in 1860. The command was given to Dr. 
Hayes, who had been familiarised with Arctic scenery 
in the company of Dr. Kane, He sailed from 
Boston early in July in the schooner United States, 
manned by only 14 men. Dr. Hayes was another 
warm advocate of the ‘“‘open polar sea” theory, 
and did not fear to enter the lists of authorship to 
vindicate it against scoffers and sceptics. While 
his ship was ice-bound in Port Foulke, he despatched 
frequent sledging parties to northward, but their 
progress was anything but commensurate with his 
wishes. ‘This is easily conceived, for sledging was 
only in its infancy and had not yet been reduced to 
an art. Even in 1876 an advance of a mile anda 
quarter a day over the rugged hummocks was not 
dispiriting, and we may presume that Dr. Hayes 
must have felt satisfied when he reached 81 deg. 
37 min. and his men declared further progress im- 
possible on account of the rotten condition of the 
ice, Eagerly climbing a neighbouring headland, 
he contemplated with delight the scene that lay 
outstretched before him; and prepossessed by one 
dominant idea, easily fancied himself standing on 
the shores of the polar ocean. He thought the 
soft ice with which it was encumbered would melt 
under the rays of the returningsun, while the floe- 
bergs would drift southward, and thus leave the 
Arctic sea open to navigation. Different, however, 
is the information brought home in 1876, and oppo- 
site the conclusions one would draw from the pre- 
sence of an ice pack varying from 100 ft. to 200 ft. 
in thickness. It is scarcely conceivable that such 
masses could be formed in one winter, and melted in 
the following summer, Like the glaciers of the Alps, 
they are probably the growth of centuries; and 
hence the propriety of christening this vast extent 
the Sea of Ancient Ice, the Palzocrystic Sea. 

Dr. Hayes was prevented from advancing any 
farther by the crazy state of his schooner, and he 
determined to put back. The return voyage was 
prosperous, and Boston was reached at the end 
of October, 1861. In 1869, he proceeded to 
Upernavik, with the intention of starting again for 
the North. He made a short voyage in the Panther, 
but accomplished nothing of importance. His 
labours were rewarded by a gold medal from the 
Royal Geographical Society of London in 1867, and 
another from the Geographical Society of Paris in 
1868. 

The expedition of 1875 visited Port Foulke, and 
there found a journal, a few books and documents, 
that belonged to Dr. Hayes and his companions, 
Captian Nares has found fault with Dr. Hayes for 
changing names previously given by Admiral Ingle- 
field, and also for publishing inaccurate and there- 
fore misleading delineations of Grinnell Land. 

Dr. Hayes was a voluminous and somewhat 
versatile writer. In his ‘‘ Arctic Boat Journey”’ he 
records his impressions of his voyage with Dr. 
Kane; “The Open Polar Sea” is a warm argument 
in favour of a cherished myth, whilst “The Land of 
Desolation” and ‘‘ Cast away in the Cold” are no 
bad specimens of the descriptive and romantic. 

This expedition was illustrated by a copy of ‘‘ The 
Open Polar Sea,” a fragment of syenite from the 
most northern point attained, and an electrotype 
of the medal awarded by the Geographical Society 
of Paris. 

We now come to the irrepressible Captain Hall. 

He was a blacksmith by trade, and possessed all the 
es » and energy requisite for bold enterprise. 
tndowed with a mind that soared far above the 
limits of his forge, he soon found means of ex- 
changing his sledge-hammer for a pen. Journalism 
turned the tide of his thoughts towards the Pole; 
and in 1860 he left New London, Connecticut, in a 
whale ship, determined to go in quest of ‘‘ the bones 
of Franklin.” In this expectationhe was disappointed, 
but found instead relics of Frobisher’s expedition 
of 300 years before. 





The reminiscences of this visit to the North are 
numerous, and include fool’s gold and fossils from 
Frobisher Bay, musk-ox horns, -— from lati- 
tude 67 deg. 30 min. and longitude 68 deg. 41 min., 
minerals from Rescue Bay (Frobisher’s y Expe- 
dition), whale chart prepared by Lieutenant M. F. 
Maury at the National Observatory, Washington, a 
boat log, a sledge log, a photograph of Hall with 
autograph, an electrotype of the medal from the 
Geographical Society of Paris, and lastly the flag 
that was successively borne to the Southern Ocean 
by Captain Wilkes, and to the Arctic seas by De 

aven, Kane, and Hayes. 

In 1864, he set out again, and landed on the shores 
of Hudson Bay with only two Esquimaux for com- 
panions. He rightly deemed that a knowledge of 
the language and customs of these hardy people 
would materially help him in gathering information 
and carrying out his projects. For this purpose he 
remained with them for five consecutive years, 
during which time he was made uainted with 
facts which led him to conclude that Franklin 
succeeded in discovering the North-West passage, 


while his vessels were wintering at O'Reilly Island, | 42 


and that his men died of starvation in King William's 
Land. He found no records, but brought home 
many relics, which formed an interesting portion of 
the Centennial collection. Among these are a baro- 
meter, a piece of an azimuth compass, a cylindrical 
lead, a fragment of a chair, a bottle containing some 
hair, and articles of clothing, a tin vessel to enclose 
a record, canisters for preserved meat, a wedge, a 
chisel, arrows, &c. 

The expedition of 1864-69 was represented by the 
captain’s flag, a note-box, a long sabre used in King 
William’s Land, a seal-spear, Hall’s notes, brass 
writing plates, which were heated to prevent the 
ink from freezing, a walrus tooth, reindeer horns, a 
specimen of quartz from Marble Island, and minerals 
from Hecla and Fury Strait. 

In June, 1871, Captain Hall sailed from New 
York on his third and last expedition. It is often 
called by the name of his vessel the Polaris, and had 
for its object the settlement of the — sea ques- 
tion, and, if possible, a visit to the Pole itself. He 
set out with determination, little dreaming that the 
end of his checkered career was at hand. Sailing 
up Kennedy Channel, he ed through Robeson 
Strait and reached latitude 82 deg. 16 min, He 
wintered at Polaris Bay in latitude 81 deg. 38 min., 
and displayed great activity in sending out sledging 
parties. In one of these he attained latitude 
82 deg. It was his last feat in Arctic discovery, 
for on his return to the ship, he was struck with 
apoplexy and died on November 8. In June, 
1876, Captain Stephenson visited this spot; and 
while his men unfurled the American flag and fired 
a salute, he erected over Hall’s grave a brass 
plate with the following inseription, ‘‘ Sacred to the 
memory of Captain C. F. Hall, of the United States 
ship Polaris, who sacrificed his life in the advance- 
ment of science on November 8, 1871. This tablet 
has been erected by the British Polar Expedition of 
1875, who following in his footsteps, have profited 
by his experience.” The tribute was as graceful as 
it had been well deserved. 

The Discovery, one of the twin steamships of this 
latter expedition, wintered in sight of Polaris Bay, 
whence parties were sent out in various directions 
to verify the reports of Hall’s companions. They 
discovered that Robeson Channel has an outlet into 
the Arctic Ocean, and failed in finding the far-ex- 
tending land about which the crew of the Polaris 
were so enthusiastic. They are firm in maintaining 
that the polar sea is never navigable, and that there 
is ‘¢no land to northward.” 

Tho highest latitute attained by Hall was 
82 deg. 16 min. ; the Austrian expedition of 1872-73 
reached 82 deg. and sighted 83 deg. ; Captain Nares 
wintered in 83 deg., and sent out sledging parties to 
83 deg. 20 min. 26 sec. This station, which is 
within 400 miles from the Pole, was reached aftera 
struggle of 72 days, and there, on the remotest point 
of Arctic exploration, Commander Markham and 
his associates planted the English flag on May 12, 
1876. 

The relics of Captain Hall’s last expedition in- 
clude the log of the Polaris, pieces of the flag, 
Centi e and Fahrenheit thermometers, foss 
from Thank God Harbour, a stone overgrown with 
lichens, a shot-gun, a note-book used by Hall in his 
last sledge journey of October 10, 1871, his inkstand, 
seal-skin mittens, eider-down wristlets, a bag of 
tobacco, ivory articles made by the Etah Esquimaux, 
and photographs of J oe Ebierhing and Hannah, These 





were two Esquimaux whom Hall chanced to meet 
in England, and who subsequently became his fastest 
frionds and constant oma Ebierbing rendered 
good service in the Polaris; and to his skill as a 
seal-hunter, Captain Tyson and his eighteen com- 
panions owed their preservation when they drifted 
— for 195 days on an ice-floe. Hans Christian, 
an Esquimaux dog-driver, was also very useful to 
Hall, and he acquired additional celebrity by the 
valuable services he since rendered to the expedition 
of 1875-76. 

Captain Hall also brought home a considerable 
number of relics belonging to former e itions, 
The larger part of these refer to Sir John Franklin, 
and have already been enumerated. The remainder 
consist chiefly of small articles of outfit and riggin, 
of the expeditions of Parry, Ross, and Rae, an 
complete the halo of interest that surrounded the 
Centennial memorial of Arctic explorers, 





THE 100-TON GUN. 

SINcE our last report of the firing with the 100-ton 
at Spezzia, some further experiments have been 
carried out, the results of which still continue to 
enhance its reputation, and to redound to the credit 
of the Elswick firm, But before proceeding to 
notice these experiments we purpose describing 
somewhat in detail the chief actors in them—the 
gun and the targets—by the aid of the illustrations 
which we give at page 426 of our present issue. For 
the drawings, from which our engravings are pro- 
duced, we are indebted to Sir William Armstrong 
and Co. The engravings are so explicit in their 
details as to render very elaborate description un- 
necessary. First, then, the gun, of which some 

iculars were given in our issue of the 3rd inst, 
Lhis splendid weapon consists of an inner steel tube 
surrounded by successive layers of wrought-iron 
coiled cylinders. There are ten of these coils, six 
of which refer directly to the rear half of the gun, 
the remaining four being placed singly end to end 
around the barrel of the weapon, from the front of 
what we may term the shot chamber, and the 
trunnions. For a distance of 13 ft. from the rear 
end of the gun the steel tube is enveloped by a 
coil 7 in. thick. Over this is a coil 8 in. thick for a 
length of 9 ft, 6in., then we have the trunnion coil, 
which is 1] in, thick, and which extends forwards 
for a distance of 2 ft. Beyond this is a tapered 
coil, having an average thickness of 6} in., and ex- 
tending forwards a further distance of 3 ft. 3 in. to- 
wards the muzzle, Outside the second long coil is 
another to the rear, 9 in. thick and 5 ft. 6 in. long, 
which reaches to the trunnion coil, ‘Thus the breech 
portion is enveloped in three coils. The four single 
coils commence midway of the length of the gun 
and extend to the muzzle. They taper from 10 in. 
thick at the middle of the gun to 24 in. at the muzzle. 
The coils are so arranged that they interlock with 
and overlap each other at their junctions. The ex- 
treme length of the gun is 32 ft. 104 in., the maximum 
diameter at the breech is 6 ft. 5 in., and its minimum, 
at the muzzle, is 2{t.5 in. The diameter at the 
trunnion coil is 5 ft. 44 in., and at the point where 
the single coils commence 3 ft, 9 in. The steel tube 
is 31 ft. 3 in. long, 6 in. thick at the powder chamber, 
diminishing to 34 in, at the muzzle. The bore is 
30 ft. 6 in. long with a 17-in. calibre, the rifling con- 
sisting of 27 grooves with a twist in the chamber of 
1 in 150 calibres, which is increased near the muzzle 
to 1 in 50 calibres, after which it is uniform, 

The gun is mounted on a special casriage fitted 
with hydraulic gear for manceuvring and absorbing 
the recoil after firing. The loading and sponging is 
also performed by hydraulic agency, the whole 
system having been designed by Mr. G. Rendel at 
Elswick, The gun, mounted on its carriage, is 
placed in a pontoon of special construction, as 
shown in our engraving in side elevation and part 
section at Fig. ], and in part plan at Fig.2. A is 
the gun platform, B the slide on which the gun 
recoils, C the sliding trunnion blocks carrying the 
gun, and D the recoil presses. E E are the chests 
containing the valves by which the resistance to 
recoil is regulated, F the elevating press, and G the 
hinged beam through which the elevating press acts 
on the gun, and upon which the breech of the gun 
slides in recoiling; H H are iron bands connecting 
the gun with the sliding block I; K shows the 
position of the muzzle of the gun when depressed 
for loading after recoil; Lis the projectile on its 
trolley; M tbe hydraulic telescopic rammer with 
sponge head ; N the chain and press for withdrawing 
the rammer ; and O the engine for supplying the 
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hydraulic power. The pontoon is moored in position 
for firing in the Bay of Spezzia, having, however, to 
be shifted bodily in changing the line of fire from 
one target to another. 
The targets are shown at Figs. 3 to 8, the plates 
being mounted on framing representing that of the 
Duilio and the Dandolo, Fig. 3 isa front elevation, 
showing to the right proper the two wrought- 
iron plates of Cammell and Marrel respectively, 
Cammell’s plate forming the upper and Marrel’s 
the lower half. The plates are each 11 ft. 6 in. long 
by 4 ft. 7 in, deep, and 22 in. thick. On the left 
proper are the steel plates of Messrs. Schneider, the 
upper plate being 11 ft. 6 in., and the lower one 
10 ft. 9 in. long, and each 4 ft. 7 in. deep by 22 in. 
thick. The backing consists of two thicknesses of 
timber, the front balks being arranged in horizontal 
layers and the rear vertically. The inner skin of each 
target consists of two in. wrought-iron plates. 
Figs, 4 and 5 show sections through the centre of 
each plate, and from which the methods of bolting 
through will be seen. The a part of the right 
proper portion of the target shown in the elevation 
at Fig. 6 consists of one of Marrel’s 12-in. wrought- 
iron plates of the same length and depth as before. 
Behind this is, first, a wood backing arranged 
horizontally, then another of Marrel’s plates 10 in. 
thick, and then the vertical wood backing and 
skin. The lower part of this target is made 
up of a face-plate of wrought-iron 8 in. thick, 
backed with vertical timbers, behind which is a 
14-in. chilled cast-iron plate, and to its rear the 
vertical timbers and iron skin plates. The left proper 
of this target has at the upper part a 12-in. wrought- 
iron face-plate by Cammell, a thickness of horizontal 
timbering, and a 10-in. wrought-iron plate by the 
same maker, the whole being backed as before. The 
lower portion is made up of an 8-in, wrought-iron 
face-plate, with a 14-in. cast-iron - immediately 
behind it. The plates are backed with horizontal 
and vertical timbers, and two }-in, wrought-iron 
plates as before. Sections of these arrangements 
are seen at Figs.7 and 8. In each case it will be 
seen that the targets are further backed by framing 
representing that of the ships, the deck bearers how- 
ever being bent downwards to the ground, and their 
ends being well strutted. Wrought L-iron stringers 
also introduced in the horizontal timber backing. 
The cast iron used in the targets is the Gregonin 
metal used for guns in the Royal Arsenal at ‘Turin. 
The results of the firing against these plates having 
already been reported by us, it is unnecessary now 
to refer further to the destructive effects produced 
by the 100-ton gun on the targets. From the 
sections, however, some idea will be realised of the 
enormous amount of energy developed by the 
weapon. 

After the experiments at Spezzia recorded by us 
last week , the gun had a respite of ten days, the 
trials being resumed on the 7th instant. Up to 
that time 32 rounds out of the 50 stipulated for as 
the proof test had been fired. In the hope, there- 
fore, that some new experiences might be gained 
by using heavier charges than hitherto the weight 
of the powder was increased, This was done with 
the concurrence of the representatives of the Els- 
wick firm, who had only stipulated for the whole 
50 rounds to be fired with service charges. They, 
however, had the fullest confidence in the weapon, 
and in agreeing to the proposition their only con- 
dition was that the charges should not be increased 
by too rapid gradations. The first round (the 33rd 
in the I fired on the 7th was with 353 1b. of 
Waltham Abbey powder and a 20001b. projectile, 
The velocity was 1512 ft., the maximum pressure 
21.4 tons per square inch, and the recoil 42.5 in. 
The round was fired into the butt and the shot took 
a curved path upwards, appearing at the top; it was 
the first projectile that had done so. The crusher 
gauge at the base of the projectile showed 
that a pressure of 19.8 tons per square inch 
had been exerted there. In round No. 34 the 
charge was 3641b. of powder and the same weight 
of projectile. The velocity was 1514 ft., the re- 
coil 42.8 in., the chamber pressure 20.6 tons per 
square inch, and that on the base of the shot 
19.8 tons, ‘The air space had been increased with 
each of the previous two charges, but in round 
No. 35 it remained the same as in No. 34. This 
time the charge was 375 lb. of powder, and a 2000 Ib, 
shot. The result was a velocity of 1543 ft., and an 
energy of 33,000 foot-tons. The recoil in this round 
was 45.3 in,, the chamber pressure at bottom of the 
bore 21.4 tons per square inch, and the pressure on 


In comparing the results of this charge with those 
afforded by the 81-ton gun firing 370 Ib. of the same 
powder, and a 17001b. projectile, it will be seen 
that there is a preponderance of energy greatly in 
favour of the 100-ton gun. The 8l-ton gun gave a 
velocity of 1520 ft. to its 1700 lb. shot, with an 
energy of 27,200 foot-tons, or 540 foot-tons per 
inch of the circumference of the shot, The 100-ton 
gun gave a velocity of 1543 ft. to a 20001b. shot 
with an energy of 33,000 foot-tons, or 623 foot-tons 
per inch of circumference. In round numbers the 
100-ton gun at its 35th round had exceeded its 
guaranteed effect by about 33 per cent., a result 
which will doubtless be equally gratifying to the 
Italian Government and the Elswick firm, 

After firing the foregoing rounds the gun was 
carefully examined, and was reported to be perfectly 
sound in every respect. On the 8th instant the 
gun was fired by the Committee with charges of 
their own experimental powder. This powder, which 
is known as “‘ progressive powder,” is manufactured 
by the Italian Government at Fopano. Round No. 
386 was fired with 319 Ib. of this powder and a 
2000 lb, projectile. The velocity was 1348 ft., and 
the energy developed 25,200 foot-tons. Round 
No. 37 was fired with a charge of 341 1b. of the 
same powder, and a projectile of the same weight 
as before. The results gave a velucity of 1415 ft. 
and an energy of 27,760 foot-tons, The pressures 
in the gun with this powder were abnormally low, 
and the velocities obtained were therefore satisfac- 
tory. This powder is, however, purely experi- 
mental, We have now brought our report of the 
performances of the 100-ton gun down to the date 
of our latest advices. So far we can but congratu- 
late all parties—except the shipbuilders—on the 
results attained with it, 








THE METROPOLITAN RAILWAY. 

Tae works of the Aldgate extension of the Metro- 
politan Railway, which are fast approaching completion, 
were inspected on Saturday last by the officials of the 
company and a number of engineers and other gentlemen 
interested in railway construction and working. The 
extension commences at the platform of the present 
Bishopsgate Station, the line proceeding on a parallel 
line with Devonshire-street, under Devonshire-square, 
Cutler-street, and Meetinghouse-yard to the present 
termination in High-street, Aldgate. The line is in plan 
on an easy and nearly uniform curve of 2000 ft. radius, 
and the gradients are merely nominal. It proceeds in 
tunnel from Bishopsgate for a distance of about 10 chains, 
in which length there are two ventilating shafts. The 
tunnel is of the same section as on other parts of the 
line, the width being 28 ft. Gin., and the height from 
rail level 17 ft. From the tunnel to the commencement 
of the station yard—so to speak—the line proceeds 
through an open way for 11 chains. From the first 
signal-box to the end of the station platform is about 
7 chains, the total length of the line being 2 furlongs 
8 chains, or about a third of a mile. The line is laid with 
an 871b. bull-headed steel rail on transverse sleepers. 
The station arrangements are at once complete and con- 
venient, there being a spacious booking office fronting on 
Aldgate High-street, with the necessary offices-adjoining. 
The station is arranged with two double platforms, each 
820 ft. long with two lines of rail between them and a 
siding outside each platform. Each of these platforms is 
covered for 160 ft. of its length by its own light roof, the 
remaining 160 ft. being under the main station roof, which 
is of iron, 160 ft. long and 82 ft.4}in. span. Although the 
line is free from engineering difficulties, still some heavy 
works occurred in the course of its construction. Its 
route being under the warehouses of the St. Katharine 
Dock Company in Cutler-street, these had to be under- 
pinned, and concrete foundations put in under their walls, 
which were over 80 ft. in height and 4 ft. in thickness. 
Where the tunnel passes under the warehouses it is turned 
in 14 rings of brick in cement with a layer of concrete 
over it. Nime sewers are also intersected by the line, 
and these had to be led into one main intercepting sewer 5 ft. 
deep by 3 ft. wide, which has been constructed at a depth 
of 10ft. from rail level along the whole length of the 
line. The original intention was to have carried this line 
of railway on to Tower Hill, the Metropolitan District 
Company intending to extend to the same point, and the 
two uniting there to complete th: inner circle railway. 
These intentions, however, have been abandoned on both 
sides, and the circuit will probably be completed by an 
independent company—the Inner Circle Completion Com- 
pany—who have obtained their Act for the purpose. 
Their route lies vid Fenchurch-street and King 
William-street, and they propose to widen the former 
street, which is much to be desired. The com- 
pany have promises of contributions from the Metro- 
politan Board of Works and the Commissioners of 
Sewers towards their object. The Aldgate extension 
works have been constructed in a remarkably short time. 


December next, having already been finally passed by 
Colonel Yolland on behalf of the Board of Trade on Mon- 
day last. The costhas been somewhat below the average 
cost of other portions of the line. The engineer for the 
construction of this extension was Mr. F. Brady, of 
the South-Eastern Railway, the contractors being 
Messrs. Lucas and Aird, who have done their work well. 
All the trains will run to Aldgate except the Great 
Western trains, which are few in number, and will con- 
tinue to stop at Moorgate-street. It is expected that 
extra train accommodation will have to be provided, as a 
large accession of traffic is anticipated from the busy and 
populous district in which the line terminates. As a 
proof of the advance the Metropolitan Railway has made 
since its opening, we may mention that in 1863, 9} 
millions of passengers were conveyed over the line. In 
1875 this number had increased to 48} millions for the 
year, the total number of passengers conveyed over the 
line from the opening to the end of 1875 being 408} 
millions. It is intended to place a temporary service of 
trains on the Aldgate extension to-morrow—Saturday— 
the regular service of all through trains being arranged 
for the first of next month as already mentioned. 





STOBCROSS DOCKS, GLASGOW. 

THE great engineering works which are involved in 
the construction of the Stobcross Docks, as part of the 
Harbour of Glasgow, are now making very satisfactory 
progress ; and at their, last monthly meeting, held on the 
7th inst., the Clyde Trustees let Contract No. 4, the exe- 
eution of which will bring to a completion the great 
undertaking in question. The contract referred to will 
embrace the construction of about 4630 lineal feet (or 
nearly a mile) of quay wall and relative works, the alter- 
ation of sewers, and the excavation for quay space. No 
fewer than ten offers were sent in, some of them being 
from the most eminent firms of contractors in the West 
of Scotland. The successful tender, 206,662/., was that 
of Mr. John Jackson, of Newcastle-on-Tyne, who was 
also the. successful contractor for a large portion of the 
works erected about four years ago at Hallside, near 
Glasgow, by the Steel Company of Scotland. Of the 
other nine offers there was eight which formed a some- 
what regular graduated series, the highest of which 
was about 239,000/., while the tenth or highest was 
fully 22,000/. more, the total being upwards of 262,000/. 
There was certainly a great disparity between the 
highest offer and the one immediately next to it; but 
leaving it aside, this competition for a great engineering 
work showed some very close competition, and brought 
out the fact that thoroughly experienced contractors can 
now arrive at the remunerative cost of work with almost 
mathematical accuracy. 

A circumstance of very considerable importance in 
connexion with the offer of Mr. Jackson—one which 
weighed very much with the New Works Committee in 
their deliberations—was the fact that he undertookto exe- 
cute the whole works embraced in the contract in from 
24 to 30 months, whereas no other tendering firm would 
become bound to complete the contract in less than 36 
months. Two firms wanted each 48 months, other two 
wanted 54 months, while there were still other two that 
would not bind themselves to any time. Of course, in 
order that the docks may be made available as a source 
of revenue to the Clyde Trustees as soon as possible, the 
question of time in the contract is of the most vital impor- 
tance ; and they derive some satisfaction from the know- 
ledge that the lowest tender as to money was combined 
with the shortest time for completing the works. 

The works pertaining to this new contract will include 
all the east end of the docks, as also the quay walls of 
the tongue of land which, projecting westwards, will 
form a central pier, and divide the whole water area into 
two docks of somewhat unequal dimensions. A portion 
of the north quay wall, about 770 ft. in length, will have 
its foundation upon solid rock, and some of the founda- 
tion stones will be massive blocks weighing up to three 
tons} each, and set in cement concrete. The whole of 
the remainder of the quay walls of this contract will be 
founded on concrete cylinders, with a superstructure of 
masonry. With the exception of four at the corners, 
these cylinders are to be formed in triune or three-well 
groups, and are to be sunk until the bottom of the bear- 
ing cast-iron shoe reaches to a depth of 48 ft. 6 in. below 
the level of the cope of the quay wall. Each bearing 
shoe will weigh about 4} tons, the depth over all being 
2 ft., and the metal in the body being not less than 1 in. 
in thickness, and in the flanges at the joinings not less 
than l}in. It is estimated that the excavation of ma- 
terial before the level of the top of the cope of the quay 
walls is reached will be about 193,718 cubic yards over 
the total length of 4630 ft. of the quay wall. Including 
the rock-cutting and the formation of the trench for the 
770 ft. of the quay wall, which will be founded on rock, 
there will be 52,764 cubic yards of excavation. Fora 
total length of wall on cylinders (3860 lineal feet) there 
will be the enormous total of 200,479 cubic yards of ex- 
cavation—the grand total being 446,961 cubic yards ; 
and after the quay walls are built there will be about 
72,025 cubic yards of refilling. 

Turning now to the quay wall, that which is to be 
built on rock foundation will embrace, in rubble and con- 
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cubic feet. In the quay wall which is to be raised on 
concrete cylinders there will be required no fewer than 
286 triune cylinder groups, the cast-iron shoes for which 
will have a total weight of 1287: tons. In the moulded 
concrete rings of the triune groups of cylinders there will 
be about 876,447 cubic feet of material, in addition to 
which the cylinder wells will require nearly 672,000 cubic 
feet of concrete. The superstructure to be raised upon 
the concrete cylinders, in the shape of ashlar founda- 
tion, dressed ashlar, dressed ashlar masonry, concrete 
rubble masonry, granite coping, &c., will embrace not less 
than 731,790 cubic feet of material. There will also be 
one boat stair at the east end of each division of the docks, 
which will likewise involve a large amount of work in the 
shape of ashlar and concrete rubble masonry, - steps, 
and granite coping. 








NOTES FROM THE NORTH. 

GuLascow, Wednesday. 
Glasgow Pig-Iron Market.—The market opened stron 
on Thursday forenoon, with a good business done at 57s. 9d. 
cash and 57s. 103d. one month fixed. Towards the close the 
price receded to 57s. 7}d. cash accepted, at which, there 
were sellers over, buyers offering 57s. 6d. A good business 
was done in the afternoon at 57s. 7}d. cash and fourteen 
days, and 57s. 7d. cash, sellers remaining at the latter, 
buyers 57s.6d. There wasa steady market on Friday fore- 
noon, with a moderate business done in warrants at 
57s. 74d. cash, also 57s. 9d. one month and fourteen days, 
closing sellers 57s. 74d. prompt, buyers at the same price 
with fourteen days to pay. The afternoon market was quiet 
—sellers 57s.7}d, buyers 57s. 6d. cash. Several makers 
announced an advance in price, to the extent of 6d. per ton, 
on Saturday. The warrant market was brisk on Monday, 
and a marked increase in prices was obtained, the closing 
quotations being 54d. above that on Friday. Business 
opened strong at 58s., the price varying between that figure 
and 57s. 10d. cash, and 57s. 11d. one month, the forenoon 
market closing with sellers at 58s. 14d. one month, and 
58s. cash, buyers 1$d. per ton less. In the afternoon 
58s. 1}d. cash was paid, and the closing quotations were 
firm—sellers 58s. 14d. cash and . 8d. one month, buyers 
58s. and 58s. 2d. respectively. Yesterday’s forenoon 
market was very strong, and a large amount of business 
was done in warrants at 58s. 1}d. to 58s. 6d. cash, and 
58s. 3d. to 58s. 9d. one month open, closing with buyers still 
offering the top prices, sellers asking 1}d. per ton more. 
The market opened easier in the afternoon, with business 
done at 58s. 3d. cash, sellers asking that price at the close, 
buyers 58s. 14d. Messrs. William Baird and Co. announced 
an advance of 6d. per ton on the prices of their Gartsherrie 
and Eglinton brands. There was a steady market this 
forenoon, and a moderate business was done in warrants at 
58s. 3d. to 58s. 1}d. prompt cash, closing with sellers atthe 
higher and buyers at the lower quotation. Business was 
done in the afternoon at 58s. 3d. cash, and the market closed 
with buyers at that price, sellers 58s. 44d. Last week’s 
shipments amounted to 10,715 tons, as against 10,663 tons 
for the corresponding week of last year. The deliveries 
into store during last week were a good deal under the 
average of those of the last few weeks, the total stock with 
Messrs. Connal and Co. last Friday night being 97,012 tons, 
thus showing an increase for the nou of 616 tons. One 
furnace has been blown out at Shotts Iron Works for re- 
pairs, and the number at present in blast is 117 as 
against 115 at the same time last year. It should be men- 
tioned that much of the recent business in pig iron has been 
done on the part of speculators, induced by the comparative 
cheapness of iron and the gathering hopefulness in the 
immediate future. 


Manufactured Iron.—The demand for manufactured 
iron becomes duller. Specifications are eagerly sought 
after, and the competition for them leads to a breaking 
down of the already very low prices. 


The Coal Trade.—There has lately been manifested a 
marked degree of firmness in the coal trade, the demand for 
coal for domestic consumption being greatly stimulated by 
the sudden accession of very wintry weather. Shippers are 
now getting abreast of their orders at the East Coast ports. 
Prices are not quotably higher, but discounts on good 
orders are reduced. A movement has begun among the 
miners in some districts for an advance of wages, but there 
does not seem to be any marked degree of probability that 
the demand will be readily or generally conceded by the 
coalmasters. 


Galashiels Water Works.—The heavy part of the con- 
tract for the new works to supply Galashiels with water 
from the Caddon has now been let. Mr. James Young, of 
Roslin, has secured the contract for the Stantling Crag 
reservoir, which is to be constructed on the Caddon 
for compensation water for the lower levels, and the 
Knowe Dean reservoir, to serve as a clear water basin for 
town service, besides the intake dam and piping from 
Caddon to Knowe Dean. The contract price is 17,7781. 
There remain yet to be contracted for the cutting of the pi 
track from Knowe Dean to the town, and the laying of the 
pipes, as also the small distributing reservoirs near the 
town. The contract for the piping was let some time since 
to a Glasgow firm, at a little over 70001. The distance 
omg a to a = at — is nearly - oye 

e works are inten to su 30 ons en r 
day for 20,000 inhabitants. wy grad ga er 


Perth Water a pigeon wy are in a fair way for 
securing the long of water supply for the suburbs of 
the city of Perth. A number of the more influential 
citizens have raised the sum of 30,0001. as a guarantee 
fund to promote a Bill in Parliament during the ensuing 
session ; and as the Water Commission do not see their 


way to go to Parliament at present the gentlemen referred 
ve, determined to apply for a Bill themselves, and the 
rey ] documents will ae pen published 
forthwith. It is, however, considered probable that the 
Water and Police Commissions may yet homologate what 
has been done and promote a Bill, as the necessity for an 
extended water supply is admitted on all hands. During 
the past summer Mr. J. F. Bateman, C.E., made a survey 
of the various possible sources from which a possible supply 
might be obtained, and reported to those gentlemen who 
were willing to come to the aid of the corporate authorities. 
The scheme which he recommended is that on which the 
Bill is to be framed. 


Large Contract for Water Pipes.—On the recommenda- 
tion of the Corporation Water Works Committee, the town 
council of Dunfermline have let the contract for the supply 
of the cast-iron os required for the Glendevon water 
supply scheme to Messrs R. Laidlaw and Son, in conjunc- 
tion with Messrs. Robert Maclaren and Co., both of Glas- 
gow. The contract price is a total of 15,9191. 17s. 4d., 
including the pipes at 5/. 19s. per ton, and speci al castings 
at 107. per ton. Messrs. Thomas Edington and Sons, 
Phoenix Foundry, in conjunction with Messrs. D. Y. 
Stewart and Co., both of Giese, offered to do the same 
work for 16,2921. 6s.—the pipes at 61. 3s. 4d. per ton, and 
the special castings at 11/. 10s. per ton. The offer of Messrs. 
Cochrane, Grove, and Co., Middlesbrough, was 61. 7s. per 
ton for the pipes: and 101. 10s. for the special castings, or 
a total of 16,8421. 14s. 9d. The la: main pipe on which 
these estimates were based is one of 11 in. in diameter, and 
is to extent from Glendevon to Craigluscar ; but had a 12- 
inch main been chosen instead, the estimates would 
have been respectively—Messrs. Laidlaw and Maclaren, 
17,2111. 0s. 4d. ; Messrs. Edington and Stewart, 17,5741. 12s. 
Messrs. Cochrane,Grove, and Co., 18,4341. 2s.3d. In sup- 

rting the recommendation, the Provost said he was con- 
Bdent that, if the town council delayed only for a few weeks 
accepting the tender, they would have to pay more for the 
pipes. 

Royal Scottish Society of Arts.—The opening meeting of 
the new session of this Society was held in Bainburgh on 
Monday night, Mr. John Milne, President, in the chair. 
After the delivery of the — address the report of 
the committee appointed by the Society to award prizes for 
communications read and reported on during session 1875-76. 
It stated that the committee had awarded the following 
prizes: To D. Bruce Peebles, for his paper on ‘ Gas 
Governors, with Description of his Patent Governors for 
Stations, Districts, Dwelling-houses, and Public Lamps,’’ 
the Keith Medal, value ten sovereigns; to Professor 
Fleeming Jenkin, for his paper on ‘‘ Constant-flow Valves 
for Gas and Water,’’ the Hepburn Prize, value five 
sovereigns ; to William Ireland, Buckhaven, for his ‘‘ De- 
scription of a New Instrument for Indicating the Draft on 
Spinning and Preparing Machinery,” a Brisbane Medal, 
value five sovereigns ; to William Allan Carter, C.E., for 
his poner and suggestions on “‘ Sanitary Arrangements and 
on Se .’’ the Society’s honorary silver medal; and to 
Robert Ferrier, Edinburgh, for his paper on ‘‘ Improve- 
ments in the Adjustment of Gasholders used for Measure- 
ment,’’ the Society’s honorary silver medal ; and that, while 
thanks were justly due to all those gentlemen who have 
sent communications, the special thanks of the Society were 
due to Adam Scott, London, for his paper on “ Liernur’s 
System of Pneumatic Drainage ;’’ to Stevenson Macadam, 
Ph. D., for his paper on ‘The Ventilation of Drains an 
Sewers, and on the Cleansing of Water Cisterns;’’ to 
William D. Scott-Moncrieff, C.E., for his paper on ‘‘ Stored 
Air as a Means of Propulsion;”’ and to Edward Elmslie 
Sang; O-H., for his papers on the ‘‘ Application of Power to 
the ordi Hand Fly-Press,” and on “An Improved 
Holder for the Cooper’s Dowelling Lathe. ” 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron ys enwery there was a 
food average attendance on ’Change at Middlesbrough. 
he prices of Cleveland pig iron were based upon No. 3 
being quoted 46s. 6d. per ton. Some makers decline to 
accept this figure, and although the unsettled and threaten- 
ing state of affairs in the Kast seriously interferes with 
business and its prospects, the owners of blast furnaces 
cling to the belief that next year trade will improve con- 
siderably. It is hoped that the 52 blast furnaces now idle, 
representing a sum of 1,500,000/. lying dormant, will be in 

full operation next year. 


The Finished Iron Trade.—There is continued stagna- 
tion in the iron rail trade, and consequently the finished 
iron trade of the North of England remains flat. If 
all the branches of the finished trade were as busy as 
possible the results in this part of the ‘country would be 
trifling if there were no rails being made. At present there 
are very few rails being manufactured. There is a good 
demand for plates. 


Iron versus Steel Rails.—We have frequently alluded 
to this subject. Mr. Isaac Lowthian Bell, M. P., who has 
for two years been endeavouring to produce an iron rail 
equal to steel, has succeeded in making a rail of Cleveland 
iron which has been doubled when cold, and has stood 
some hard tests. Mr. Bell has not publicly expressed his 
opinion regarding the rail he has produced. He states 
that he will shortly avail himself of an opportunity of 
stating in detail the results of his recent important inves- 
tigations and experiments, the success of which may re- 
volutionise the rail trade of the North of England. 


Masters and Servants. — Within the past fortnight 
Messrs. J. W. Pease and partners, the great owners of 





ironstone mines in Cleveland and collieries in Durham, 
have’ presented to their workmen two splended institutes, 
the cost of which has been something like 30007. each. 
One of the institutes is at New Marske and the other at 
Skinningrove, Cleveland. Both institutes are built from 
one plan, and embrace a large lecture hall, news room 

room, and every convenience. The liberality of 
Messrs. Pease is further shown by the fact that the work- 
men peeseing. to trades unions are to have the use of 
those halls so that they may discuss trade questions. Em- 
pee like the Messrs. Pease urge the men to improve 
hemselves mentally, so that by reason they may be able 
fairly to settle all differences by arbitration, and thus pre- 
vent such suicidal methods of commercial warfare as 
strikes or lock-outs. AtSkinningrove, Messrs. Pease, who 
are by far the largest mine owners in Cleveland, have the 
royalty of about 1000 acres. 


The North-Eastern Railway Company and the Cleveland 
District.—The railway company have recently declined to 
reduce the mineral rates ; there is again a report in cir- 
culation that s are being he ws for forming a 
railway in pea to the North-Eastern. There is a 
very strong ef on Tees-side that until there is some 
opposition to the great railway monopoly, the North of 
England trade interests cannot be efficiently met. It is 
contended that the requirements of trade being so large 
two railways would be better able to cope with them than 
one. 


The Coal and Coke Trades,—There is no material change 
in the coal and coke trades. 


_ Cleveland Institution of Engineers.—The opening meet- 
ing of the session was held on Monday, November 6, in 
the hall of the Literary and Philosophical Society, Middles- 
brough. Mr. Thomas Wrightson presided. in the absence 
of Mr. Thomas Whitwell, the president elect, who is, at. pre- 
—_ poe in rat senting’ he eteett the pe gt 

gan Ds ence: | ry i e annual report - 
lance-sheet, from which it appeared that the ett te 
prospering both in numbers and status. Mr. Edgar Gilkes 
then read a paper on “‘ The Tay Bridge,’”’ which the members 
— e an excursion to. The paper was illus- 
trated by drawings and models. 





NOTES FROM THE SOUTH-WEST. 

Avonmouth Docks—Within three weeks it is expected 
that every part of the works on the Avonmouth Docks will 
be ready for the opening. Over 600 men are now busy 
~ rey Me 2 range —— and mee the ware- 

ouses, ging, and general levelling, and it is ex 
that the services of 200 of these will not be Dro pov 
next week. After allowing a foot of leakage, there is now 
water in the dock to the depth of 19 ft. Nearly 200,000 
tons of ‘‘ spoil’? have been removed in the ey r=, Bey 
channel, and though the dredging apparatus has at 
work every tide since June—twice in the 24 hours—there 
has never | ay sage pa att a At spring tides there 
is now a rise o . against a tempo am protecti 
the lock, and there is a downward tops et 6 ft Pease 4 
dam to thejpoint where the excavated passage joins the river. 
The custom-house,' which is at a short distance from the 
lighthouse, is almost complete, and the scaffolding is being 
removed from the hydraulic eeapneietie, Mr. Westmacott, 
representing Sir William Armstrong and Co., of Newcastle- 
on-Tyne, to whom the hydraulic work was entrusted, will 
inspect and test the whole of the machinery. 


_ Dartmouth Pool,—The work of filling Dartmouth Pool 
is being pushed rapidly forward. The work hitherto done 
has proved very satisfactory. 


Somerset and Dorset Railway.—Acting on instructions 
from the Board of Trade, Captain Tyler, chief inspector of 
that Board’s Railway Department, has spent t i 


Beginning at Bath, a 
the recent accident at , and afterwards examined 
the point where the leading van of the express ran off the 
line near Wimborne a fortnight since. Captain Tyler was 
accompanied by his » who took copious notes as 
the examination p . It is stated that Captain 
Tyler will recommend a diminution of speed on some parts 
of the line, especially between fa ge egg and Blandfo . 
On this section of the line, on which the Spettisbury acci- 
dent occurred, it will be recommended that the speed shall 
not exceed 25 miles per hour. 


Swansea.—F rom a report read at a meeting on Monday 
of the Swansea Harbour Trust it appears that the shipping 
dues in October exceeded those of the previous month by 
upwards of 137/., and they were also in excess of those of 
the corresponding pa of last year. It was further stated 
that the dues for the first ten months of the present year 
were upwards of 2718/. in excess of those of the correspond- 
ing ten months of 1875. 





SouTH AMERICAN RAILways.—The Tucuman Railway, 
in the Argentine Republic, has been recently completed. 
It is the longest railway in South America, and has 
been finished in four years. The contract was signed 
September 28, 1872, and the line was completed September 
28, 1876; Mr. Telfener, the contractor, has accordingly 
become entitled to a premium of 20,0007. The line has cost 
only 47601. mile, and is the cheapest yet constructed in 
the Argentine Republic; its length being 366 miles,. the 
total expenditure which it has involved has been 1,600,0001. 
The Azul branch of the Great Southern Railway of Buenos 
Ayres is in working order, and the Argentine 
has decided on the construction of an iti 


from Lomas de Zamora to Canuelas and Guardia. .This 





extension will open out a fertile district. . 
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We last week published (see ante page 421) a some- 
what detailed description of the ironclad corvette Nelson, 
launched on the 4th of November from the yard of Messrs. 
John Elderand Co. We this week give above a diagram 
showing the general outlines of the vessel, and the dis- 
position of her armour. The latter consists chiefly of 
a belt about 181 ft. long and 5 ft. deep placed on the 
water line, and formed of plates 9 in. thick above and 
6in. below. At each end of this side armour, bulkheads 
extend across the ship, that forward being composed of 
9 in. and 3 in. plates, and the one aftof 8 in, and 6 in. plates. 
There is also an armour deck running aft, and formed of 
8 in. plates, and another forward, extending from the 
bulkhead to the ram, also 3in. thick. From the upper 
line of the side armour the only protection consists of 
thin plating, except in the vicinity of the four 18-ton 
guns, which is armoured as shown. The lower deck is 
formed of 2 in. plate, and thus affords a very consider- 
able resistance. The ends of the ship above the armour 
deck fore and aft are of thin plating as shown. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Railw mere hitler. Lockout.—All efforts to settle 
this lamenta’! ispute have failed, the men being deter- 
mined not to concede more than 3d. per cwt., whilst the 
employers have reduced their original demand from 94. to 6d. 
per ewt. Altogether there are nearly 1000 men out, and 
other branches are greatly inconvenienced. 


New Branch of the Midland arta Oe and after 
the first proximo, a new branch of the Midland Railway 
Com from Shipley (near Bradford) to Guiseley, will be 
opened for passenger and goods traffic. It is stated that in 
connexion with this extension, the Midland is not unlikely 
to seek running powers over the North-Eastern system to 
Harrogate. 

The Swinton and Knottingley Railway.—This new line 

which is being constructed by Mr. Cameron is being pushed 
on with all possible rapidity, more than one company ee = 
interested in the result. It is, in some quarters, regard 
oo ee Te i idland line from 
Sheffield and South Yorkshire generally to Hull. 
Singular Effect of an Explosion.—On Friday last as a 
eae ew Mansfield to Sheffield was passing the Shireoaks 
station a loud explosion was heard, and in a few seconds a 
large stone came enceing Sone the roof of one of the 
carriages, making a hole therein nearly a foot in diameter. 
There were several passengers in the compartment but 
none were hurt. It appears that the stone had been 
ejected by an explosion from some neighbouring quarries. 

A New Colliery near Hemsworth.—A “‘ maiden’’ coal- 
field-nearly six square miles in extent was last week tapped 
by the ing of the coal seam at a new colliery on the 
estate of the Hon. C. W. Fitzwilliam, near Hemsworth. 
This pit will work nearly 1100 acres, the seam being 
4ft. 10in. thick. A great quantity of water has been met 
with by the sinkers, as much as 35,000 gallons per hour 
having been a. The engineer of the works is Mr. 
Joseph Mitchall, 0 Worsboro’. 

Coal by Railway to London.—The returns just 
issued for the month of ber show that there never was 
so great a tonnage carried by rail in that month of an 
year. This, of course, is a result of the greatly in 

uction taken in conjunction with the limited demand. 
Midland in headed the list with 152,934 tons, the 
London and North-Western following with 124,761 tons, 
and the Great Northern being next with 99,819 tons. The 
Great Eastern, although po Fag direct access to the 
Derbyshire or Yorkshire coalfields, carried 55,796 tons. 
In South Yorkshire the many new collieries just beginning 
to be active tended to benefit the tonnage over the 
orthern. Eight of the principal thick-coal collieries 
tched 16,900 tons, against 11,500 tons in September. 
Three of the leading West Yorkshire pits sent 10,000 tons, 
marked increase over the preceding month. The Mid- 
usual, was mainly fed from Derbyshire, oom. 
swths Great ‘Northern will sh tly 
the metropolis. e Great ill sho 
be able to offer a serious competition in some parts of the 
Derbyshire coalfield. 
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ek Le ante 
ry i ed in this system at the 
close of 1875 was 3195 miles, while the com is either 

has obtained concession for a r i 
When these new lines are completed, the 
i The directors are also 
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CONSTRUCTED BY THE SAVILE-ST. FOUNDRY AND ENGINEERING COMPANY, SHEFFIELD. 





























cast on them a transverse projection J', this 
projection or rib being undercut on each side 
and chilled at the top. Against this rib 
abut the movable faces J* and J5, these 
faces being held in place by wedge-headed 
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We give above engravings of a new form of stone 
breaker designed and patented by Mr. C.{Hall, and now 
being constructed by the Savile-street Foundry and En- 
gineering Company, Limited, of Sheffield. As will 
be seen from our illustrations Mr. Hall’s stone breaker is 
similar in principle and mode of action to the Blake ma- 
chine, but it includes some important modifications of 
detail. Thus in the first place the movable jaw, instead 
of being made in one piece the full width of the fixed jaw, 
is divided into two, each half that width. The two 
movable jaws JJ thus formed are driven by separate 
toggle levers and eccentrics, so that they make alternate 
strokes. One result of this arrangement, of course, is to 
greatly reduce the strain on the framing, &c., the width 
of jaw which is crushing at any one time being reduced 
one-half, while the eccentrics being placed opposite each 
other, they together with the connecting rods and toggle 
levers are balanced. 

The alternate movement of the two jaws is also turned 
to account to draw back the jaws, the india-rubber 
spring which is used for this purpose in the Blake ma- 
chine being dispensed with. Thus the drawback rods X 
are coupled to a cross lever Y mounted on a stout under 
framing at one end, the forward movement of one jaw 
thus drawing back the other and vice versd. 

The machine is also fitted with an arrangement of 
eubing jaw, invented by Mr. Hall. Referring to our 





engravings, it will be seen that the movable jaws have 

























bolts at the top and bottom respectively, so 
that they can be readily tightened if neces- 
sary. One object in this arrangement is to 
reduce the expense of replacing the working 
faces, it being found that the lower parts of 
the jaws wear much faster than the upper 
portions, and hence provision has been made 
for replacing these worn lower parts without 
interfering with the portions above. 

The fixed jaw is also made with two sets 
of faces, the upper set being of wider pitch 
than the lower, and being so arranged with 
respect to the movable jaw that the teeth of 
the latter work opposite a space in the fixed 
jaw. In the lower parts of the fixed jaw, on 
the other hand, the pitch is finer and the 
teeth are directly opposed to the teeth of the 
fixed jaw, as shown in Fig. 2. Between the 
two sets of faces of the fixed jaw is an en- 
larged throat or space P, this enlargement 
giving the stone a chance of turning over 
in its descent’ so that the blows are not re- 
ceived all on one side. Mr. Hall claims for 
this mode of constructing the jaws an im- 
proved cubing action, and a reduction of 
waste, and the arrangement promises well. 

The machine we illustrate is mounted on 
wheels, the fore axle being arranged so that it can be 
locked round without the fore wheels striking the fly- 
wheels. Altogether Mr. Hall’s improvements have evi- 
dently been carefully thought out, and we shall probably 
have more to say of his stone breaker hereafter. 








SHARPNESS NEw Docxs.—Thehalf-yearly meeting of this 
comqeny, was held at Gloucester on Wednesday afternoon. 
Mr. W. C. Lucy, ¢ » presided. The report stated 
that the policy entered upon by the company, when in 1870 
they app or powers to extend their works, had during 
the past season begun to bear some of its expected fruits. 
The deficient grain harvest and the limited stocks of wood 

had induced large imports, and Gloucester had had 
its share of the increased trade, the grain and wood im- 
ports having shown an increase in the last half-year of from 
40 to 45 per cent. over the average of the ew three 





correspo! -years. That this had been entirely 
o to the company’s new works was shown by the fact 
that the great of the come in vessels too 


l. brought forward, was 11,315/., which 

e company to pay a dividend of 2} per cent. for 

the half-year, or at the rate of 5 per cent. per annum, 

forward 37201. The report was unanimously 

ado} ; and the meeting having been made special, a 

ution was agreed to authorising the company to join 

with the Midland and Severn and Wye Railway Companies 

in guaranteeing interest on 75,0001. proposed to be borrowed 
on mortgage by the Severn Bridge Company. 


lange te wee at the old works. The balance of revenue, 
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BLAST FURNACE TUYERES. 


On the Open Spray aye and other Blast Furnace 
wyeres.* 
By Mr. Francis H. Luoyrp, of Wednesbury. 


Tue practice of blast furnace engineers and rs, 
as to the dimensions and shape of the tuyeres they et 
varies greatly in different districts; but until recently 
the tuyeres in use, since the introduction of hot blast first 
necessitated a water tuyere, may be classed under two 
heads, namely the coiled tuyere and the water jacketted 
tuyere. Various tuyeres on both systems will be briefly 
noticed ; but the principal object of this paper is to describe 
the open spray tuyere invented by the writer, for which im- 

rtant advantages over either of the systems previously 
in use are claimed. 

The coiled tuyere is generally made of a coil of wrought- 
iron tube embedded in the sides of a hollow cone of cast 
iron. Sometimes the coils are wound close at the nose of 
the tuyere, in order more effectually to prevent the cast 
iron from burning; and sometimes the tuyere itself is 
ay entirely of a coil of tube, closely wound from end 
to end. 

The water jacketted tuyere is generally made of wrought 
iron, and consists of two conical tubes of different diameter, 
connected at each end by rings of wrought iron welded in, 
so forming a space between the two concentric walls of the 
tuyere, which is filled with water supplied under pressure, 
and generally brought in through a feed pipe at or near 
the bottom of the tuyere, and allowed to escape through a 
second pipe in the upper side. 

Tuyeres of this description are illustrated in the diagrams 
exhibited, as is also the gun-metal tuyere, on the use of 
which a paper was read before this society in the year 1865 
by Mr. Solly, who first introduced tuyeres of this descrip- 
tion. 

A water jacketted tuyere, of a kind which is very much 
used on the Continent, is made of wrought copper, the 
inner tube being brazed in, and a wrought-iron ring either 
brazed or rivetted in at the rear end. 

Phosphor-bronze tuyeres are generally fixed in a cast- 
iron casing or box, beyond which they project into the 
furnace for the greater part of their length, and they are 
so arranged that they can be turned round in the cast-iron 
plate or box in order to expose a different side of the tuyere 
to the action of the materials in the furnace. Greater 
durability is claimed for ae eon than for gun- 
metal or copper, but each metal possesses the same advan- 
tage of preventing adherence of slag, scoria, or iron to the 
nozzle of the tuyere, which is the only object to be gained 
by the use of copper or its alloys in preference to iron. 
Additional precautions as to water supply have to be taken 
where such metal is used, as, owing to the low temperature 
at which it melts, a tuyere may be more rapidly es 
than an iron tuyere where any overheating is possible ; but 
under favourable conditions both -metal, copper, and 
phosphor-bronze tuyeres have been found very durable, and 
the advantage gained by keeping the blast nozzle always 
clean and fully open is an important one. 

A modification of the wrought-iron water jacketted 
tuyere has been introduced by Mr. Hodgetts, in which the 
supply pipe is made to deliver its water round the nose of 
the tuyere through a series of perforations, and the 
water is made to flow round the tuyere casing by a fillet 
placed on the inner tube, as shown in the drawing. T 
tuyere, like the ordinary water jacketted tuyere, is close at 
the back, and is kept full of water. 

The open spray tuyere invented by the writer of this 
paper consists of two concentric conical tubes, closed at 
the nozzle but open at the rear end. The water supply is 
connected in the usual manner with a flexible hose, and 
various systems of spray pipes are used to suit various 
shapes of tuyeres and various conditions of water supply. 

One form of spray pipe consists of three wrought-iron 
tubes slightly flattened towards the point, and in some cases 
shaped or bent to suit the shape of thetuyere. These three 
tubes are joined by a wrought-iron filling piece, which is 
connected by a fourth tube with the water supply. The 
spray pipes are made either of wrought iron, brass, or 
copper, and a sufficient amount of water is allowed to escape 
through small holes or slits in the spray pipes to protect 
every part of the tuyere casing which is exposed to the heat 
of the furnace. In oneof the diagrams exhibited the spray 
pipe is shown with the two side pipes bent back and plugged 
at the ends with wooden plugs, which may be removed 
occasionally if it is thought desirable to clear the spray pipe 
from any sediment. The spray or jet of water from eac 
hole in the spray pipe spreads over a considerable surface, 
and a small number of holes is, if they are properly placed, 
sufficient to keep the whole interior surface of the tuyere 
casing constantly wet. Scarcely any steam is visible, and 
the waste water passes away, after cooling the tuyere, at a 
temperature little exceeding that at which it entered, unless 
a large portion of the tuyere is exposed to violent heat, in 
which case the temperature of the waste water is certainly 
no greater than it would be from a tuyere of the old system 
placed under the same conditions. The spray is principally 
directed to the nose end of the tuyere and beats back to 
some extent on the top and sides, which are also a 
by a sufficient number of additional sprays from holes drilled 
in the spray pipes. The water falls round the sides and end 


of the tuyere and escapes from the back through the waste | manage 


water pipe, as shown in the drawing. 

The same amount of water which is used in water jacketted 
or coiled ae is found amply sufficient to protect spray 
tuyeres, and it is only in exceptional cases that it is found 
desirable to use more water than would be required by other 
tuyeres. It is possible to protect the tuyere by this system 
with less water than is required to protect a coiled or close 
water tuyere ; but in most cases where these tuyeres have 


_* Paper read before the Institution of Mechanical En- 
gineers at Manchester, on the 25th ult. 








all durable than t ose previously used. 


his | tuyere naked and ex 


been adopted no change whatever has been made to the con- 
nexions regulating the amount of water supply. 

In cases where tuyeres on the old system are durable, 
these are found to be equally so under the same conditions ; 
but where tuyeres on the old system have been giving con- 
siderable trouble and lasting only a few days, or at the most 
weeks, these tuyeres have in many instances proved far more 
tuy: uired al almost =, wn ar whe wan 

eres req renew: most every week, when coi 
were used, prey tuyeres have lasted many months. 

The durability however of these tuyeres, though now 
sufficiently proved, is not their main advantage. Like all 
others, any derangement or choking of the water supply 
will cause them to burn out ; and in common with all md 
tuyeres they are liable to some of the accidents which wi 
be referred to. It is under such unfavourable circumstances 
that the advantages of these tuyeres are most apparent. 
If a small hole be made in the side or end of the tuyere, 
either from “‘ drilling’”’ or stoppage of water supply, or any 
other cause, it is stiJl impossible for water to escape 
into the furnace. Frequently a tuyere that is heating 
may be saved by shaking or adjusting the spray pipe ; 
but even if the end of the tuyere is entirely burnt, 
it is still impossible for water to flow into the 
furnace, as the blast will at once escape through any apar- 
ture, be it small or large, and consequently blow back any 
spray through the open'end of the tuyere casing. If the 
hole is small and the damage is detected in time, the ad- 
justment of the spray pipe will often cause it to iron up. 

f too large for this, there is still no necessity for haste in 
removing the tuyere, as the escape of blast through the 
a drives back the spray and prevents the possibilit 
of any harm or danger, such as would result from the fall 
of = water ons e furnace tt ‘ sail the 

en a spray tuyere is , it can generally be re- 
paired after removal by welding a small piece of iron on the 
damaged part ; or in;the case yok pp or copper tuyeres, 
a piece may be tapped or brazed in and the tuyere made as 
good as new, at a very trifling expense. 

The principal causes of injury to water tuyeres of all kinds 
may bo Speer iF es : nila 

1. The stoppage of supply pipes incrustation, or 
from the deposit of mud, shells, dirt, m1 vegetable matter 
accumulating in the tank or reservoir from which the water 
supply for the tuyeres is obtained. 

2. ‘* Drilling,” caused by the constant dropping of metal 
or slag on an exposed part of the tuyere, which in the course 
of time forms a hole in the surface exposed to it. Where a 
defect arises from this cause, it will be found in the upper 
side of the tuyere. ‘ Drilling’ is also caused by molten 
metal or slag attacking the nozzle and the lower 
surface of the tuyere ; this may arise from the defective 
working of afurnace, where the contents of one side of the 
hearth have become prey solidified, and there is no 
regular fall or ‘‘sink’” of materials. In this case the 


molten metal or s!ag being unable to get away, the action | used 


of the blast may cause it to beat back against the nose or 
lower surface of the tuyere until the continued action drills 
or burns a hole in it. 

8. A third cause of destruction to tuyeres, which is more 
readily capable of explanation, arises when the materials 
in the furnace are so dense as to prevent the blast 
ascending freely, causing it to fight round the tuyeres, de- 
stroying the stopping, and,leaving the greater part of the 
to heat, which under such 
circumstances is usually intense round the tuyeres. A close 
tuyere, fed in the usual manner, when exposed to excessive 
heat, will sometimes refuse its full supply of water, either 
from the generation of steam in the tuyere, or from some 
other cause, and this may cause the tuyere to burn, and 
tlms allow the escape of water into the furnace. 

4. Slips of material after a furnace has been hanging 
will sometimes destroy or blind every tuyere in a furnace, 
by the fall of solid material on them or in front of them. 
Accidents to tuyeres from this cause have not unfrequently 
caused severe explosions. 

5. Another cause of injury to tuyeres, and of great 
danger where close tuyeres are used, arises from the slag, 
or in some cases the molten metal, rising up to the tuyere 
level. This may happen from neglect of the workman to 
open his furnace in time, or from having a hard tap so as 
to delay the running of the molten metal at casting time. 
In either case, or whether such a circumstance arises from 
any other cause, it is when damage to close water tuyeres 
has been occasioned by the rising of metal or slag to the 
tuyere level that the greatest danger from the escape of 


h “7, water into the furnace is to be feared. 


he leakage from a very small hole in a coil or close 
water tuyere, from whatever cause it arises, will in most 
cases rg nae by the heat of the furnace, and cause 
no further damage t a trifling loss of heat; but the 
same action that causes a small defect will very often 
increase the aperture before any leakage can be detected, 
and when leakage occurs from the lower side of a tuyere, 
it is not unfrequently difficult to detect by examining the 
blast opening in the usual manner. 

An instance of this has been brought under the notice of 
the writer, in which a coiled tuyere leaked, but — to the 
position of the defect no indications of leakage were found on 
examination of the tuyeres, all the tuyere openi i 
a perfectly bright and clear fire. ter a time the furnace 
r became convinced from other indications that 
1 was going on. He caused every tuyere to be re- 
moved, and the materials below a tuyere on one side of the 
furnace were found to be literall ing with water, and 
had to be raked out to a considerable th before fire 


could be found. What would have been the consequence 
if this mass of wet material had been forced into the molten 
iron below can only be guessed. 

Several accidents of a very serious nature have occurred 
from the use of water j is distri 


tuyeres in this district 
ber last year an 





within the last twelve months. 
explosion occurred i 


In 
resulting in the death of four men, and 
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in the following month the osion of a water re 
caused very severe injuries to men, of whom eight 
died either on the spot or within a short time > 
In the latter case the severity of the explosion was oc- 
casioned by the iron having been allowed to rise to the 
tuyere level through the carc!essness of the keeper in charge 
of the furnace. ‘Ihe tuyere which caused this explosion 
pk 9 ag mw redligs mae 2 Se hs hole, 
al in. in diam on the outer edge « 
Thea oh makes Fg 


circumstance it seem probable that a 
result would have occurred if a coiled tuyere had been in 
use instead of a water jacketted tuyere. 


_ Besides these fatal accidents, two others causing con- 
siderable Gamage te property, though fortunately not re- 
Iti s of life, have since been reported, both of them 
arising also from the explosion of water jacketted tuyeres. 
A simple and ious arrangement has been introduced 
for the purpose of detecting leakage when it occurs from 
any close tuyere. It consists of a water balance, which, so 
long as the same amount of water flows from the tuyere as 
is —— to it, is kept in ee, but the moment 
any leakage occurs, the equilibrium is disturbed, and by 
this means a whistle or alarm is sounded. This arrange- 
ment is said to answer well, and to give warning when a 
very slight amount of leakage occurs. The warni 
however, even if promptly acted upon, would not in 
cases prevent danger, as in the case of the destruction of 
a ay from a sudden slip in the furnace. 

e danger of accident from the causes alluded to is 
effectually prevented by the use of open spray tuyeres. 
Where incrastation is a cause of difficulty with other 
tuyeres, this system provides a complete remedy. The in- 
crastation, as it forms, can be seen from the open end of 
the tuyere casing; and it is only necessary to stop the 
water supply for a few seconds, or for a sufficient time to 
dry and slightly heat the tuyere, causing the incrustation 
to crack and fall off as soon as the water is again turned 
on. Ifitis but slight, the incrustation will very soon be 
washed away ; but if hard and thick, a repetition of the 
process once or twice will almost invariably remove it with- 
out damage to the tuyere. 

Stoppage of the spray pipes from incrustation, mud, or 
ae may occur, but is not more liable to do so 
than in the water connexions of other tuyeres, and in most 
cases the sediment escapes —— the spray holes without 
any of choking them. ith vegetable fibre or any 
large obstruction of course this cannot happen, and 
stoppage from these causes may result in the burning of a 
tuyere ; but owing to the open end any such sto; can 
be very ly seen, and may very often be somedied ore 
~ occurs. 

f an open spray tuyere drills, the blast at once escaping 
through the aperture prevents any water entering the 
furnace, and thus avoids the dangers, inconveniences, and 
loss of heat resulting from leakage where other tuyeres are 

R age to the open spray tuyere arising from any 
other cause is equally free from danger, owing to the fact 
that no body of water is allowed to remain in the tuyere, 
and that the spray is at once blown back through the open 
end in the event of any aperture being made through which 
the blast can escape. Another advantage of considerable 
importance arises from its being unnecessary hastily to 
remove any tuyere or stop the water supply where this 
system is adopted, as a tuyere if da from any cause 
may be kept in use without damage and generally without 
inconvenience until an opportunity occurs for stopping the 
blast and replacing it. 

Spray tuyeres have been made of wrought iron, ordinary 
cast iron, malleable cast iron, poner, and phosphor- 
bronze ; also of wrought iron with a nozzle of other metal. 
Open spray tu eres are now in use at about one-half of the 
furnaces in blast in South Staffordshire, and are bei 
adopted also in other districts. -The sizes already soppid 

r th from 10in. to 3ft., and in diameter from 
i 6;in. at the nozzle. No difficulty is found in 

apting the system to tuyeres of any size or shape. 

Ihe tuyere shown, 3}in. in diameter at the nozzle, and 
20in. long, is similar to a number now in use, and is 
about the size generally used in this district. The 3 ft. 
tuyere, 5in. in eter at the nozzle, is that now ad 
at the West Cumberland Iron Company’s furnaces. The 
6in. tuyere is the size supplied to some furnaces in the 
Cleveland district. The 4 in. tuyere of malleable cast iron 
is of dimensions by a firm in Derbyshire. 

The perfect « Of these tayeres is admitted by every 
one who has tried them, and in most cases they have been 
found more durable than tuyeres on the systems previously 
in use, whilst at the same time the saving in actual cost 
over a few months, as compared with other tuyeres, has not 
been inconsiderable. 


vary in 





AUSTRALASIAN TELEGRAPHY.—The New Zealand Go- 
vernment supports the proposal for a second cable line of 
communication with Europe, provided that it is com 
by a second line ae Australia ; but it regards a 
Pacific route as out of the question. 





Tue BritisH Iron Traps AssociATION.—The follow- 
ing letter has just been received by the secretary of the 


showing | ing 


British Iron Trade Association relative to the German iron 


import duties : 
66 ign Office, November 8, 1876. 
es an, Sota Earl of Derby to state to 
you, for the information of the British Iron Trades Ass.- 
ciation, that Her Majesty’s Ambassador at Berlin has re. 
ported that there is reason to believe that no 
caisting aotios on un cabateag sand that t 
exis uties on iron en ; these 
duties will consequently cease from the 1st January next. 
“T am, Sir, your most obedient servant, 
“ JULIAN PAUNCEFOTE. 
“The Secretary, British Iron Trade Association.” 
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OILs Af ccocsoccsccecee & 8 £ & 
, brown . 29 10 $2 0 
» Ppale..... - $3 © 33 «10 
= a . 86 o@ 86 10 
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Tue Frencu Navy.—The French Minister of Marine has 
Budget Commission that the French 

estimates for 1877 roy hy increased to the extent 

of 80, ,0001., as compared with 187: 


hinge to the French 





AMERICAN TELEGRAPHTC Proaress.—In 1866, the 
Western Union Telegraph Company owned 37,380 miles of 
_— in 1871, the net work of the company ‘pad risen to 


56,082 miles; and this year it has further expanded to 





10,646,077 ; and 


73,582 miles. There has been a constant increase in the 
number of telegrams forwarded by the 
this number was 5,879,282; in 171, 
1876, 18,729,567. 
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a protosalt, so that a small amount of protochloride | and is then drawn off to be precipitated. The 
THE HUNT AND DOUGLAS COPPER of iron by the aid of sulphurous acid may be made | residue is then washed with water. bout 5 in. of 
PROCESS. to convert a large = of copper into dichloride | water let in on it will separate the i 
By T. Eaueston, Pa. D. soluble in brine. A hundred gallons of the ge pro- | solution completely. It is taken out through a tra 
(Concluded from page 420.) tochloride solution used at Knob holds 50 Ib. of | 8 4 uare in the bottom of the tank, and is carri 
to - 


3. Solution of the Ore.—The solution of the proto- 
chloride of iron is usually made of protosulphate of 
iron, the copperas or green vitriol ct commerce, and 
common salt, as these substances are those most 
easily had. The equivalent weight of copperas is 
139, that of salt is 58.5, that of copper is 31.7, that 
of iron is 28. 

To chloridise three equivalents, or 95 Ib. of copper, 
in the state of protoxide, two equivalents of proto- 
chloride of iron are required. This is produced 
from 280 1b. of copperas and 120 Ib. of salt dissolved 
in 100 imperial gallons of water. This solution 
should convert one-third of the copper into proto- 
chloride, and two-thirds into dichloride, which is 





equivalent to 98.9 lb. of dichloride ; as the dichloride 
L. Screen, 


copper in solution. Itis not, however, desirable to 
make it so strong, as there is a risk that the dichloride 
of copper will be deposited as the liquor cools. The 
best strength is about 30 Ib. 

The arrangement of the solution plant at Phoenix- 
ville is shown in Figs. 5 to 9, and co mds gene- 
rally with that of Ore Knob, where the tanks used 
are round and have conical bottoms. They are 
capable of treating 3000Ib. of roasted ore in 24 
hours. There are eight such tanks and their dimen- 
sions are : 

Thickness of staves 
Capacity in liquid ns. 


7 to 8 ft. 
5 ft. 





~* ene aerre |) I 
These tanks are bound with hoops 3 in, wide, and 









A. Roasting Farnace, Doors, 4M. Corrash Rolls, oa , Ore Hopper; 
B. Duischargag Gallery, WV Ash Pit, W String Tank, : 
Cc. ; Hole, = O.Pamp Tank, . X Waga, ot 

D Charging Hopper. P. Precipatating Tanks, ; . 2 

E. Endless hain. 








Sa ° Ore. 
~ abe aie fer Coarse Ore. 
A. Hoppe Shr Coarse Ore: 
y ; Ore 
X Roll Hopper 
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g hoppers, where a portion of adhering 
copper is recovered. The slimes are allowed to ac- 
cumulate in the settling tanks until they are half 


full, when they are washed with the solution, and. 


then with water, until they contain only } per cent. 
of copper. This residue from the magnetic ores at 
Phoenixville is sold for lining puddling furnaces. 
There are twenty settling tanks at Ure Knob 
whose dimensions are 
Diameter ooo ee oe «» = 10 ft 
Thickness of stoves .. 0... sin, 
All of these tanks cost about 60dols. each. They 
are set at different levels for greater ease of dis- 
charge, and generally occupy two floors. 
If the ore is coarse, that is will just pass a sieve 
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is not soluble in water, a solution containing 200 Ib. 
or 20 per cent, of salt, which is more than enough to 
dissolve the dichloride present, is added, The com- 
position of the bath will thus be: 


Salt... sae ne me oa 
Copperas ion os ia ahs 280 ,, 
Water ... ia iio 100 gals. 


Such a solution is capable of dissolving 90 lb. of 


copper. 

Pit is more convenient to prepare the proto- 
chloride of iron in any other way, an amount of it 
containing 56 lb of iron may be substituted for the 
above. The power of the brine to dissolve the 
dichloride increases with the stren of the solu- 
tion and with the temperature. It has, however, 
been found by experience that it is better even for 
rich ores to use a weaker solution, capable of dis- 
solving not more than 50 lb. of copper, and to dilute 
even that when poor ores are 
* The strength of the solution in iron must be de- 
termined from time to time, as there is a small loss 
of chlorine from the formation of oxichloride of iron. 
This need, however, never exceed 12 per cent., and 
if the solution is kept from contact with the air it 
may be made much less, and may be almost wholly 
prevented by conducting the sulphurous acid from 
the roasting furnace ugh or over the liquor, 
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during the rocess of solution. The insoluble ses- 
basic persalt isin this way converted into 


quioxide or 
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} in. in thickness ; they are charged with 1500 gallons 
of the solution, which is introduced by means of 
rubber hose, which discharges on to a wooden float 
so that the liquid shall not make a depression in the 
ore, and thus prevent equal percolation. This fills 
the tank two-thirds full. The tank is closed 
with a closely fitting cover, and the solution is kept 
at 160 deg. Fahr. by means of steam. The mixture 
is agitated by means of two oblique blades fastened 
to a vertical shaft, and turned by means of bevelled 
gearing, as shown in the drawing. These arms 
come within 1] in. of the sides, and 12 in. of the 
bottom, which is made conical, to prevent the ore 
from collecting in the centre of the tub around the 
shaft, With twenty-five turns a minute, and the 
tank three-fourths full, 1} ton of ore can be kept 
in suspension in a little over three tons of liquid, and 
when allowed to settle will fall free of the blades of 
the stirrer. When the ore has been properly roasted 
it is all dissolved out, after six to eight hours of 
agitation... When the assay shows this to be the 
case the liquor is allowed to settle in the tanks for 
four hours, The clear liquor is then drawn off with 
a hose into the precipitating tamke. The turbid 
liquor near the bottom is drawn off into settling 
tanks. Both of these tanks are closely covered. 
The residues in the solution tanks are washed first 
with a portion of the hot strong solution and then 
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with a weaker one, The liquor is allowed to settle, 
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of 15 to the inch, and contains nothing which will 
make a mud, it can be treated on the filter placed in 
a wooden or masonry vat, which need not be more 
than 3ft. high. This filter is made of from 2in, to 3in. 
of quartz pebbles or coke placed on a false bottom 
filled with holes, or simply piled on the bottom. 
This is covered with from 2in, to 3 in. of sand, and 
over this canvas. The ore is placed on this to the 
depth of about 15 in. and sometimes 2 ft., according 
as it is finer or coarser on the filter. This method is 
much preferable when it can be adopted, although 
the operation is slower, as the solution of the copper 
takes place for the most part in the midst of the 
charge, and away from contact with the air a larger 
portion of dichloride of is formed and less 
iron is lost by oxidation, ere is also no occasion 
for settling tanks for washing the slimes or for 


ery. 
When the ore is an oxide or contains the car- 
bonates of lime or magnesia, it should be treated by 
stirring, and sulphurous acid from the roastin 
furnaces, or from special generators, be intvodinae’ 
on one side of the tank by means of an earthenware 
tube which enters the cover’on one side, the excess 
of gas being discharged from a wooden tube on the 
other. Care should be taken to introduce the gas 
as little mixed with air as possible. This introduc- 
tion of gas will not generally be necessary, for 
unless the quantity of carbonates is large a careful 
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roasting will yield sulphate of age nd enough to 
gyre for the loss of chloride of iron. 
e 


solution of the ore might be made cold, but | are r 


the heat accelerates the solution, and as celerity is 
very desirable, both on account of economy of time 
pes’ f material, the solutions are always heated by 
steam from-120 deg. to 180 deg. Fahr. The heated 
iquid will flow through the ore with but little loss 

heat, which will be kept up in the precipitation 
tanks by that generated there, so that if all the 
tanks are well covered it will only be necessary to 
heat the liquid in the store tank, and if care be 
taken to leave the liquid in the rn itating tanks 
until all the copper is out, the liquid in the store 
tank may be heated by a steam coil. 

By the introduction of steam and from washing, 
the waters accumulate, and the solution becomes 
too dilute. This can be evaporated on the upper 
hearth of the three hearth roasting furnace, in 
which a pan can be readily constructed. An eva- 
porator of 100 square feet constructed in this wa 
will easily evaporate 4in. of liquid in 24 hours, If 
this cannot be done, large shallow tanks can be 
made so that the whole of the waste gases from the 
furnace may pass over the liquid. 

In Davidson County, N.C., the strong and weak 
solutions from the solution tanks are kept separate, 
and are treated separately, thus avoiding the dilu- 
tion of the liquors. It is proposed to concentrate 
them by blowing hot air underneath the brine, 
which can generally be economically done, 

As the dichloride of copper yields two equivalents 
of copper for one of iron used, it may in some cases 
be advantageous to transform the whole copper into 
dichloride, which can be done by causing the heated 
copper solution to filter out of contact with the air 
through a layer of 3 in. to 4 in, of copper matte, or 
ofa rich sulphurous ore such as purple copper. 
The copper is rapidly dissolved by the protochloride, 
the whole being converted into dichloride. This 
action of the protochloride dissolves out any un- 
roasted sulphuret remaining in the roasted ore, and 
also chloridises and dissolves out any silver that may 
also be present. A very small amount of proto- 
chloride of iron may in this way be made to convert 
a very large quantity of copper. As the cooling of 


the liquor causes a large quantity of dichloride to 


deposit the same, brine may be used a number of 
times to dissolve the dichloride. If the dichloride 

recipitated in this way is wet with the salt solution, 
it is rapidly reduced by contact with metallic iron, 
giving protochloride of iron and metallic copper, 
one part of iron giving two of ~ 

4. Precipitation by Iron.—The heated liquor from 
the solution tanks is run through troughs to the 
} rae pari - tanks, where the copper is thrown 

own with iron, There are twelve of these tanks at 

Qre Knob, whose dimensions are : 
Depth ... ese At ~ 
Thickness Of staves ... bat ove Sin. 

Into these tanks 1200 lb, of scrap iron, placed on 
shelves or racks of wickerwork near the top and 
bottom of the tank, are charged. Wrought iron is 
always preferable to cast iron, both because cast 
iron leaves a residue of graphite and of sand if the 
iron is not clean, thus rendering the cement 
copper im , and because it is less rapid in its 
action. he cement copper is also much more 
readily removed from wrought than from cast 
iron, At the end of from 15 to 18 hours there is 
but a trace of copper in the liquor. It is then 
drawn off and pumped up into reservoir tanks, to 
be used on a fresh quantity of roasted ores. The 
cement —- is left in the bottom of the precipi- 
eo tanks until four to five tons have accumu- 


The average amount of iron required to produce 
the precipitation is 70 per cent., or 1400 lb. of iron 
for a ton of copper, which is much less than that 
ordinarily used in the reduction of cement copper. 
In the ordinary wet method for th» extraction of 
copper the solution is y acid, so that the for- 
mation of a considerable portion of both soluble and 
insoluble persalts, both of which consume iron to 
no purpose, cannot be avoided. As it is n 
to leave the iron in the solution for several days in 
order to effect the capnaeiion of the last traces of 
copper, there is another formation of ts and 
another waste of iron, more especially if the liquid 
is exposed to the air. This has the double defect 
of consuming a quantity of iron and rendering 
the cement copper impure. 

In theory 88.3 parts of iron are required to preci- 
pitate 100 parts of copper from a protosulphate or 


12 ft. 





protochloride solution ; but in practice two to three 
times this amount is required; 44.1 of iron 
uired to precipitate 100 parts of copper from 
a dichloride solution, If the amount was exactly 
half and half, it is clear that 66 parts would be re- 
quired. In the Hunt and Douglass process there 
are no persalts present, and their formation can be 
to a great extent prevented. If the solution has 
been made from protoxide ores only it will contain 
three equivalents of copper combined with two equi- 
valents of chlorine, and it will require 59 parts of 
iron for 100 of copper. 

If for any reason there is a greater amount of 
dichloride present, the quantity of iron will be pro- 

ortionately less, as the dichloride ae only 
Seste-Gen parts of iron for one hundred of copper. 
As the waste liquors are used over again, there is 
no necessity to remove the last traces of copper, 
unless the store tank is heated byasteam coil, which 
is not always desirable, and as the time of exposure 
is short there is a comparatively small amount of | 
loss by oxidation. If the air has been kept from | 
the liquor, the bath, after the precipitation of the | 
copper, will be nearly as rich in protochloride of | 
iron as before; some oxichloride is formed which | 
causes a loss of chlorine. This last may be supplied 
by adding protochloride of iron, by forming sulphate 
of copper in the roasting of the ore, or by the use 
of sulphurous acid free from air, For the last two 
cases the quantity of iron in the bath must be 
determined. As the solution, when agitation is 
used, can be used at least once every twenty-four 
hours, the loss in heat is very slight. 

The tanks for the three operations are at different 
levels, so that the liquor flows from the solution to 
the settling, and from there to the precipitating 
tanks, It is then filtered and dischar; into a 
tight vessel, from which it is pum into the 
solution tanks again. No iron or copper fastenin 
must be used in any of the vessels where they oe 
come in contact with the copper solution. The 
cement copper is washed and dried without any special 
precaution. It generally contains from 75 to 85 per 
cent, copper, the remainder being chiefly peroxide 
of iron and fine particles of gangue. It can be 
made purer, and has been made as rich as 96 per 
cent., as the following analysis shows: 

Copper... ede soo ove ove ‘ 

ee a 
Protoxide of iron 
Chloride of iron 
Chloride ove ove 
Sulphuric acid ais 
Silicic acid and gangue 
Graphite ee ove ose see 
Other impurities—soda, oxygen, &c. 





100.00 

4. Refining the Copper.—The cement copper is 
allowed to remain in the precipitating tanks until 
several tons have accumulated. It is then taken out 
and washed with water, and dried at a gentle heat, 
The solvent being a neutral one the copper is free 
from the ordinary impurities, and instead of fusing 
it with sulphurous ores to make blister copper, as is 
ordinarily done, the Revere Works of Boston, 
which purchased the chief part of the product for 
the Ore Knob Works for the last half of the year 
1874—about 200 tons—melted it down to fine copper 
without addition, and in a single operation. 

It will generally be found advantageous to mix 
the cement copper with 1 to 2 per cent. of coal dust, 
and compress it into bricks, so that it can be more 
readily handled. The cost of doing this is small, 
and the advantage gained more than compensates 
for the time and trouble. 

The cost of conducting the operation in Davidson 
County, .N.C., not including the cost of mining and 
dressing the ores, and the power required to drive 
the machinery, is given below. estimate is 
based on the daily treatment of 2] tons of 2000 Ib., 
yielding 5.5 per cent, 

dols. 
7 cords of wood at 1 dol. 7.00 
21.00 


21 men at seven furnaces atl dol. 
4 men c i furnaces and 


tanks at 
‘ ‘Scents... po ait wee sore 
Mideak Mt deals 400 ear ct 
2 men tending tanks at 1 dol. 
Chemist on in laa 
525 Ib. of at ¢ er ose 
at 2cents ... 
. Total 

or 33 cents per pound. 
The total expenses of the at Ore Knob 
Of this 





1470 Ib. of i 
process 
is 8 cents. per pound including all costs. 


nearly 2 cents is for scrap iron, an exceptionally 
high fi , owing to the expense of transporting 
it 45 miles over rough mountain roads. The amount 
produced in six months of 1874 was cement equal to 
400,000 Ib. of fine copper. 

This process is generally applicable to all ores of 
copper. It has been found, however, that certain 
classes of rich ores are better treated in the dry 
way ; thus at Ore Knob a black partially decomposed 
ore is mined, consisting mainly of chalcosite and 
chalcopyrite containing in the average 25 per cent. 
of copper, which yields very easily to treatment, but 
which produces so large an amount of slimes from 
the precipitation of ferric oxide that it was not easy 
to treat them economically, and they are now 
treated in a shaft furnace, and only the low grades 
of yellow ores are submitted to treatment in the wet 


way. 
The advan of this method are that when 
roperly applied there is no consumption of anything 
but iron for precipitation and a little salt to supply 
waste, and that the proportion of iron used to pre- 
cipitate the copper is much lees than is ordinarily 
used The amount of fuel used is small, and no 
skilled labour is required in any part of the process 
except for roasting. 

It can be used on all kinds of ores, and may 
probably be applied with advantage to the extraction 
of native copper, which is very often found in fine 
particles scattered through a gangue, providing it is 
submitted to a previous oxidation. ‘The presence, 
however, of any considerable quantity of carbonate 
of lime in the ore would prevent the use of the 

rocess, for the carbonate of lime, although without 
irect action on the protochloride of iron, attacks 
the protochloride of copper with separation of 
oxichloride, which reacts on the protochloride of 
iron as oxide of copper would, precipitating the 
iron and thus indirectly weakening the bath. 
When the amount of carbonate of lime is small, 
however, it may be compensated for by the use of 
sulphurous acid. 

The same is true of the oxides of zinc and lead 
which are often present in roasted ores. These 
cause the precipitation of green insoluble oxi- 
chlorides of zinc, lead, and copper. The copper is 
dissolved by the protochloride of iron, but the 
—" is consumed by the chlorides of zinc and 

ead. 


NOTES ON GAS MAKING.—No. II. 
By R. H. Patrerson. 
On KeEepine Gas mx Contact with Tar. 

I Know of no equall t+ department of pro- 
ductive industry in which so little exact or cor- 
rectly - determined knowledge exists as in gas- 
making, or in which so many erroneous notions 
have prevailed, obtaining currency one hardly knows 
how, yet allowed to float about without any attempt 
to determine their accuracy. Some of these 
notions arise owing to mistaken inferences being 
drawn from ordin facts, showing a lack of the 
logical faculty ; while others are without any basis 
of fact at all, mere empty notions, which some pro- 
minent person in the gas world starts and which 
straightway are taken up by others as accepted 
truths. I could mention half a dozen of those 
erroneous notions or beliefs, not born of old times 
when errors were excusable, but all of recent date, 
and some of which I may have to deal with by-and-by. 
For the present I address myself to what I call the 
‘“‘ fashionable” doctrine, held by some of the ¢/ite of 
the gas world, in favour of ae the gas in con- 
tact with the tar, as a means of increasing the illu- 
minating power. The question, be it observed, has 
nothing to do with a gradual cooling of the gas, 
which is a right and easily attained object, and 
which is attained quite as well by the old and ordi- 
nary process of drawing off the tar into the tar-well 
as soon as it is deposited, The new idea relates 
solely to the mode of dealing with the tar, prolong- 
ing its contact with the gas in the belief that this 
will increase the illuminating power. This is not a 
merely theoretical, but it is a highly practical ques- 
tion, for the doctrine has recently been adopted in 
some gas works, and special condensing apparatus 
employed for prolonging the contact between the 
gas and the deposited tar. 

This doctrine was first practically adopted at 
the Beckton Works of the Chartered Company, 
where everything was to be of the newest and 
best kind, All the improvements that had been 
arrived at in the long antecedent history of gas 
manufacture were there to be put in operation, 
and no money was spared to the apparatus 
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and processes there Ya a model for the gas 
world, Undoubtedly the opening of these large 
new works marked an era in gas- in. this 
respect, that the methods and apparatus there 
employed gauged fully and plainly the greatest.ex- 
tent and highest amount of knowledge which (at 
least as it seemed to Mr. Evans) had been attained 
in gas-making. The result, it must be allowed, both 
as regards ee and processes, was nota flatter- 
ing one for the science of gas manufacture, for it 
registered, and put in a prominent manner before 
the world, a pretty long series of errors. 

It was at Beckton that the new idea of prolong- 
ing the contact between the gas and the tar was 
first practically applied, and with the object of pro- 
ducing gas of a high illuminating = cheaply. 
With this object a great length of large pipe was 
placed underground. This also was a new idea, for 
no one had ever before thought of employing so 
strange a mode for cooling gas. The result, as 
might have been foreseen, was an entire failure, be- 
cause the depth of earth in which the pipes were 
buried prevented any radiation of heat, such as takes 
place when the pipes are exposed to the air in the 
ordinary manner ; and so this underground process 
had to be abandoned, 

Nevertheless, the notion of which I am speaking 
has lived on, ‘The mode of applying it at Beckton 
was acknowledged to be abs in conception, and 
had proved practically unworkable ; but the idea 
itself, namely, of the advantage to be derived from 
keeping the gas and tar in contact, has become even 
more prevalent. The best known apparatus de- 
vised for carrying out this idea are the hori- 
zontal condensers, wherein it is claimed as their 
special merit and novelty that the tar, instead of 
being withdrawn from each length of pipe, as in the 
ordinary upright condensers, is retained all through 
the series of pipes, running from top to bottom of 
the slightly sloping and continuous pipes, and 
thereby kept as long as possible in contact with the 
gas. ‘The apparatus is described thus: ‘ It con- 
sists simply of a ‘ flat screw,’ along which all the tar 
and ammonia water passes along with the gas 
through the entire length of pipes, the object being 
not only to cool the gas, but to naphthalise it with 
the naphtha present in the tar.” This apparatus has 
been adopted at Beckton, doubtless because it pro- 
poses to carry out (certainly in a workable manner) 
the same object which Mr. Evans had tried to attain 
by his underground condensing apparatus. 

Now, is this notion right, or is it wrong? If the 
illuminating power be really increased ogee a 
the gas in contact with the tar, how is this result 
attained or attainable? Obviously there are only 
two ways in which this can take place, (1) either 
the gas must absorb a portion of the condensable 
illuminating elements which have previously, and 
immediately before, been deposited; or, (2) the 
presence of the tar prevents the gas from depositing 
those condensable elements, 

1. As regards the first of these ways, is it conceiv- 
able that the gas.as it becomes cool acquires a power 
to absorb or take up again the condensable elements 
which were deposited from it when it was hot? In 
Graham’s condensers, forinstance, thesame apparatus 
which has produced the deposit of tar and naphtha 
from the gas is imagined to have thereafter the 
opposite effect of replacing in the gas;the naphtha 
which only a few seconds before has been deposited. 
Since the gas could not retain this illuminating 
substance when it existed in the gas as a vapour, 
and while the gas was still warm, how can it be 
deemed credible that this condensable substance, 
after it has been deposited as a liquid, will thereafter 
become a vapour again, and reunite itself with the 
gas, when the temperature is lowered, and merely 
because the gas is beside it? That a portion of the 
tar ordinarily deposited may be converted into gas 
by some special process of distillation or by re- 

illation, is quite possible; and this was the 
peculiar object of Eveleigh’s patent gas—and others, 
too, have tried it, although not with commercially 
profitable results, But that any portion of the tar 
once deposited will thereafter, and within the same 
apparatus (i.c., the condensers), re-enter the cool 
gas from which it had parted company at a higher 
temperature, or that the tarry matter ia more likely 
to become permanent gas after it has become a liquid 
than when it existed as a vapour, is one of those 
ideas which to me are inconceivable. 

2. Now, then, as to the other idea on which a higher 
illuminating power may be thought attainable by 
keeping the gas and tar in contact, viz., that the 
presence of the tar tends to retain in the gas a por- 





tion of the oily illuminating matte¥ which other- 
wise would be deposited. This, I see, is the main 
basis of the recommendation to keep the gas and tar 
together, and is frequently advocated for the pur- 
pose of ‘‘ keeping in” the naphthaline. But. is not 
this second idea as wrong as the other? It is 
well known, at least to those who have tried it, 
that if gas be passed through tar or suchlike sub- 
stances, the result is a great reduction of the illumi- 
nating power. So far from the gas taking anything 
from the tar, the tar takes a good deal out ofthe 
gas—‘‘ takes the guts out” is the common phrase." 

This has been demonstrated by actual experiment? 
Indeed the passing the gas through tar was one. of. 
the many abortive experiments tried to get out..the 
sulphur in the form of sulphides of carbon ; and 
later, the passing the gas through charcoal was 
patented in April, 1872, with the same object, but 
with no better result. This charcoal process was 
tried, inter alia, at the South Metropolitan Works ; 
but it‘failed to absorb the bisulphide of carbon to any 
notable extent, doubtless owing to the fact that the 
charcoal, as applied according to the said’ patented 
process, was employed in solid pieces, which is the 
worst form in which any purifying material can 
possibly be used, seeing that only the surface of the 
material can be acted upon, and moreover that sur- 
face in this case is hard and not well fitted to act as 
an absorbent. But there was another difficulty 
which would of itself have proved fatal. Even if 
the charcoal had been active in its operation, it 
would have absorbed not merely the bisulphide of 
carbon, but the carbon in the gas indiscriminately, 
pro tanto destroying the illuminating power. To 
show the rationale of this effect of tar and charcoal 
upon gas, in connexion with the question which I 
am at present discussing, I may briefly allude to my 
experience when devising my new processes of gas 
purification. 

Purification (apart from condensation) depends 
entirely on bringing the gas in contact with sub- 
stances which have an affinity for the impurities 
which it is desired to remove. This affinity is of 
various kinds. Besides the remarkable affinity of 
water for ammonia, which is simply a fact, as yet 
unexplained by any chemical law, there are two 
other and wholly opposite forms in which this prin- 
ciple of affinity operates. One of these, which is 
well understood, is the attraction between acids and 
alkalies, or the affinity of opposites ; but there is also 
(as I have shown as a matter of 
portance in purification)* an affinity of similars, 
of like for like, ¢.g., of carbon for carbon, and 
sulphur for sulphur. It was by this new instance 
of the old saying that “like draws to like” that I 
was the first to offer an explanation of the occasional 
variations in the action of oxide of iron ers 
upon the sulphur in other forms than sulphuretted 
hydrogen, which variations were brought to light 
by the investigations of myself and colleagues in 
1870. Also, when devising a remedy for the 
sulphur difficulty, it at once occurred to me that, 
since I had clearly ascertained by experiments that 
sulphur attracts the sulphur element of the impu- 
rity (sulphide of carbon) carbon would similarly 
attract the carbon element. But it also became 
obvious to me that if I pnt to charcoal (carbon) 
as a means Of eliminating the sulpho-carbon impurity, 
the charcoal would act not merely upon the sulphide 
of carbon, but also upon the n in combination 
with the hydrogen, thereby reducing the illuminat- 
ing power of the gas. Accordingly I dismissed the 
idea, which, however, was subsequently patented by 
two officers of the Chartered Company—the result, 
as already said, being a failure. , 

Now, it is this action of carbon upon carbon 
which is specially to be kept in mind in the present 
question, It was upon this theoretic ground that, 
when incidentally alluding to the opinion in favour 
of keeping the gas and tar in contact (in the second 
edition of my ‘‘' Treatise on Gas Purification,” pub- 
lished in the spring of 1874), I warned my readers 
that the effect of this practice would probably be 
found the very opposite of what was believed, and 
that there would be a loss, instead of a gain; in 
illuminating power. In the following autumn, at 
the meeting of the West of Scotland tion of 
Gas Managers, Mr. wun Paisley, read a paper 
on the ‘‘ Absorption of the Iuminating Constituents 
in Coal Gas by the Heavy Hydro-Carbon Qils,” 
which strikingly verified the conclusion which I had 


® Vide “Gas Purification in London,” second edition, 
pp. 15, 16, and 48 to 50. tt 
+ Vide the 
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hea se Gna Referees’ ‘ First Report on the Sulphur 


arrived at. Mr. Young, it is true, made no refer- 
ence to the present question, nor to the bearing of 
his experiments on the practical work of paesekne. 
His brother-in-law, Mr. Cusiter, of Dalkeith, when 
experimenting to find a better material than water 
for gas meters, had tried glycerine, and subsequently 
mineral oil of .840 specific gravity, and he was 
8 d to find that the gas, when passed through 
meters. in which these su ces were used, lost 
if of its illuminating power. These oils were 
much lighter and more readily vaporised than coal 
tarsuch as is deposited in the condensers ; never- 
theless, without being passed: through them, but 
merely over them, the gas was seriously damaged. 
As another instance, and indeed a more striking 
one, of the absorption of hydro-carbons when gas 
is merely passed over a substance which, from its 
carbonaceous nature, has an affinity for them, I ma: 
mention the diminution \f /luminating power which 


occurs when is through india-rubber 
tubes, showing that even a solid carbonaceous sur- 
face has this absorptive action, 


Upon these grounds, then, I hold it to be a mis- 
take to prolong the contact between the and 
tar, and that the effect of this contact is the v 
reverse of the prevalent idea on the subject. Hold- 
ing this view, it may be thought that I regard 
Graham’s horizontal condensers as bad ones, but I 
do not. The object for which they were devised, 
viz., to prolong the contact between the gas and tar, 
I undoubtedly consider a mistaken one, but then it 
appears to me that the practical operation of these 
condensers in this respect is really no greater than 
that of the ordinary upright condensers—a point 
which I shall explain on another occasion, in 
connexion with condensers generally. 

As-a pendant to these remarks, I may call at- 
tention to the effect of the “ hydraulic seal” upon 
the illuminating power of the gas—a point which, 
so far as I am aware, has not hitherto been 
noticed, The hydraulic seal in ordinary practice is 
nothing less than a brief washing of the gas with tar. 
The liquor is allowed to remain so long in the hy- 
draulic main that the tar becomes so dense and 
hard as frequently to occasion actual stoppages of 
the dip-pipes, for which evil various remedies have 
been proposed ; and the bubbling of the gas through 
such a substance must undoubtedly fend to reduce 
the illuminating power. Indeed, I think it will be 
found that the advantage said to be obtained b 

ispensing with the ‘‘ hydraulic seal” is not so muc 


great practical im- | dispe 


owing to the cause usually assigned for it, viz., the 


of | removal of the half-inch of ‘+ water” pressure on 


the retorts, as to the avoidance of this brief tar- 
washing of the gas. 

In the hydraulic main the gas is so hot, and the 
ture. of the matter so high—often so 
high as 150 deg. Fahr.—that. the: effect of keepi 
tins igus anid ths in:petnbt inh ithin'staggo ill hue tenee 
less than if both of them were cool as in. the con- 
ome ve But still the bubbling of ee through 

deposited tar must promote an absorption and 
withdrawal from the gas of its carbon elements. I 
think, therefore, that every pains should be taken 
to keep the liquid in the hydraulic main as 
nearly as possible in the form of water, by con- 
stantly drawing off the tar, and supplying water 
when needed. By. this. means the, e 
the tar-washing on the illuminating power would be 
ose and ae —) Feows — different 
vantage wo’ gain use ressure On 
Se sot sei, dee, died 
wing o e tar promptly from the i 
main has. recently been /pretty Seeqnentie manaiee 
mended at meetings of the Gas : oe 


tions, with a view to prevent stoppages of the 

pipes, &c,, but I think these recommendations 

acquire additional force from this new motive, and 

from the.consideration which I have presented as to 

- effect ofa tar-seal upon the illuminating power of 
gas. 


COMPOUND SCREW ENGINES AT THE 
PHILADELPHIA EXHIBITION. 

WE have in several of our recent numbers published 
portions of a set of general and detailed engravings 
of the 800 horse power screw ae designed by 
the American Bureau of Steam Engineering, and 
sre at rig yo by the eons States Navy 

’ importance of these en » as 
sechaepoat American marine engine jaws 
somewhat large scale, and the completeness of the 
we are able 'to reproduce, warrants 


our devo ‘considerable: ¢ to them, and we 
Goinatare peopons' bo-Geenctie, thenttay dead In 
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DETAILS OF COMPOUND SCREW ENGINES AT THE PHILADELPHIA EXHIBITION. 
DESIGNED AND CONSTRUCTED BY THE BUREAU OF STEAM ENGINEERING, UNITED STATES NAVY DEPARTMENT. 





ENGINEERING of August 18th we published a two- 
engraving, together with other views on page 
50, showing the general arrangement of the engines 
and boilers in the vessel. From these illustrations 
it will be seen that the engines, which are of the 
return connecting rod type, are placed immediately 
aft of the boilers, the shaft having an inclination at 
about 1 in 31. The machinery occupies a space of 
ebout 16 ft. in length. There are in all eight multi- 
tubular boilers, four placed on each side of the vessel, 
the stokehole (8 ft. wide) —. fore and aft 
between them. They occupy altogether a length of 
40 ft., so that the total distance between bulkheads is 
about 56 ft. The vessel in which they are to be 
placed is a wooden sloop of 620 tons measurement, 
and the distance from the centre of the engines to 
the stern-post is 62 ft. 8 in. Between the crankshaft 
and the oo shaft there is only one intermediate 
shaft, which has three bearings. The thrust bearing 
is placed on the propeller shaft, just forward of the 
stern tube. set of four boilers has a common 
uptake, the two uptakes uniting and forming the 
base of a single telescopic chimney. 

The further illustrations contained in the two-page 
plate, published with our number of September 8, to- 
gether with the views on pages 206 and 207 of the 
same number, show the general arrangement of the 
machinery. The design is a somewhat peculiar one. 
The low-pressure cylinder has two piston rods cross- 
ing the shaft and a return connecting rod in the usual 
way. In the high-pressure cylinder, however, there 
was not room for the two rods, and the piston carries 
a central rod only. This rod is fitted with a cross- 
head made so as just to clear the crank when at the 
front of its stroke (Fig. 7). This crosshead is placed 
obliquel (ig. 10) and is guided in the framing at 
both ends. t is co with a crosshead of the 
usual construction by a pair of rads, and from this 
second crosshead the shaft is driven. The arrange- 
ment permits a longer stroke to be used with a 
given capacity of cylinder than would otherwise be 


possible ; it seems open to serious question, however, 


whether it would not have been wiser to use cylinders 
of larger diameter and less stroke, so that both 











Fig. 51. 



































might have been driven in the usual manner, and 
the intermediate crosshead, with its guides, &c., 
rendered unnecessary. 

Both high and low-pressure cylinders are steam 
jacketted and fitted with expansion valves. They 
are enclosed in a casing (Figs. 5 and 9) which serves 
as an intermediate receiver. The valve chests are 
as mae bolted to the sides of the cylinders 
and extended downwards so as to rest on the timbers. 
These castings are also bolted directly, along with 
the cylinders, to the framing. The form of the 
framing itself will be seen from Figs.5and6. The 
frames are open, they have single webs and broad 
cross feathers, and are adorned with a certain 
amount of moulding of a kind which finds more 
favour among American engineers than here, 
be seen from Fig. 6 and the section on the left of 
Fig. 10. The two forward bearings are of the same 
length ; the after bearing, however, is somewhat 
longer and the after frame a good deal stiffer than 
the others. 

The surface condenser and pumps are placed on 
the port side of the vessel. The tubes are horizontal 
and placed fore and aft, the condenser itself being 
a rectan chamber carried right over the main 
crossh and clear of them (Fig. 8), ro get 
only at the two ends. The casting which forms 
the guide for the ay perch crosshead contains 
alse the air pump with its valve chambers and the 
hot well, and carries the forward end of the con- 
denser. Similarly the casting which forms the 
guide for the low-pressure crosshead contains the 
circulating pump, and supports the after end of the 
condenser. 

The starting — is ro with the top of the 

linders (Figs. 6 and 10). ere is steam starting 
oad —— , which we shall afterwards notice 
more fully, and in addition to this separate hand- 
starting valves are provided for both cylinders 
Figs. and 7 : 

igs. 11 to 16 of the two-page engraving pub- 
lished with our number of September 29, show the 
high-pressure cylinder in detail. It is 34in. in dia- 
meter by 42 in. stroke, and is made 1} in. thick 





as will | P 


the intended initial pressure of steam being 80 lb. 
per a inch. It will be seen from the engray- 
ings (Figs. 13 to 15) that the working barrel is made 
in a separate casting. It is bolted to the main cast- 
ing ~~ ~~ end, and made tight at mine = 

y packing, the ing ring being p up y 
set screws fm Ay omg te to ‘ p by 
the cylinder cover when it is bolted up. The space 
left between the liner and the main casting is § in. all 
round, and this is used as a jacket. The main Casting 
is 1 in. thick, and is comaiened by acouple of ribs, 
The high-pressure cylinder is single ported, the area 
of each port being 33 that of the cylinder, and the 


volume of one port plus the clearance being equal to 
about 2.7 in. of the stroke, or, say, one-sixteenth 
the whole capacity of the cylinder. The area of the 


main steam pipe is about that of the cylinder, 


142 
the maximum opening of the valve being ar the 


area of the cylinder. The main valve works upon 
a separate face, secured to the main casting by 
screws (Figs. 12 and 14), The exhaust from the 
high- cylinder passes into the chamber 
which surrounds it and y surrounds the low- 
ressure cylinder also. e capacity of the chamber 
is about 73 cubic feet, or 3.3 times the capacity 
of the high-pressure cylinder. 

The low-pressure cylinder (Figs. 17 to 20) is 
51 in. in diameter, the ratio of areas of the 
cylinders being thus only 2.25. In general con- 
struction it is similar to the cylinder already de- 
scribed. Theliner is 1} in. thick, the main casting 
being still 1 in., the space for jacket being } in. 
The cylinder is double ported, the port area being 


ra that of the cylinder, and the volume of the port 


and clearance being about one-nineteenth of that 
swept through per stroke by the piston, or equal to 
2.2 in. of stroke, The maximum opening of the valve 


is also about ;-, of the area of the piston. Both 


cylinders are, as already mentioned, fitted with 
starting valves (see Figs. 12 and 13, and 18 and 19). 
The drain and relief arrangements for cylinders, 
jackets, and casing are shown in Figs. 14 and 20. 

The casings for the main slide valves are shown 
in Figs. 21 to 24, given in the two- engraving 
of our number of September 29, and on page 274 of 
the same number. Figs. 21 and 23 are vertical, and 
Figs. 22 and 24 horizontal sections of the high and 
low-pressure pr details of “vio. 35 _ _ 

igh-pressure cylinder are given in Figs. 
ot the two- ving which we give this week. 





The main valves ( 30 to 33), is of very much 


























Nov. 24, 1876.]} 


ENGINEERING, 





441 








HYDRAULIC PUNCHING AND SHEARING MACHINE AT TOULON DOCKYARD. 
CONSTRUCTED BY THE HYDRAULIC ENGINEERING COMPANY, CHESTER, FROM THE DESIGNS OF MR. R. I. TWEDDELL. 





the usual ‘construction, the ports being carried 
through to the back. The sides are prolonged above 
the expansion valves for the purpose of attaching to 
them a balance plate, as shown in the section of the 
cylinders, Fig. 9, on page 207 ante. It should be 
mentioned that the details of this arrangement and of 
some others, are shown a little differently in the 
general views and in the detailed drawings. The 
expansion valves act as simple slides the space 
between which can be altered by a right-and-left- 
handed screw cuton the spindle. The cut-off can be 
altered when the engines are at work by means of 
the small handwheel and bevel gearing shown at the 
forward end of the engines in Fig. 6. One of the 
two slides is made as a frame, sliding within the main 
slide (see Fig. 9), the other is a plain slide and is 
guided within the frame of the t. The main 
valve has ;% in. inside lap at each end, 17; in. out- 
side lap at the front, and }, in. at the back end. 

The main and expansion valves for the low-pres- 
sure cylinder are shown in Figs, 34 to 43 of our 
two-page engraving this week. They, are very 
similar in design to those of the high-pressure 
cylinder, the principal difference being that the 
are double-ported. The main valve is made wit 
lys in. inside lap at each end, ? in. outside lap 
behind, and ] in. in front. 

_ Figs. 44 to 50 show the details of the construc- 
tion of the pistons, the first three of these showing 
the low pressure, the rest the high-pressure piston. 
The pistons are packed with springs in a way not 
greatly differing from ordinary English practice. 
They are made up solid on the underside, however, 
fora much greater distance (} circumference) than is 
usual with us. The packing pieces are shown 
separately in Figs. 46 and 49. The pistons are made 
of exceptionally thin metal (} in.), and to make up 
the strength of the larger one it is stiffened by a 
network of feathers (Fig. 44). The disadvantages of 
such a construction are obvious enough—what is to 
be gained by it does not appear. The high-pressure 





(For Description, sce Page 446.) 


piston is also stiffened in an extraordinary way b 
cylindric struts. cast across it (Figs. 47 and 48). 
It does not appear that in either case the metal is 
disposed in the most advantageous way. The piston 
are secured also in a way which is not likel 
to be imitated here, viz., by the use of a nut on eac 
side of the piston. The thread on the end of the 
rod is not, of course, cut as shown in the drawings, 
so large that the rod cannot pass through the piston. 
Perhaps this arrangement is intended to serve as a 


means of compensating for the shortening of the 


connecting rod by wear, but surely this could be 
more easily done if n at the other end of the 
rods than at the pistons. The construction adopted 


is not only very expensive, but weakens the piston 
(by the reduction of its depth) to an extent which 
perhaps the designers have not realised. 

The construction of the main crosshead and guides 
is shown in Figs. 51 to 54 on page 440. Its design 
is somewhat unusual. The crosshead itself is a forg- 
ing (its form is more completely shown in the general 
mt having a bearing 7 in. in diameter by 11 in. 
long for the connecting rod. On each side of this 
journal are heavy collars which are flattened under- 
neath and attached by set screws to a large cast-iron 
step on the lower side of which is fixed a composition 
slipper working on the guides. The crankshaft is 
shown in Figs. 55to 57. Both crank-pins are 10in. 
in diameter by 16 in. long. The high-pressure crank 
webs are made comparatively thin (5 in.), and very 
deep in the centre, their end elevation being made 
oval (Fig. 55) for reasons no doubt known to their 
designers, but which do not ‘suggest themselves in 
connexion with ‘the distribution of stress which 
usually occurs in a crank: The throws for the low- 
pressure crank are made separate from the shaft, 
and keyed on to it (Figs. 56 and 57), a balance- 
weight being made in one piece with each throw. 
The arm on the two inner piston rods (see Fig. 10) 
for working the pumps is shown in detail in Fig. 58. 


The connecting rods are shown in Figs. 59 to 61, 
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their length is 90 in. (about 44 cranks). Each head 
is bored out on both sides to receive the brasses, 
which are turned. In the middle part (in width) 
of each head the brasses have flat sides, in 
order to make more room for the bolts. The 
latter are 3 in. collar studs tapped into the metal of 
the heads, 

We shall in an early number publish further 
engravings, completing our set of illustrations of the 
engines we have been describing, and we shall until 
then postpone any remarks we have to make on the 


general design. 
(To be continued.) 





A NEW SYSTEM OF PERSPECTIVE 
DISPENSING WIT: GEOMETRICAL LINES OF CONSTRUCTION. 
(Continued from page 408.) 

We have in all these cases supposed that the 
given line is situated in a vertical plane, for a hori- 
zontal line may be supposed to be coincident with 
the line of intersection of a vertical plane, with 
the horizontal plane passing through the initial 
point of the line, and consequently the line 
may be considered as situated in the former 
plane. But whatever direction a line may take in 
space, we may always consider it as situated in a 
vertical plane, for if we suppose a vertical plane of 
unlimited extent to revolve upon a vertical rope! op 
ing through the initial point of the line, it will be 
evident that we can esuch plane pass through 
any point whatever in space, and consequently 
through the point constituting the terminal point of 
the line; the two extremities of the line being 
situated in the same vertical plane, it will be evident 
that the line must lie altogether in such plane, 

This being the case, it will be seen that we have 
given formule for the be neg projection of a 
line of given length, tending in every possible 
direction from a given initial point which a line 
can assume in space, 
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representin ‘the initial, and A the terminal point 

e line. ‘ write the difference of the variable 

Sines above and to the left of the place of the 

ordinate X, as shown in the example, placing - 

ign — above the figure or figures representing th 
erence when it is subtractive. 
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POINT OF VIEW 





Example 2.— When the line tends upwards or 
downwards from the initial point in a vertical 
direction : 
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Ezample 3.—When the line tends from or towards 
the observer from the initial point in a direction 
perpendicular to the perspective plane 

0 


5 





below a horizontal line to the left as shown in the 
form, the number indicating the actual length of the 
line (which in the present example is 4) we write 


FlG .2i. 











ba 
~?POINT OF ViEW 
above it. The numbers .643 and .766 iplied by 
4 (the “+ of the line) give respecti 2.57 and 
3. — for differences of the two variable ordi- 
nates. 
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(To be continued. 








pace thin AT ew —The directors of the Bahia Gas Com- 
ted) report that some additional mains have been 

tipped and that the laying of them will be proceeded with 
ly as possible. e profit for the half- 

ao ending June 30, 1876, amounted to 4616/., admitting of 
a dividend upon the ‘ordinary shares in the company at the 
rate of 3 per cent. per annum, after payment erential 


changes. 


LocoMOTIVES ON THE CENTRAL PaciFric.—The number 
of locomotives owned by the Central Pacific Railroad Com- 
pany is 208, of which 201 arein service. The number of miles 
run in 1875 was as follows: Passenger trains, 1,385,281 
miles ; ight trains, 3,218,324 miles ; switchi trains, 
lie an on Siena tins Sama 

an aggrega 030 miles, as com wi 
5,214,441 miles in 1874. Some 461,589 additional miles were 
consequently run in 1875 as com with 1874. The cost 
of mile ran last year was 36.99 cents. This total was 
made up as follows : Repairs, 8.28 cents ; wiping, 1.10 cents ; 
enginemen, 7.29 cents ; fuel, 18.91 cents ; stores, 0.86 cents ; 
watching and despatching, 6.58 cents. 





length of the line to be 4ft., and the ordinates of 
the initial point to be in all cases as follows : 
X=6 Y=4 Z=5. 
Example 1.—When the line tends 
from the initial point in a direction 
the horizontal and perspective planes : 


Dersnces oF Vicrorta.—The necessity for making 
further provision for the defence of Victoria Ls been under 
the consideration of the Victorian Government ; and the 
treasurer, Sir J. M‘Culloch, has aj to the Imperial 
authorities to allow an officer to 


ight or left 
come to Victoria to devise a scheme for the defence 


lel to both 





i 


Example 4,—When line is horizontal and tends | 
from the initial point in a direction forming an angle | Sere 
of 40 deg. with the axis of Y, we find bya reference 
to Table B that the sine and cosine of 40 deg. are 
respectively .643 and .766, which numbers we write | Ba: 
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HALTWHISTLE BRIDGE. 

Tis bridge has lately been completed to replace a 
timber structure over the Upper Tyne, Northumberland, 
which has done service to the town of Haltwhistle and 
the neighbourhood for many years. The bridge was 
built by public subscription, the executive committee being 
the Rev. Dixon Brown, Rev. J. Lowe, Mr. Gibson, Mr. W. 
Hudspith, and Mr. Dixon Pratt, who entrusted the 
matter to Mr. George Gordon Page, civil engineer. The 
following are the general dimensions of the structure: 
The length of the bridge over abutments is 238 ft., the 
length between abutments is 198 ft. divided into three 
equal spans of 63 ft. 4 in., and two piers 4 ft. at the spring- 
ing line of the arches, which is 1 ft. 9 in. at the abutment 
and 3 ft. at the piers above the flood levelf the versed sine 
or rise of each arch being 5 ft. 4} in., or nearly one-twelfth 
the span. The ordinary level of the river is 7 ft. 3 in. 
below the flood level, and the depth is6 ft. below the 
ordinary level, consequently the soffit of the centre arch 
is 21 ft. 7} in. above the bed of the river. 

The breadth of the bridge between parapets is 15 ft. 
The abutments consist of a mass of masonry and concrete 
measuring at the base 20 ft. by 20 ft. by 14 ft. 6 in. deep, 
supported on timber piles 12in. square and driven from 3 ft. 
to 4 ft. apart deep into the bed of the river, the lower stra- 
tum of which is hard clay but of variable density. The 
top of the piles are cut off on an average at the low water 
level of the river and securely tied and brhced together 
by transverse and longitudinal walings forming a grid- 
iron platform, the interstices being filled up with Port- 
land cement upon which the face walls of coursed ashlar 
and brick and concrete backing, forming the superstruc- 
ture of the abutment, stands. 

The foundations of each pier consist of two cast-iron 
cylinders 15 ft. from centre to centre (the same distance 
as the main ribs of the bridge apart), 5 ft. 6 in. in diameter, 
sunk deep into the clay, and terminating about the 
ordinary level of the river. The cylinders having been 
excavated and pumped dry, five piles were driven in each; 
the centre one being a core pile running up the pier 
forming a vertical bond. The piers between low water 
and flood level are carried up in solid brickwork, the 
bricks being firebricks, and specially moulded. Theskew- 
backs of the arches rest on a circular stone block 4 ft. in 
diameter and 1 ft. thick. The elevation of the piers above 
the springing of the arches assumes the form of an 
octagonal pedestal with a cornice and cap adapted to the 
parapet of the bridge. 

The two cylinders are connected together at the top 


with a brick arch springing at the same level as the! peing 


centre arch, and having a rise of 4ft.4in., and also are 
securely braced together by four J-iron joists carried 
right across into the brickwork, which is all setin Port- 
land cement, and bolted to the core piles. 

The superstructure of each span consists of two 
wrought-iron arched ribs 1 ft. 9$ in. deep, composed of 
top and bottom plate secured to the web by four angle 
irons; from the crown of the rib runs a longitudinal over 
each pier to the centre of the nextarch carrying the road- 
way and parapet. The space between the longitudinal 
and rib is filled up with a lattice spandril. The main 
ribs are securely braced together with diagonal bracing 
and tie rods. The platform of the roadway is composed 
of 3 in. Memel planking creosoted, and beams of creosoted 
timber trussed. The planking is fixed on diagonally, 
covered with a coat of asphalte, on which the macadam 
of the bridge rests. The quatrefoil parapet and cornice 
are executed in castiron. The new bridge was constructed 
and the old timber bridge removed in about six months, 
the traffic only having been stopped a few weeks, the old 
bridge being cut away as the planking of the new one 
progressed. The total cost of the work has not exceeded 
27501. or 15s. 6d. per foot sup., a very -low figuré for a 
bridge of this character. The contractor was Mr. D. W. 
Stanfield, of Carlisle, Mr. Robert Nunn being the resident 
engineer. 


FRACTURE OF RAILWAY TYRES. 

THE second ordinary meeting of the Institution of Civil 
Engineers for the session of 1876-77 was held on Tuesday 
evening, the 2lst of November, Mr. George Robert Ste- 
phenson, the President, in the chair. The paper read was 
on “‘The Fracture of Railway Tyres,” by Mr. W. W. 
Beaumont, Assoc. Inst. C.E. 

_It was stated that between the years 1847 and 1874 
eighty accidents from broken tyres, attended by serious 
results, had been reported upon by the officers of the Board 
of Trade. The total number of tyres fractured was not 
known, as previous to 1872 the railway companies made no 
return of such accidents ; but, since 1847, tyre fractures 
had resulted in the loss of seventy-four lives and two hun- 
dred and thirty-six cases of serious personal injury. So far 
as the author was aware, no satisfactory explanation had 
been given of the forces productive of fracture of tyres of 

material and workmanship; and it was the object of 
paper to suggest a cause for their origin. Some of the 
theories advanced to account for tyre fracture were treated 
of ; such as the strain due to shrinking tyres on to wheel 

es, the reduction of the sectional area by rivet or bolt 
holes, and the alleged reduction of the strength of the 

_ by low temperatures in winter. These causes were 
considered to be uate to account for : 
tyre ; 2nd. The fracture of 
places sim taneously ; 8rd. The fracture 
h the solid rather than h bolt or 
. Breakages being few in number for a 








Ist. The fracture good 
tyres in several i 
of tyres thro 
rivet holes 
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iod of frequent frac- 


long period, followed by a shorter 
sores apd Sth. Trees being wen of considerable age, 
or running several thousand miles re flying to pieces. 
_ Foran J ree of these facts the author ap’ to 
internal differential molecular strains, generated in the 
material of tyres, by extension and compression from their 
surface inwards, consequent upon their rolling at high 
velocities under heavy loads, along the hard, smooth, and 
somewhat rigid t way. If a piece of flat stout 
late metal was subjected, when cold, long continued 
ht anne a rolling, on one of its surfaces, that 
surface would me compressed and elongated. The 
effect of thus altering the relative dimensions of the two 
surfaces of the originally flat plate would be to make it 
assume the form of an umbo, with the convexity towards the 
rolled or hammered surface. In illustration of this, re- 
ferenee was made to the straightening of coping plates, or 
other plate castings, which become bent in cooling, by 
lightly hammering the concave side and thus elongating 
that side. Another example was afforded in the curvature 
roduced in tram plates, for instance those on Westminster 
ridge, by the extension and compression of the surface 
exposed to the rolling under the loaded wheels of vehicles. 
Similarly, film after film from the surface inwards of the 
material of a railway _ was compressed, until the thick- 
ness so molecularly altered induced internal differential 
strains sufficient to > the tyre, or so nearly to effect 
it, that an unusually heavy impulse, or other extraneous 
force, was alone omen | for such a result. As these 
strains approached equality thronghout the tyre, the 
length, and therefore the number of pieces into which the 


tyre would be broken, would be determined by the limit of 
yyenn a and the coefficient of elasticity of material. 
Absolu of multiple fracture was nota neces- 


— 
sary condition of such a result, as the precedence of one 
fracture would liberate the tyre, so that the internal forces 
would be free to initiate fracture in as many places as 
might be necessary to expend the excess of the forces tend- 
ing to rupture, over those of resistance to it. Of the re- 
ported fractures of tyres, affixed by rivets or screws, nearly 
one-third were fractured through the full section, and not 
at a bolt or rivet hole; thus indicating that those tyres 
were either strongest at the reduced section, or that the 
internal forces tending to produce fracture were greater 
between than at the rivet or bolt holes. In tyres of 
material and workmanship fracture would be to ta 
place rather between than through such holes ; for at these 
the continuity of the material was broken, so that the 
compression, p veneer in the outer portions of the tyre by 
the impeded elongation of the material, was 

an upward flow of the particles round such 
upward flow tended to produce a crater-like ridge, which 
was quickly worn off, so that the tyre at these points was 
relieved of strain, the material that would have exerted it 
carried away. Elastic wheels could only be con- 
sidered as a iative, for the tyre had still to support a 
load, so that its surface would be subject to compression, 
—— the mischief would not proceed so rapidly as with 
a near ay oe The inertia of impact etrain upon a 
rigid wheel would have to be overcome by the tyre before it 
was relieved by the —_ of the vehicle, whereas a good 
elastic wheel possessed in some degree the character of a 
spring, and in so far was without such inertia, However 


good the material and workmanship of a ——- , and 
in whatever manner affixed, it must grad become 
unsafe, from other reasons than simple loss of thickness, 


for whether it was of steel or of iron it was amenable to 
the production and accumulation of the molecular strains 
described. The great durability of American chilled wheels 
was probably owing to the extreme hardness of their 

ing surfaces, and their consequent resistance to sur- 
face compression. Although the ultimate strength of a 
tyre was probably not reduced by the bolt or rivet holes, the 
preferable method of fastening was unquestionably by con- 
tinuous clips and grooves on both sides of the tyre, so as to 
prevent the portions of a fractured tyre from lea the 
wheel. It was to this latter cause, rather than to simple 
fracture, that many lamentable accidents were to be 
ascribed. 








THE PATENT LAWS. 
Tx following is the memorial on the Patent Laws just 
presented by the Socie ty of Arts, and referred to by us in 
an article on page 448 of the present number : 


To THE RicuT HonouRABLE THE LORD HicH 
CHANCELLOR OF GREAT BRITAIN. 

The Humble Memorial of the Society for the Encourage- 
ment of Arts, Manufactures, and Commerce, ‘ews 
in 1754, and incorporated by Royal Charter in 1848. 

Showeth,—That your memorialists have for upwards of 

a century been engaged in promoting the arts and manu- 

factures of the kingdom, and have taken, and still take, a 

deep interest in the laws relating to Letters Patent for 

Inventions. ; 4 
That your memorialists were largely instrumental in 

bringing about the change which took in the Patent 

Law in 1852, and in promoting the “ Patent Law Amend- 

ment Act, 1852.’ 

That under the provisions of that Act the Lord’ Chan- 
cellor, the Master of the Rolls, and certain law officers of 
the Crown therein named, together with such other persons 
as Her Majesty the Queen should appoint, are made Com- 
missioners of Patents, with full powers as therein specified, 
to conduct the business of granting Letters Patent for In- 
ventions, and to make regulations for the administration 
of the Patent Office. : 

That up to the present time the provisions of the fore- 

going Act, authorising the appointment of one or more 

persons as Commissioners of Patents, in addition to the er- 
officio Commissioners, have not been acted upon, 





officio no addi- 
tional Commissioners as ee by the Act have been 
appointed, and thus the whole business of the Patent 


dissipated 
holes This | 





Office falls upon the e2-o Commissioners, who are 
ra overburdened with other important and heavy 
Your memorialists, while admitting that great improve- 

ment has been effected by the energy and zeal of those who 

have been emplo: He office, meme ar wah 

urge upon your @ importance of acting u 

the provisions of the ‘Act of 1852, and ing it on ie 

its integrity, by appointing..such. additional issioners 
as are contem by the Act. 

, Your memorialists venture to think that if such addi- 
tional Commissioners were appointed, duly paid, and made 
responsible for the effective working of the Patent Law as 
it at present exists, a amount of beneficial reform 
see y apemn Ra mf vend 2s waa now made, 

no » Wo withou' urther legis- 
lation, at all events fos the ang of ee - 
Your memorialists, therefore, humbly pray your Lord- 
ship to cause the provisions of the Aci of 1862 to be pat 
into foree by the appointment of one or more additional 

Commissioners of Patents, to whom might be entrasted the 

full carrying out of the duties of the oifice, and who should 

be responsible for the same, and that no further legislation 
be attempted until after such Commissioners shall have 


been inted, and the system contemyiated by the Act 
in its integrity. 
Sealed with the of the 


Society; this 16th day of 
November, 1876, in the presence of ' 
ALFRED 8, CHURCHILL, 
Chairman of the Council. 
P. Lz Nuvz Fosrmr, Secretary. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
ee gy Purchase of the 8 i? Water Works.— 
somew. curious proposition is now before the town 
council of Sheffield, namely, that they shall purchase the 
working and property of the local water works company, the 
— of which caouets a — andahalf, The se er 

company, meantime, have disagreed on a question 
an alleged payment of dividend out of capital, and three of 
their number have . The council have appointed a 
committee to negotiate for the purchase. 

Steam Engines for the Tramways.—The ineer for 
the Sheffield Tramways Canaan, Mr. J. Kincaid, has 
applied to the Highway Committee of the Sheffield town 
council for permission to use engines in of horses for 
moving Objection The commit Fp ee! that be 
ve no ion, as a body, provided requiremen 
of the Act of Parliament.and the rules of the Board of 
Trade be strictly adhered to. 

The Railway Spring Fitters’ Lock-Ouwt.—The mannfac- 
turers of railway springs opened their shops last week to 
—y of their or other men who might wish to resume work 
but it is stated that none have presented themselves, sothat 
if both sides preserve the same firmness the dispute is likely 
to last for many weeks to come. 

' Colliery Ent s at Aldwarke Main.—For some time 
a new downcast shaft has been in course of sinking to 
Kent’s thick coal, which is about 5 ft. thick, at the 
Aldwarke Main are near Rotherham, pro- 
rty of John Brown Co., Sheffield. A shaft is also 
sunk to the Silkstone seam, which lies at about 550 

yards below the surface. 


New Arrangements at Ambergate Junction.—Most of 
the a Sp recently mentioned in these notes as 
having nearly finished at Ambergate Junction of the 
Midland Railway where several branches converged, have 
been brought into use. The long platforms and additional 
lines are of great use. 








THe WHITEHAVEN Wut Dock.—The Whitehaven wet 
dock was opened for shipping on Wednesday. e@ work 
has been a —— success, and will no doubt tend towards 
the commercial prosperity of the port. 


Workine EXxprnszs ON THE GREAT WESTERN OF 
Canapa.—The working of the Great Western 
Railway of Canada were reduced in the six months ending 
July 31, 1876, to 290,6471., as com with 371,365. in 
the -year ending July 31, 1875. ratio of the working 
expenses to the traffic receipts in 1876 was 73.63 per cent., 
as compared with 90.82 per cent. in 1875. The improve- 
ment indicated in the position of the company by these 
Ggetes will be seen to be very sensible. The company has 

to conduct its freight business, however, at unremune- 
rative rates. The charges to capital during the half-year 
ending July 31, 1876, did not exceed 15,0181. ; this outlay 
consisted principally of the proportion of cost of renewing 
bridges in stone and iron, and substituting steel for iron 
rails. 








Tux ALDGATE ExTENsion.—If imitation be the sincerest 
form of flattery, Bumbledom should be jubilant just now, 
for no less a person than the Chairman of the Metropolitan 
Railway the knee to do it homage. Messrs. Lucas 
having completed a few additional ye of } 

railway, as noticed by us last week, the Chairman signalises 
the event, on the lucus a non lucendo principle, by mscrib- 
ing his own name, with some others, on a marble tablet 


conspi ly exhibited at some point on the line! It was 
thus that the churchwardens overseers of Bumbledom 
noti to posterity that under their auspices did the old 
sunbling gous. sears SS det anima eeniiinion 

oh ce. iy fends the rots criticisms of 
when returning ‘or app ve o! 
his to on the i a) iated from Martin 
ragmen, om the, decgns cpercpeistel fom, Mortn 





and with marble, I am mach moved—God bless you !” 
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PORTABLE WINDING ENGINE. 
ONSTRUOTED BY THE SOCIETE ANONYME DE MARCINELLE ET COUILLET, BELGIUM. 
(For Description, see opposite Page.) 
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BOUDOIR CAR FOR THE SAO PAULO E RIO DE JANEIRO RAILWAY. 


CONSTRUCTED BY THE JACKSON AND SHARP COMPANY, WILMINGTON, DEL., U.S.A. 


SSS Se — 





Ty 





Amongst the railway rolling stock shown at the late 
Philadelphia Exhibition was the beautifully finished 
narrow gauge boudoir and library car, ““Dom Pedro 
Segundo,” of which we give illustrations above. This 
car is one constructed by the Jackson and Sharp Company, 
of Wilmington, Delaware, for the Sao Paulo e Rio de Janeiro 
Railway of Brazil, and it is intended for the use of the 
Brazilian emperor. The gauge of the line on which it is 
to run is one metre or 39% in., and the body of the car is 
35 ft. in length by 8 ft. in width, and is so constructed 
that it can be taken apart in sections for easy stowage on 
shipboard. The weight of the car is 15,800 lb., and when 
stowed as above mentioned, if will occupy 925 cubic feet, 
shippers’ measurement, in addition to 4200 Ib. of details 
which will be taken by weight. The wheels are of chilled 
iron with turned faces, and they are 24in. in diameter. 
The car is fitted with the Westinghouse air brake and 
with Mitter platforms, the height of the drawhead centre 
being 24 in. above rail level. 

Of the interior arrangements some idea will be formed 
from the annexed illustration. The body is divided into 








drawing-room, sleeping, and passenger compartments, 
with a bulkhead in one end. The drawing-room and 
sleeping apartments occupy one-half, and the passenger 
compartment will seat 24 in Buntin’s patent seat frames, 
painted chocolate and silver. The cushions and backs 
are cane, with black walnut frames, the former being 
mounted on Cobb’s springs. The carpet is body Brussels 
with a white ground and a delicate vine. The panelling 
is of walnut burl, with mouldings of rosewood with ebony 
and gold finishing. The panelling over the windows is in 
a series of arches of graceful design. The blinds are of 
mahogany, and for more perfect ventilation the windows 
drop in stage-coach fashion, The head lining is richly 
painted, and the glass in the ventilator is crystalline, set 
in lead in architectural style. In each ventilator, 6 in. 
by 22 in., there are 66 pieces of glass, of brilliant hue. 
The bulkhead has a toilet room supplied with mirrors, 
marble wash-basin, with silver plated faucets and all 


other conveniences. The water tank bears the monogram | are 


of the emperor. The sleeping compartment is up- 
holstered in blue rep, with blue silk fringe, and French 


muslin curtains drawn into diamond-shape with 
blue silk. loops. The seats slide out and form a lower 
berth, but a bed may be hung above in hammock fashion. 
Between the seats is a movable table, on which rests a 
rustic chip-like basket of French flowers. In the door of 
this apartment are movable slats for ventilation, and the 
sides are built up in the filagree work, lined with Aes 
Across the passage way is « private wash-room hand- 
somely furnished, with conveniences of mirrors and all 
other accessories, Just outside of this room is an arm- 
chair upholstered in claret rep with fringe and tassels of 
the same colour. The drawing room contains a sofa and 
two téte-a-téte chairs, covered with silver bronze leather 
with claret rep puffing and sitk fringe and tassels. There 
are two ebony cabinets, ornamented with gold, with 
thick plate-glass doors and bevelled—one for library 
purposes, stored with books—the other for edibles. Over 
these cabinets are arched mirrors, delicately ornamented 
and with bevelled edge, Alongside these mirrors and 
reflested by them are silver wall chandeliers containing 
wax candles. On one cabinet rests a glass water pitcher 
and goblets, and on the other a little case containing a 
photograph of the emperor and his daughter the Princess 
Isabel, present regent. Ourtains of green figured rep are 
hung at the windows. The side linings of this apart- 
ment are of blister maple. Above the doors, between the 
compartments, instead of the usual scroll work, are silver 
plates, ing on one side the names of the builders and 
on the other the contractors for the car, both in Portu- 
guese, and these plates are relieved on either side by birds 
of Brazilian plumage. 

We may remark, in conclusion, that the Jackson and 
Sharp Company have — special attention to the con- 
struction of rolling stock for narrow gauge lines, and the 
car we have been describing is the 417 th car of a series 
built for a group of 45 narrow gauge railways. As an 
example of the comfort—or rather luxury—which can be 
provided in a vehicle on a line of narrow gauge, 
the car we have been describing possesses special interest. 





PORTABLE WINDING ENGINE. 

WE give on the opposite page engravings of a portable 
winding engine, shown at the late Brussels Exhibition 
by the makers, the Société Anonyme de Marcinelle et 
Couillet, of whose works M. Eugéne Smits is the managing 
director. The apparatus has been specially designed for 
temporary use at the shafts of mines, where the regular 
winding machinery has broken down, or for use in 
raising pump gears, &c., at shafts not fitted with fixed 
hoi . It is med for raising a load of 
1} tons from a depth of 1650 ft. to 1950 ft., the rope used 
being 0.8 in. in diameter, and weighing 4b, yard, 
The rope, which is manufactured by Messrs, Vélings et 
Cie, of Chitelet, is made of galvanised iron wire with 
a hemp core, there being imbedded in this core several 
copper wires insulated by a double coating of gutta- 
percha. The wires are led out from the rope just above 
the hook at the lower end of the latter, and by means of 
them an electric communication can be established 
between the cage which is being lowered and the surface, 
This arrangement is especially intended for use when the 
engine is employed to lower a rescuing party in the event 
of an accident ina mine. 

As will be seen from our engravings, the apparatus 
consists of a pair of wrought-iron frames of J section, 
mounted on iron wheels adapted for travelling on ordinary 
roads. On the top of the frames just mentioned are 
mounted a pair of cast-iron frames carrying the engines 
and winding gear. The engine cylinders, which are 
Tz in. in diameter, with 11}3 in. stroke, are fixed to the 
outer sides of the cast-iron es, a8 showzpon the plan, 
the connecting rods taking hold of cranks at the end of 
the shaft O. On this shaft is a pinion H, which gears 
into a spur wheel J, on a second shaft D placed directly 
above the crankshaft. This second shaft D also carries 
a pinion K which gears into the spur wheel L bolted to 
the rope drum M. s drum M is 4 ft. 7} in. in diameter 
and 1 ft. 7}}in. long, and it can be divided into two by 
a movable division ring, when it is desired to employ 
two ropes. The total ratio of the gearing is 18 : 1, the 
engine making 18 revolutions to one of the drum, 

The valve gear is of the Heusinger von Waldegg or 
Walschaert’s type, which has already been described in our 
pages. The boiler, which is mounted at one end between 
the frames, as shown, is of the vertical tubular the 
firebox being of copper and the tubes of brass. fire- 
box surface is 215 square feet and the tube surface 
107} square feet, making 129 square feet inall. The 
boiler is worked at a pressure of 90 lb. per square inch, 
and it is fed by one of Dixon’s injectors. The winding 
drum is fitted with a powerful brake operated by a hand- 
wheel Q, conveniently placed for the use of the engine 
driver, who has also close to his hand the reversing lever 
R, the tor handle §, the injector U, and the steam 
cock for the injector V. The weight of the whole machine 
is 8} tons, and the design is neat and compact. 





New ZEALAND Ralnwars.—Thereare now 549 miles 
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HYDRAULIC PUNCHING MACHINE. 
Tue powerful hydraulic aes and shearing ma- 
chine we illustrate this week on page 441, forms part of 
an entire plant of hydraulic machine ‘tools. on Mr. 
Tweddell’s well-known system at the French Government 
dockyards, at Toulon. an article on hydraulic tools 
waoich @ in our columns some five years ago 
(vide page 59, vol. xiii.) we made the following re- 
roe a To ‘obtain the full benefit of such a system 
of working machine tools as that of which we have 
just been king, it would be necessary, of course, 
ss it should id be carried out on a large scale, but its 
employment in even a less complete form would, we 
believe, be attended in many instances with advan- 
tages.” The almost universal adoption of Mr. Tweddell’s 


hydrealis machinery for rivetting has proved the justice 
the weve of our remarks, and this extensive 


latter 
lication of the system at their new dockyard at 
Tonlon, shows that the French authorities, having already | 5, 
tested this class of machinery at their arsenal at Indret 
and elsewhere on single machines, are now determined 
to obtain the full benefit of this mode of working by 
fitting up an entire works on Mr. Tweddell’s plans. 

M. er Fontaine, of the engineering staff at Toulon, 
having gone into the whole question of economical work- 
ing very closely, furnished the patentee with his require- 
ments and the general arrangement of the shops, and 
‘when we state that there is a 50 horse power pumping 
engine to force water into two accumulators, each 20 ft. 
stroke and loaded to 1500 Tb. per square inch, the exten- 
sive nature of the orptication / is apparent. 

The whole contract was p rate in the hands of Mr. 
Henry pec poe of Paris) Wied applications of this 
class of work have been very successful in France. As 
much misconception exists as to the economy of hydraulic 
machinery, we propose shortly to lay before our readers 
a series of tables and diagrams prepared by M. Berrier 
Fontaine and Mr. Tweddell, and we think that a careful 
perusal of these will disclose some startling facts and 
prove what has been always claimed by the designer of 
these machines, that even for an isolated machine in 

ration, it will compare favourably with other methods 
of doing the same work, but on taking a group of ma- 
chines or the result of several average hours’ or days’ 
working of one machine, the economy of the hy- 
draulic system is still more apparent, to say nothing of 
many collateral advantages which we have not time or 
apace to discuss here, but which Mr. Tweddell maintains 
are in themselves sufficient to justify the adoption of 
the hydraulic system. However, we must briefly describe 
the machine we have chosen as an illustration this week. 

The whole machine weighs about 28 tons. Although | ® 
shown as one combined machine, there are really two 
entirely separate tools, and no breakdown in the one 
affects the other, or, if desired, they can at any time be 
placed apart if required for the better working of the shop, 
or, as is often done, to have a third cylinder inserted for 
angle bar shears. "The machine will punch 1}-in. holes 
in 14-in. plate at a distance of 5ft. from the edge, and it 
shears 1}-in. plates 5 ft. from the edge, taking at each cut 
a length of 18 in.; this long cut is a great advantage in 
straight work and reduces the number of strokes 
to out the same length of plate fully one-third as com- 
pared with the ordinary geared machines ; the knives also 
can be turned round, so as to cut at right angles to centre 
line of machine at an angle of 45 deg. either way, or in a 
line with centre line, thus enabling bars of any length to 
be cut to the length required. 

The drawback motion is self-acting, and by means of 
tapped rods and nuts, as shown on the punching end in 
the engravin ng the length of stroke, and consequently the 
consumptiorfof water, can be 
portionate to the thickness of plate punched or sheared. 

The levers admitting the pressure and opening to ex- 
haust can either be worked by the man in front of the 
plate being operated upon, or from:behind by the chain 
as shown. .It may be added that no stop motion is re- 
quired’ in’ these: machines, as the machine becomes 
stationary at any point of stroke the moment the man 
working it releases the handle, and as the first impulse 
of @ man on discovering an error is to do this, it is found 
to answer admirably, and to insure extremely accurate 
work, 

The machine requires no foundation, and as the pipes 
from the main are all underground, the whole space above 
and round the machine is clear of belts, &c., and thus the 
cranes fixed on the machine itself can travel all round, 
and the travelling crane overhead, which works the whole 
shop, has a traverse clear of all belts, and o- ¢r the whole 
area of the shop. ‘The workmanship is of a very high | ™® 
order, and the castings are an especially @ean and well- 
finished job. The machine was manufactured by the 
Hydraulic Engineering Company (Limited), Chester, and 
the results of its preliminary working in their shops was 
most satisfactory to all concerned. 





NOTES FROM THE SOUTH-WEST. 
Fabian’s Bay.—The construction of a docks at Fabian’s 
, Swansea, will, it is announced, be proceeded with 
in the ens year. The new dock will cover an 
area of upwards of 23 acres, and the half-tide dock an area 
of over six acres. The Prince of Wales is to be invited to 
cut the first sod of the new works. 


ated 80 as to be pro- Ce 





mee ba.) Coal Deliveries. — October the 


During 
qevnyt Wy me im South Wales to 
foie ia was considersb y in 


excess of the quantity carried 
in any previous month of the present year, but this. is 
believed to indicate the existence of an unhealthy condition 
of trade, inasmuch as it see Cat tha t production has been 


na — rynndy ak A 
ae 


existed all 
that up tothe 
over the rails was P —: a 192,040 
the amount carried in 
1875. 
i ee New Water Works for Bristol.—Notices of an 
ro for works 


rapviy Bystol and the neigh 

It is proposed to o! 

inn re Cotbed. b 

which cannot profitably be w 

the iron Powers are ro to carry \ 

pipes through the streets of Bristo and to erect a reservoir 
mn Durdham Down. The Bill is promoted by speculative 

parties if Londen. 


A New Coal Seam.—A seam of coal has been ta 
Hemsworth Main Colliery, on the estate of the ro 
a M.P., of over 1000 acres in extent. 


sed Roath Dock.—At the last meeting of the 

Cardiff Chamber of Commerce, » letter waa reed from Lord 
to a memorial of the gg 
completion of the Roath Dock. 

sta’ boy mdeeree the fet pe - of the ra be carta 
consid: every poin view, esi 
condition of trade, and th they are unable to see that ould 
be advantageous to commence _ now the active construc- 
tion of Saoree His lordship’s was not 
satisfactory ; , on the morn of Wilson, the com- 
mittee of the Sle, who have under consideration the 
question of dock extension, were instructed to make a report 
to the next meeting of the cnenber. 


The Great Western Iron Works, Forest of Dean.—A new 
furnace was commenced some months since, and now it is 
complete, while a second chimney stack—which will be the 
py yt ee. under construction 
being erected, and it is soped 

that the of the new year this furnace 
blown in, when it is intended to introduce a new the 
make being y intended for steel purposes. it is 
pleasing to that the whole of next year’s outputof the 
now brand has been sold. The company are, moreover, 
about to let contract for a third furnace, which will be 
about 15 ft. bosh, iron cased, fitted with hydraulic poist, 
&c., for feeding. It should be stated that Mr. 

the managing director, has nearly perfected = syste for 
feeding the furnaces at the bottom instead of the The 


are 
prom gen & be oom there is a omnes of pe gam cn exten- 
sions ieee a further acquisition of mining property 
in the Forest. New smithies have been Pome the fires 
of which are worked by the blowing engine, and alvesd 
the company have commenced making their own repairs 


to wagons, as well as nee euing the brasswork required 
about t thelr engines and rolling 


Pro of the Inflewible—Up to the present time 
270, has been spent in labour and material upon the 
Inflexible, double turret ship, at Portsmouth, and though 
the ship is crowded with workmen, her towards 

letion, in consequ of the magnitude of the under- 
taking, appears slow. The whole of the pi 
have been erected, but these only form a small portion of 
the mass of machinery which the ship will have on board. 
The becinantal Sect deck armour and the side armour 
have nine hone Get ;. but, in consequence of the slowness 
with w the iron-plating is reoeived received from manufac- 
more has been ree in the 





col till next meeting. 


a very short time. 
laid, and ey 


=o the rrets themed the hydrealie taaiing tes the 

have been on e hydra gear— 
contract for which with the Elswick Engine Works 
amounts to 27,099/., exclusive of the cost of puttin a A 
ther on board—will be immediately proceed 
Bach turret will have independent — and pumps 5 tet 
purposes of r —. = os —— to her 
stupendous armament n guns, submerged torpedo 
arrang ments, and Gatling guns, it has been determined to 
e Inflexible’s forward and after superstructure with 
20-p er B.L. torpedo guns, capable of firing upon boats 
right ahead and astern, down over the up and on 
the beam. Ls sal, gm waren Re see Sa or saluting pur- 
Considerable progress has been made below in the 

Biting up of the magazines, of which there are two. 

Ebbw Vale Steel, Coal, and Tron Company (Limited).— 
A resolution in favour of power being ing given, under the 
articles of association, to reduce the capital of this com- 

ny, or to subdivide it into shares of a Sam gi or smaller 

enomination, has been unanimously approved at a special 
meeting of the shareholders. The outlay on new works 
during the past six months amounts to 17,233/., which has 
been carried to the debit of capital account. The 
estimated amount required for outlay on ca account 
is as under: On coal mines and works, 40, ; iron and 

steel works, 98601., in both cases Sor werka ta peeguens ; for 





rere nr | 2 


; Ley 14d. 2. ath ten less. 


the abvinahiiity of laying down | (1, 


ropelling engines | and 


. A. Grothe, CE, on the 


*| burgh, by Mr, J. 
lecture being ‘ 


pressure, 
further | being a high-pressure cylinder. Both the covers and 





other contingencies, and for a short railway to connect one 
of the company’s collieries with the Lon and North. 
Western system, 15,000/., making in _# 65,1607. The 
directors have determined not to spend any further sum on 
any new works without first obtaining the consent of the 
been | shareholders. 

Water 7 Supply of Aberystwith.—The Al town 
council had under consideration on bili 


the = fh 


to Voller satiate taka vo quaned hndanierlih the event, 





NOTES FROM THE NORTH. 


Glasgow Pig Iron M het On Thavode) lack the gees 
ow ron Mar 
of pig iron remained steady at about 58s. 5d. cash. y's 
market was very strong) in the forenoon, and a large 
t of business was done RS og coghes 74d. to 
, | Bae 10a. cash, also at 58s, 11d. Seurtten dn 
a ae, with 


offering 58s. 7 
n, with be business 42. lone at 58s. 10d. and 
. one — ge 3 a wane sellers aa _ 


Taranoel tes prisoet thelr Gartehervis and Eglinton br hes 
sd ton, and Messrs. Merry ype bene oe 's pees 
Glengarnoch brands were ad add oaedivng 
. A large business was done on ig ot ‘orenoon, the 
Sees Be eponing tains SPs. one month open ; the prices 
then | mickly receded to 58s. 7}d. fourteen days, and 
. one week was accepted for several lots, when an 
pmo a For set in, up to 59s. one month open was 
again paid, closing sellers in 5 and at 58s. 9d. prompt cash, 
buyers a shade less. There was a steady market during tho 
afternoon, with business done at 59s. one month, closing 
wey sesog 11d., buyers 58s. 11d. Yesterday’s market was 
1041, $0500, cash, alsoat 500i ts business was done at 
59s. cash, also at 59s. 14d. to 59s. 74d. one month 
ing sellers 59s. cash, and 59s. 74d. one month, 
afternoon market was steady, 
th business done at 59s. 6d. mage no with 
_ Egii “aay Sages land 
1s. per ton. 


ee 


An 6d. 
made, and the market om with buyers offering 
top price, sellers asking 59s. 7jd. An madition of 1s. per 
ton was dary of ym J of No. 1 Coltness, Dalm n, 
and Carnbroe. The market continued strong in the 
afternoon, with business done at 59s. ia. fourteen por. 
losing nominally with sellers at that 
intion ‘ha rices Y sored to above are to-specu- 
lation, on man i Shove foie oeet Seems at 
an improved condition of things has arrived, Last 
week’s shipments amounted to 8026 tons, as i ~ 
10,879 tons in the co week of last year. 
are no alterations to 7s in respect to the maaan af blast 
furnaces in operation, ae ee as against 
114 at the same seine ton fast 
Institution +4 > sree sad Shipbuilders.—An ordinary 
meeting of this Institution was held last night, Mr. KR. 
Bruce C.E., President, in the chair. Onthe recom- 
mendation of the council, Mr William Froude, C.E., F.B.S., 
Professor Tyndall, F.R.S., were elected honorary 
members. Papers were read by Mr » Robert Lavender, on 
“A New Form of Lamp for | Oils ;” by Mr. 
Lawrence Hill, O.E., on es Governor for 
i ;” and b E. L. Doriga, on “‘ A Steam 
Excavating on the last paper 
was postponed, and that on Mr. Hill’s paper was continued 


Edinburgh and Leith Rucioned Society—A_ meeting 
of this Society was held last week, Professor Fleeming 
Jenkin, President, in the chair. 


A was read by M 
sciences ened st the ‘Tay etige. 4 


Class in the ate ans School of Arts.— 
commenced last 
Ewing, the shool ote im 4 
subject e inaugura 
vite Relates of Science to Engineering 


BO 
A course of lectures. on 
week in the eae institution 


Art.” 


Launch of the Northampton.—Her Majesty’s twin- 
screw armour-c corvette Northampton was launched 


h.| from Messrs. Napier and Son’s shipbuilding yard last 


Saturday in presence of many thousands of ' tors, 
including Admiral Sir Houston Stewart, Con of the 
Navy, Admiral Fellowes, Admiral Sir James Hope, and 
other naval officers. Lady Charles Clinton, in the absence 
of Mrs, Ward Hunt, performed the ceremony of christening 
the vessel. The launch was most snccessful. In respect of 
her general build and may ther details, a Northampton 
is a sister ship to the launched by Messrs. Elder 
and Co. on the 4th inst. ; her engines, however, are diffe- 
rent from those of the Nelson. Each set of engines is to 
consist of three cylinders, each of 54 in. in diameter, the 
length of the cielo being 3 ft. 3 in., the number of revolu- 
tions on trial to be about 85 per minute when meron y at full 
power, and the high-pressure steam being admitted into all 
the car « gps The engines are to be so constructed as to 
be capable of being worked at half power as compound 
engines, about 68 revolutions per minute, the two 
outside cylinders being low the one 


bottoms of the cylinders are to be steam-j with 
steam of 60Ib. pressure. Messrs. John Penn and Sons, of 
Greenwich, are supplying the engines and other machinery. 
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THE CENTENNIAL EXHIBITION. 

NOTWITHSTANDING the somewhat: general opinion 
that the Philadelphia Exhibition would be kept 
open to the public until the close of the present 
month, the doors were shut on the day originally 
fixed—the tenth instant—and under very un- 
favourable conditions of weather the final ceremony 
of concluding the great show was carried out. It 
is too early yet to analyse with any accuracy the 
financial sulin of the undertaking, but this much 
may be said, that the number of visitors to the 
Centennial has far exceeded that of any previous 
exhibition, and it must be borne in mind that these 


visitors were composed almost wholly of Americans, | T@ty 


and were not made up of all the civilised nations of 
the world, as has been the case with European 
exhibitions. The total number of visitors was con- 
siderably over 9,000,000, of whom nearly 8,000,000 
paid for admission, and the price of entrance, with 
the exception of a few special days, was 50 cents., 
or nearly 2s., so that the total receipts will 
have been about 600,000/. sterling. This amount, 
together with the sale of the buildings, amounts 
paid for concessions, and other sources of revenue, 
will certainly be quite inadequate to pay the expenses 
incurred, and a large deficit will doubtless be 
found to exist, which will have to be made good by 
the Government and other’ ble parties. But 
that international exhibitions should prove lucrative 
undertakings is not to be expected; on thecontrary, 
they are almost certain to be attended with heavy 
losses. If, however, it can be shown that there are 
direct and indirect benefits arising from an exhibi- 
tion to the country in which it is held, such benefits 
must be set against the losses actually incurred, in 





order to arrive at a fair balance, ‘Thus with the 
Centennial, It will ‘certainly have cost the United 
States a large sum,‘and one of the t indirect 
advantages attending international exhibitions —that 
of money spent in the country by foreign visitors — 
is to a large extent absent. On the other hand, ‘it 
has thrown into the hands of the American exhibitors 
new and important business connexions, which must 
bring with them solid and permanent benefit, un- 
shared by other countries, which were practically 
unrepresented, or rather misrepresented, at Phila- 
delphia. It has been a fitting celebration of the 
hundredth anniversary of a grand nation, an occa- 
sion on which few Americans would stay to count 
the cost, and it has carried with it'those important 
lessons inseparable from all great displays of industry 
and art. 

But there is another and most important point of 
view in which to regard the Centennial—and all 
otherinternational exhibitions—that of the exhibitors, 
Has it repaid, directly or indirectly, those who have 
incurred the trouble and expense of sending goods 
to Philadelphia, of installing them, and representing 
them during the past season? Generally we should 
imagine that exhibitors will be repaid. As regards 
machinery, the show made by ae countries was 
sd insignificant that the profit or loss was neces- 
sarily small, As to American exhibitors we imagine 
that few will regret the part they have taken at 
Philadelphia. 

We notice in the pages of .our contemporary, Zhe 
Engineer, an article (vide that journal 345, 
November 17) in which the Centennial an other 
exhibitions are sweepingly attacked, and the criti- 
cism levelled at the Exhibition just closed, are such 
as to call for some rejoinder in the names of decency 
and truth, For some reason or other our contem- 
porary labours under.a ‘severe and incurable mania 
against the United States, its people, and ‘its in- 
dustry ; and writing in a spirit, bred of ignorance 
and insular prejudice, invents calumnies which it 
supports by unfounded statements, We have 
nothing to do here with the broader question of the 
policy of international exhibitions, but only with the 
torrent of abuse poured out against the Centennial. 
We will notice some of these,statements in detail. 
The writer gives exact figures bearing on the charges 
made to exhibitors for placing their goods in posi- 
tion. They say, ‘‘ When we find that it cost about 
100/. to get a small portable engine from ie 
to its place in the Centennial, no less than 17/. being 
charged for taking it out of a packing’ case.” &c. 
There was only one portable engine from this 
country, that exhibited by Messrs. Davey, Paxman, 
and Co., who also sent a vertical engine and boiler. 
With the question of freight from England to the 
Exhibition grounds we have nothing to do, but the 
charge for unpacking, erecting, and exhibiting lies 
before us. It is for both engines, and is as follows: 

dols. 
Unpacking, cleaning, painting, and erect- 
Lome manson painting 


ing portable fixed engines, pro- 

vising timber platforms sie os = 62,75 
Senora ie Poon oes 19.50 

ages for cleaning, and atten or 

exhibiting same through the whole 


term of the exhibition ... 160.00 


242.25 
The engines had suffered in the passage and 
required considerable cleaning. and painting to 
put them into exhibition order, and the whole 
charge for this was about 12/. for. both engines, 
instead of 17/. for one, as stated by our contempo- 
And this work was done at a time when 
crowds of exhibitors were eager to unpack their 
goods, when workmen were scarcely to be obtained, 
and the almost, helpless British Commission did 
little or nothing to assist. their exhibition. In fact 
as regards this very exhibit, a notification was sent 
to the British Commission that the packing cases 
had been for some days:lying —— coupled 
with a request that workmen should be provided 
for the purpose ; but doubtful of the organisation at 
St. George’s House, men were at once secured at any 
cost to work on Saturday night and ali day Sunday, 
so that all was in place on the Monday morning. 
Some days later a reply was received from the British 
Commissioner stating that workmen were employed 
upon the cases; but long before these men’ had 
finished their-work and had been paid—by our- 
selves, To return, however, to The Engineer. ‘ On 
the whole,” they say, ‘‘ we venture to think that the 
majority of the foreign exhibitors at Philadelphia 
are exceedingly that they ever went there; 
and some of them will be yet more sorry when they 











find that their. choices} devices and most exquisite 
designs are reproduced in the States, and sent to our 
m by men who hold, curious as” it: may 
seem, that while protection is the best thing in the 
world, free trade in the ideas of other men is very 
nearly as good.” In other words that the American 
national character is so devoid of honesty, that it 
has invited foreign manufacturers to temps oe 
that they may be robbed of their ‘ideas, with the 
result of American copies underselling the originals 
in foreign markets. It is almost needless to comment 
on this foolish writing, The above remarks ‘can 
scarcely apply to machinery, because there was 
none exhibited from abroad worth copying, and we 
presume that the ‘choicest devices and’ most 
exquisite designs,” refer to fabrics, ceramics, and 
other art industrial exhibits in the main building. 

Now if the writer in The Engineer had visited 
Philadelphia, he would have seen how far behind 
Europe, America is in its art industries, how 
many years, it may be even generations, must ‘be 
passed before pure artistic taste and industrial skill 
can be developed for the production of the wonder- 
ful, though limited results embodied in the English - 
and French exhibits at Philadelphia... The United 
States is too young, and has been ‘too busy with the 
stern necessities of life to be able to imitate even 
faintly European art, and it is‘to’ Europe they must 
look for many years to come, not for devices and 
designs to steal—the object for which, ryazren, beg 
The Engineer, manufacturers were invited to the Ex- 
ac ray etre for Pryce’ Act Pha objects, nl 
which demand in America is rapidly growing, with~ 
out the least chance of supply except from this 
side of the Atlantic.. What chatice is there then 
that American makers will export their goods to this 
country, and undersell Minton, Maw, and Doulton, 
that France need fear for her porcelain or her velyets, 
that Belgium should tremble for her lace trade, or 
that the business in Vienna goods should be de- 
stroyed by exported. American leather work.. 

The Engineer refets next, in’ the same narrow: 
minded spirit, to the difficulties that occurred between 
the Exhibition and our own authorities, and here they 
have a certain ground for harsh criticism. Exhi- 
bitors had great reason to complain of the difficulties 

in theirway, of the vexatious obstacles raised 
y the Customs, and of many other things resulting 
from bad management. We suppose, however, that 
these difficulties were interesting to us only so far as 
our own exhibitors were concerned. And for them we 
have to thank the British Commissioner. During his 
first visit to Philadelphia, Mr. Owen had foreseen 
them all, and had afterwards matured a scheme for 
smoothing down the obstacles: which shortly be- 
came so formidable. But Mr. Owen was removed to 
make place for Colonel Sandford, who was unfor- 
tunately in total ignorance of the duties of a Com- 
missioner, because he was without any ience, 
and, as all the world knows, it was found expedient 
to recall Mr. Archer when the Exhibition was half 
over. But from our knowledge we affirm that had 
Mr, Owen remained in office, none of the above causes 
of complaint would have remained unremoved. 

We now come to another statement made by The 
Engineer, which we almost hesitate to reproduce. 
‘¢ From first to last there was manifested by the 
Americans a total absence of generous feeling, not 
only towards strangers, but amo themselves.” 
Almost every visitor to the United States during the 
past summer can testify that the statement is devoid 
of truth, To all those properly accredited the door 
of hospitality was opened, and no effort, private or 
public, was spared to welcome visitors. The Re- 
ception Committee of the Society of Civil Engineers 
and the Institution of Mining Engineers carried 
out the work entrusted to them in an admir- 
able and liberal spirit, and Mr, Bogart, repre- 
senting the former, and Mr. Neilson, acting, for 
the latter, were: unwearied in their efforts to faci- 
litate the movements and comforts of visitors. 
Throughout the Nm = States ig of all kinds 
were thrown open to foreigners with a willingness 
and freedom own in any other country, and the 
excursions planned and carried out were on a scale 
a Fi pen eee ge <r 
ungracious effort e by 7 ineer y 
with insult the generosity of Philadelphia Pre red 
the past season, and we can only hope in all charity, 
either that the Boe oy of the pe ad Bier in entire 
ignorance, or that he was one of the insignificant 
few who could not be included within the extended 
pale of American hospitality, We over the 
allusions to the incompetency of the judges, to the 


corrupt American press, and to the “ oppressive and 
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insulting” system practised on exhibitors, and go on 
tion und rupacite of the good people of Philadelphia,” 
tion and it e people iladelphia,” 
which was declared “ pant as, sale even by the 
American . ‘That this accusation is entirely 
false, all who visited Philadelphia can testify. 
Doubtless there were plently of instances of extor- 
tion, but none of these cases oc in the re- 
spectable portions of the city. Hotel charges re- 
mained unaltered, and they are far cheaper are 
known in this country or on the Continent; the 
rices of the various American restaurants in the 
Exhibition were all marked by extreme moderation. 
Carriage hire is always excessively dear in the United 
States, though it was no dearer last summer than 
the year before, but other means of communication 
—tramways and rai s—are notoriously cheap. 
We can readily imagine an individual accustomed to 
a tenth-rate mode of living in this country, and 
seeking similar accommodation in Philadelphia, might 
fall into bad hands, and pay twice as much there 
as in London, but at the large hotels the charges 
made to include all the requirements of the visitors, 
ranged from 4 dols. to 5 dols, aday. So far from ex- 
tortion and rapacity, the householders of Philadelphia 
have earned for themselves a lasting reputation—as 
compared with London, Paris, and Vienna—for 
moderation and fair dealing. 
We will reproduce a part of the peroration of this 
article we pane, bey a yoemnyen P i 
If it could be shown Sony grant van was gai 
in return for all the trouble taken by vahitfors at Phila- 
delphia we should have consolation, but we cannot indicate 
a single benefit reaped by the world in .+.- If the 
present state of trade in the States is to be regarded as the 
result of the Centennial, then all we can say is that without 
the Centennial it must have been so bad as to have almost 
expi together. ... What has become of the in- 
struction the world was to receive? Where are the thou- 
sands of new ideas, American, and therefore very good 
observe the sneer], which the Centennial was to impart? 
fear that when men sit down solemnly and add up their 
new ideas, and put their mental acquisitions together, they 
will find them very few indeed. Tt, ineten press is to 
i silent on the subject; the technical 
urnals one an practically ignored the contents of the 
hibition. . . . our veniese run over the pages of this 
journal for the last six months and see for themselves how 
much that was good and new could be found in the Ma- 
chinery Hall by our correspondent (!!).... The best 
American Te gay ey sent nothing to Philadelphia, 
and the it was that the American department, as a 
whole, represented just what we should expect to find in a 
country not yet very far ad in the art of construction. 
We will not reply to this quotation in our own 
words, nor in those of sev eminent among our 
countrymen, who have already expressed their im- 
pressions of the Centennial Exhibition and of the 
country of which it was an exponent, but we will 


quote from an article written by M. Simonin, so 
well known in the metallurgical world, and recently 
published in the Revue des Deux Mondes: 


It therefore but remains to be inquired into ,what general 
teachi the visitor has derived from the great show, 
especially the European visitor. We may sum up the 
lesson to the following effect: Thanks to the fertility of 
her soil, and the facilities of ~~ 3 on land and water, 
America is now enabled to feed pe with her grain, 
flour, and provisions—nay, with live cattle, as she has 
hitherto already furnished us with cotton. The productive- 
ness of her mines of incomparable abundance enables her 
to do without Europe as pig and merchant iron, 
steel, cop r, and most of the remaining’ metals of com- 
merce. She constructs her own machinery and most of the 
other manufactured goods. But this does not prevent her 
from shipping to Europe the precious metals which we 
require for our ions, and which the new world 
turns out as abundantly as the rest of the world put 
together. As regards coal, to be seen at Philadelphia in 
blocks of enormous size, America will soon produce of it 
as much as England—or rather, as much as rest of the 
or a deposits being twenty times the size of those of 


i economical lesson seems to us the most striking one 
we have drawn from a two months’ stay at the Exhibition. 
America will more and more learn to di with Europe, 
while the latter cannot do without America. It is, indeed, 
a New England which rises the seas, and which 
ey | ——— Old_ England in all ~ 

e extreme East—J ? 
India, as well as in South hessie Nay amy tenon is 
cocoate Sad ree tected on at 

as ) is 

to feel it. ee ye wore i u 

te See vie with. Only connoisseurs can perceive 
To those indeed who are able to learn anything, 
the Centennial has taught an all-important lesson. ft 
has brought under ourimmediate notice agreat people, 
clear-sighted, full of energy and business instincts, 
owning 4 vast territory, the natural riches of which 
throw those of 1 utterly into the shade, Al- 
most every range of climate, every class of soil, pro- 
bably every mineral product, are met with betweenthe 





the markets of the | gro 


limits of her boundaries. ‘The progress she has 
made in a hundred years, despite the almost incredible 
obstacles thrown in her way by nature—and not the 
least of which have been her ‘‘magnificent distances ” 
—affords us a scale by which to measure her advance 
in another century, an advance which will be in- 
credibly more rapid, when political difficulties which 
harass the country on every side shall have dis- 
ys apr Every year sees the United States not 
only more independent of Europe, but approaching 
to the period when she shall become a serious com- 

etitor with European manufactures—an important 
act which the Centennial ought to have impressed 
upon all its foreign visitors. 

The Engineer remarks that the best American 

firms sent nothing to Philadelphia. What then are 
the Baldwin Locomotive Works, Sellers, Corliss, 
and a host of others we could name prominent 
amongst American manufacturers and exhibitors? 
True, many conspicuous names were absent, some 
from the result of accident, like W. B. Bement and 
Son, others on account of the dulness of trade 
which has for so long depressed American industry, 
and who, had the Exhibition taken place afew years 
earlier or later, would have been represented. 
We do not seek for the true motives which have 
led our contemporary into making criticisms so unfair 
and so devoid of truth, as those against which we 
have protested. It is not long since an article 
denying the right of Americans to rank as inventors 
appeared in its columns, and which called forth a 
rejoinder from a prominent United States journal, 
the opening and concluding remarks of which apply 
equally to the present case. ‘Such statements as 
the above, however qualified, can only be character- 
ised as a silly exhibition of ‘spleen,’ and a journal 
which has any respect for itself, or for truth, should 
be ashamed to admit to its columns, much more to 
print it as editorial opinion . ... We concede 
our obligations to the mother country, but when a 
representative British journal asserts that the world 
is under no obligations to us for valuable discoveries 
and inventions, it manifests either dense ignorance 
or egregious vanity.” 








THE SOCIETY OF ARTS AND THE 
PATENT LAWS. 

Tue advocates of a sensible reform in the patent 
laws have determined to be early in the field, and 
the Society of Arts has just presented a memorial 
to the Lord Chancellor on the subject. The docu- 
ment is printed at length on page 443 of the present 
number. For some years past we have persistently 
argued that the reforms most needed in the Patent 
Law were those of detail and not of principle. 
Fortunately for the country these views have pre- 
vailed, and the Lord Chancellor’s Bill bas been 
twice defeated. Should it be brought in again 
during the next session, no effort must be to 
bring about the same result. Whilst, however, 
public opinion has been strong enough to prevent 
the introduction of any change of principle, it has 
not been able to hinder certain administrative 
‘* reforms,” as we suppose they are called. 

The recent changes in the administration of the 
Patent Office have certainly been in the wrong 
direction, as they all tend to lessen the facilities 
which the public have hitherto enjoyed. It is only 
fair, however, to Mr. Lack, the new head of the 
Patent Office, to say that for some of these he is no 
way responsible, as they were introduced by the 
Commissioners themselves after a very searching 
investigation into the affairs of the office by a com- 
mittee, consisting of the Master of the Rolls on the 
Bingen on the part of the ‘Treasury. Lord Alfred 

ingen on the part of the . 

Churchill, in his address to the Society of Arts, 
which we briefly referred to last week, said “it was 
hoped at one time that the Patent Office would 
w into a great scientific de ent; it was to 
this end that the museum and library were founded ; 
but the present Government, which is doing so 
much for science elsewhere, is strangely neglecting 
its opportunities here.” It is rumoured that the 
Master of the Rolls and Mr. Lingen reported dead 
against any such extension of the department. It 
will be seen, then, that the obstacles to be overcome 
are very serious, but, as Lord A. Churchill observed, 
it is quite true ‘‘ that if the Lord Chancellor and his 
co es really wanted this reform, the traditional 
opposition of the to the provision of ad- 
ditional funds for salaries would soon be over- 
borne.” The fact is that this “ traditional opposition 





of the Treasury” is a very convenient excuse for 








heads of departments when they they do not wish 
for any particular reform. Plenty of money is 
always to be obtained to be squandered on the 
merest ‘ fads,” as a glance at the estimates for any 
year will show. The Lord Chancellor’s Patent Bill, 
should it ever become law, would entail an ad- 
ditional cost of at least 5000/. per annum for 
examiners’ salaries. The very raison d'étre of the 
examiners would be the reduction of the number of 
patents ted, and therefore of the revenue of the 
office. It would be a poor result indeed if these 
examiners did not succeed in stopping at least 500 
patents per annum, which would otherwise have ad- 
vanced to the final stage, and would have paid 25/. 
each. Allowing 5/. for the initial fee this would 
occasion a loss to the revenue of just 10,000/. Add- 
ing this to the cost of the examining staff, we ob- 
tain 15,000/. as representing the annual cost of the 
Lord Chancellor’s scheme. Very little, we may be 
supe, would be heard of the ‘ traditional opposition” 
of the Treasury, although the plan would involve a 
‘burning of the candle at both ends.” 

Now the scheme proposed by the Society of Arts 
would not be very expensive, at all ‘events it need 
not cost 5000/. per annum for salaries, and if the 
proper men were appointed, their labours would 
certainlyjnot have the effect of decreasing the number 
of patents applied for. It would be difficult to prove 
that their efforts would stimulate the inventive in- 
genuity of the country, and, even if such a conse- 
quence did follow their appointment, their opponents 
would always be ready to maintain that the increase 
in the number of patents was due to entirely dif- 
ferent causes. The mere question of revenue is 
however a small one, but it is the misfortune of the 
official mind that it can rarely take a broad view of 
affairs, and look to the effects of a particular line of 
action on the general prosperity of the country. 
The printing of the patent ifications has pro- 
bably cost the country about}half a million, and the 
narow-minded economist would lament over such an 
enormous waste of public money, forgetting all the 
while that if these 2 gearner mage had not been 
printed, the number of patents granted would in 
all waging. have remained nearly stationary. 
We have no hesitation whatever in laying it down 
as a general proposition that the greater the facilities 
for ting patents, and for obtaining a knowledge 
of what hasbeen done before, the more will theinven- 
tive ingenuity of the country be stimulated, and the 
more patents will be taken out. 

The difference between the spirit of the Lord 
Chancellor’s Bill and that of the scheme — 
by the Society of Arts is a radical one. The Lord 
Chancellor proposes to spend a very large sum of 
money annually to check the growth of our patent 
system, whilst the se of Arts would spend a 
smaller sum in order to foster and encourage that 
system. It is well that the issue should be thus 
plainly stated. The Society of Arts has certainly a 
right to be heard upon the question of Patent Law 
reform, and the memorial does not claim too much 
in stating that the Society was ‘‘ largely instrumental 
in bringing about the change which took place in the 
Patent Law in 1852.” t the prayer of the 
memorial will be granted we have very smal] hopes 
indeed, but it is at least entitled to respectful 
consideration at the hands of the Lord Chancellor. 
It may perhaps have the effect of causing the Com- 
missioners to consider the advisability of retracing 
the steps which they took some months back, 
notably that most unhappy alteration in the mode 
of reproducing the specification drawings. It will, 
however, not be entirely thrown away if it rouses 
them to work a little beyond the walls of their own 
office, and to think whether after all they might not 
become something more than a mere organisation 
for recording Letters Patent and printing specifi- 
cations. 





LONDON WATER SUPPLY. 

From the accounts that have recently been pre- 
sented to Government on the part of the metropolitan 
gas and water companies it requires no great financial 
knowledge to discover the fact that they afford the 
best investment for capital that can well be chosen. 
The legislation of last session certainly affected the 
— dividends of the gas companies, but still, 
or all practical p a ten per cent, may be 
surely reckoned on by the original shareholders, and 
the issue of new capital, loans, &c., on the best 
possible security still adds to the value of the situa- 
tion, In to water companies, the recent 
public sale of “ fractions” of New River Companys’ 
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shares¥showsJan increase of price that outshadows 
any other improved and improving companies estab- 
lished daring the last two centuries. ater and gas 
are essential to the existence of the metropolis as is 
food to the animal, and hence these companies 
cannot fail to flourish. 

The accounts of the London water companies have 
just been issued, It appears from these that the 
share and loan capital that is paid up is 11,484,731/., 
while the authorised capital amounts to 13,161,775/. 
The following gives the paid-up capital, loans, &c., of 
each. Chelsea, 1,057,700/.; East London, 1,875,580/.; 
Grand Junction, 1,210,000/.; Kent, 607,340/. ; 
Lambeth, 1,256,796/.; New River, 2,769,300/.; 
Southwark and Vauxhall, 1,788,581/.; West 
Middlesex, 119,453/. With the exception of two, 
the East London and the Middlesex, the com- 
panies all show an increase of capital during the 
year 1875. 

The accounts are made up in the case of some of the 
oe to the end of 1875, and the rest to the end 
of March, 1876, but they are half-yearly, so that no 
essential difference is made by way of comparison. 
Adding together the certified dividends for the last 
year of the eight metropolitan companies there was 
a total of 1,107,474/., or about ten per cent. on the 
paid-up capital, &c., as above stated. The total 
cost of maintenance for the year was a little over 
350,000/, It will be seen that the companies have 
still the power to get about two millions more, by 
loans, debentures, &c., than the amount of their 
paid-up capital, In all cases the share capital 
exceeds the amounts of loans and debentures, and 
in some instances the share amount is about double 
that of the latter. 

One, and a most beneficial cause of a yearly cost 
of maintenance, &c., is that the companies are mostly 
increasing the area of their filtering beds. The 
—— reports of the Water Examiner and of Dr. 

rankland, show that as regards the south com- 

anies (except the Kent, which draw their supply 
trom the chalk strata) organic matter both alive 
and dead is almost constantly present, This refers 
to the supply got from the Thames at or above 
Hampton. This serious defect is a matter. of no 
surprise considering that above Hampton Thames 
water is simply the diluted sewage of scores of 
places, and thousands of persons who live adjacent 
to the banks. It is true that this injurious state of 
things is annually on the decrease, owing to the 
action of the Thames Conservancy Board, or the 
wisdom of local authorities stimulated by the law 
courts. Yetmany yearsmustelapse before the Thames 
can become a fit source of supply to the metropolis, 
and it is probable from recent facts that the chalk 
strata may be more largely used than at present. 

It will thus be seen that the water and gas supply 
of the metropolis involves a total capital of nearly 
25,000,000/., or, say, about 6/. per head for man, 
woman, and child. The sum is enormous, but it be- 
comes more remarkable from the‘fact that the much 
greater portion has been accumulated during the 
past 50 years, as before the commencement of this 
century gas lighting was unknown. 7 
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Minutes of Proceedings of the Institution of Civil Engi- 
neers; with other Selected and Abstracted Papers. 
Vol. XLVI., Session 1875-76, Part IV. Edited by Jamzs 
ees Secretary. London: Published by the In- 
stitution. 

THE prestige of the Institution of Civil Engineers 

is well sustained by the volume now before us. 

This volume is the fourth—and concluding—part of 

the ‘‘ Minutes” relating to the session of 1875-6, 

but besides containing the six last papers read 

during that session, with the discussions upon them, 

contents embrace three other selected papers as 
well as a large number of the abstracts of papers in 
foreign transactions and periodicals which have now 
for some time formed such a valuable feature in 
these ‘‘ Minutes.” 

The first paper in the volume is a short one by 
Mr. David Alan Stevenson, describing the con- 
struction of the Dun Heartach Lighthouse, and this 
is succeeded by one “On the Changes in the Tidal 
Portion of the River Mersey and its Estuary,” by 
Mr. J.N. Shoolbred. Mr. Shoolbred’s paper contains 
some valuable statistical information, and it was 
followed by an interesting discussion. Next comes 
& paper on “‘ Fascine Works at the Outfall of the 
Fen Rivers, and the Reclamation of the Foreshore,” 
by Mr, W. H. Wheeler, a subject of special interest 











at the present time when reclamation works are 
attracting considerable attention in many quarters. 
Abstracts of these and the subsequent papers have, 
we may remark, already appeared in our columns, 
and this renders it unnecessary that we should 
summarise their contents here. 

The two next papers related to the same subject, 
and were discussed together, the one being ‘‘ On the 
Construction of Railway Wagons, with special 
reference to Economy in Dead Weights,” by Mr. 
W. R. Browne, and the other one on ‘“ Railway 
Rolling Stock Capacity, in Relation to the Dead 
Weight of Vehicles,” by W. A. Adams. In the 
first of these papers the author commences by deal- 
ing with the considerations which fix the best sizes 
for ordinary railway wagons, and he then expresses 
his views as to the various details of wagon con- 
struction, and describes an 8-ton mineral wagon 
built by his firm for use on the narrow gauge 
system of the Great Western Railway. Mr. Adams's 
paper, on the other hand, we may describe as con- 
sisting of a series of notes on different types of 
wagons in use on various lines in this country and 
abroad. ‘The weights and capacities of the various 
classes of vehicles are given, but scarcely any 
further description, and altogether the information 
is too meagre to enable anything like a just idea to 
be formed of the various types of construction. ‘The 
discussion on the two papers elicited far more in- 
formation on some points than is contained in the 

apers themselves, and we may especially mention 
te Berkley’s highly interesting tabular statements 
of the proportionate weights, capacities, and bear- 
ing powers of ae on various English and 
foreign railways of different gauges ; but taken asa 
wholeneither the papers nor the discussion appear to 
us to do full justice to the subject under considera- 
tion, many points of importance being in fact not 
touched upon at all, while the information {afforded 
as to foreign practice is in many respects very in- 
complete. 

The last of the ordinary pa contained in the 
volume before us, is one by Mr. R. Price Williams 
‘On the Permanent Way of Railways.” This is 
one of those admirably complete statistical papers 
for which Mr. Williams has already obtained a 
reputation, and it contains data of the highest value 
arranged in excellent form for reference. Thus in 
addition to the elaborate tables, the paper is accom- 
panied by a number of coloured diagram plates, in 
which the costs of permanent way maintenance and 
renewals for all our principal railways, are clearly 
shown, the spaces representing the various items of 
this cost being differently coloured. Other dia- 
grams too give information as to the duration and 
renewals of the rails on the Great Northern Railway, 
with particulars of the gradients and nature of the 
road bed at the maya) rang In speaking of the 
relative properties of different classes of steel rails 
Mr. Williams gives some interesting information re- 
specting the relative strength, &c., of rails made 
from cogged and hammered ingots, the evidence 
being in favour of the first-named system of pre- 
liminary treatment, He also gives tables and 
diagrams containing valuable data as to the relative 
strength of undrilled, drilled, and punched rails, the 
rails experimented upon having been in some cases 
allowed to cooi in the ordinary way after rolling, 
and in the others cooled suddenly by immersion in 
cold water. The results show decisively the weaken- 
ing effect of punching as compared with drilling, 
and they also prove the important advantages 
obtained by the sudden cooling of the rails by 
immersion. This mode of cooling not only gives 
the rails greater ultimate resistance, but also in- 
creases their toughness in a remarkable degree, the 
effect being particularly noticeable in the case of 
rails which are subsequently punched. In fact, in 
the case of punched rails, which have previously 
been suddenly cooled by immersion, the elastic re- 
sistance is increased in the proportion of 27} to 22, 
and the ultimate resistance as 8 to 5, as compared 
with rails cooled in the ordinary way. These facts 
are of much importance, and they are, it may be 
noticed, quite in accordance with what might be 
expected from the investigations concerning the 
structure of steel carried out by M. Chernoff, of 
whose labours we gave a summary on page 559 of 
our last volume, and whose memoire on the subject 
we published in extenso on pages 1] and 40 ante. 
Altogether Mr. Williams's paper is one of exceptional 
value, worthy of careful perusal by all interested in 
railway maintenance, while it was followed by a 
discussion also of much interest. 

Next wecome to the “selected papers” or papers 





which, although not read at the meetings, have been 
selected for publication in the Transactions of the 
Institution. These papers are three in number, the 
first being one on ‘ Slate Quarrying in the Festinio 
District, North Wales,” by Mr. A. A. Langley an 
Mr. C, J. Bellamy, This is an excellent descriptive 
paper, containing a ere deal of information on a 
subject concerning which little of professional value 
has been written. The next of the selected papers 
is one ‘On the Resistances of Boiler Flues to 
Collapse,” by Professor W. Cawthorne Unwin. 
It will be remembered by many of our readers that 
several articles have lately appeared in our columns 
in which we expressed views differing from those 
enunciated by Professor Unwin in some letters ad- 
dressed to us, and which we also published. This 
being so, we are desirous of dealing with Professor 
Unwin’s paper at more detail than would be possible 
in a review like the present, and we therefore pro- 
pose to refer to it again in an independent article 
on an early occasion. We are further induced to 
take this course by the fact of the subject being one 
of considerable importance, while anything written 
by Professor Unwin on such a question is certainly 
worthy of special attention. 

The third and last of the selected papers is one by 
Mr. D. K. Clark on ‘‘ The Evaporative Peformance 
of Steam Boilers.” This is also a paper which can 
scarcely be criticised within the limits of a notice like 
the present, and we shall therefore probably refer 


to it again on a subsequent occasion.. We may re- 
mark, however, that the paper summarises many 
valuable rimental data, while the deductions 


from these data are no doubt for the most 
sound, While, however, we agree with Mr, Clark 
in po we certainly cannot agree with him wholly, 
and in particular we may point out that as re 
portable engines, he appears to have been misled by 
assuming that the average proportions of the boilers 
of the engines which competed at the Royal Agri- 
cultural Society’s trials at Cardiff in 1872 represent 
the proportions adopted in ordinary practice, Thus 
he concludes that ‘ the standard of average practice 
for portable engine boilers of 8 horse power 
nominal” is to provide 5.5 square feet of fire 
grate surface and 220 square feet of heating sur- 
face, whereas this heating surface is certainly 
30 per cent, greater than that ordinarily pro- 
vided for such an engine, This error of course 
affects some of the deductions, Mr. Clark’s paper, 
however, contains evidence of much careful investi- 
gation, and it is well worthy of attentive . 

The selected wane are followed by memoirs of 
two deceased members of the Institution, viz., Mr. 
J.P. Ronayne, M.P., and Mr. E. B. Scott, and then 
come the numerous abstracts <p in rc 
transactions and periodicals, e have already 
spoken in high terms of this addition to the Pro. 
ceedings, and we need only say that the present 
series of abstracts, by the range of subjects 
they cover, and the care and judgment with which 
they have been prepared and edited, fully maintain 
the character earned by previous selections. 
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Gas aT SAN Pauto.—The directors of the San Paulo Gas 
Company (Limited) recommend a dividend upon the ordi- 
shares in the company for the half-year ending June 30, 
1876, at the rate of 6 per cent. per annum. The directors 
add that everything is working favourably, and that the 
consumption of the company’s gas is steadily increasing. 
rag toe Tiny mag emay. ing its borders and extending 
its facilities in view of the railway development now going 
on in the province. 
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so. The only way .of ing in science, the only | with the three axes the angles NOX=a', NO Y=! and | But this can only be when themember of the above equation 
scientific m in Oe ee ee an he NOZ=7'. Say further: — : containi op ored #9, As A and B are inly not 
adopt what has been proved and to adopt m malice? for t=the time.at which the combination of the two | equal to 0, we get: 
everything else consists of ‘“ unsup; assumptions.” rays takes place, from the moment of their Cos. a ¢os. &' +08. B. cos. B'+cos. Y. cos. 7'=0 

In the last paragraph of his » your contributor leaving their common source. Another law in i of ts us that 
smashes his own windows, as the Dutch say. In one of his d=the difference between their phases at the | the sum of these three ucts is aan to the cosines of 
earlier articles he has ascribed the cohesion of matter to time ¢. he angle formed by the two directions, or, ‘ 
the intense pressure of the ether ; he now gives the vibra- | «and «+d=the distances over which the two rays have MON i se 
tions of the molecules of mattter themselves as the cause. travelled at the time t. le M =90 deg. 


One of the two must be evidently wien! as I take it, both. 
The first, for the simple reason that the ether is both in- 
side and around a body, and the ether in the interior is 
denser than the ether outside, so that it must tend rather 
to the disintegration of matter. The second, because heat 
certainly makes the molecules of a solid vibrate round their 


centres of vibration, but does not k those centres at 
fixed distances from each other. At 2 a below zero, 
there will be no vibration, each molecule will be in its centre 


of vibration and will be kept there by the attractive and 
repulsive forces acting between it and the om ages yy: | 
molecules. Heat, by trying to move the molecules out 0: 
these natural positions, tends to produce disintegration, 
not cohesion. 

If your contributor will adduce any mathematical and 
scientific evidence in favour of his hypothesis that there is 
no action at a distance, and no ay evade that question 
as he done now for nearly a year, I shall be very happy to 
discuss the matter with him, and I have no doubt we wi 
then, sooner or later, come to a mutual unders' i 

Believe me, Sir, yours faithfully, 


E. J. SrnLEM. 
Amsterdam, November, 15, 1876. 





Fresnel and Arago’s Investigations of Polarised Light. 


The assumption that polarised light consists of vibrations 
perpendicular to the direction in which the light is pro- 
pagated, was at first only a hypothesis, added to the 
original theory of Huyghens on the nature of light, in 
ole to explain the phenomenon of polarisation. Soon 
after, however, Fresnel and Arago succeeded in proving 
that if light consists at all ofa vibrating motion of the 
ether, these vibrations can only be transversal ; with other 
words, that the above-mentioned assumption is by no means 
a new hypothesis, saddled on to the original theory pour le 
besoin de la cause, but the onmany consequence of the 
fundamental law on the nature of light and of the observed 
facts. These facts are the phenomena of interference of 

larised light, as contained in the four laws known as the 

aws of Fresnel and Arago. The two first of these laws 
form the foundation of the mathematical demonstration of 
the transversal vibrations. They are : : 

1. Two polarised rays interfere like ordinary light, if 
the planes of polarisation are parallel to each other. 

2. Two polarised rays do not interfere at all, if the planes 
of polarisation are perpendicular to each other. In this 
case they always produce the same intensity at their con- 
junction, whatever be the difference between their phases. 

These two laws were discovered in 1816 ; they may beproved 
by various experiments. The simplest is the follo : 
Between the thin line of light and the mirrors in Fresnel’s 
well-known mirror experiment a crystal of cale-spar is 
placed so that of the two cones of light leaving the crystal 
only one falls on the system of mirrors. On a screen 
placed in a suitable position before the mirrors the inter- 
ference lines will appear just as they would for ordinary 
unpolarised light. 

To prove the second law the two physicists used a crystal 
of tourmaline. This substance, like calc-spar, has the 
property to divide a ray of _ into two rays, polarised 
vertically to each other, but it the peculiarity of retain- 
ing one of these rays, and to emit the other only. Tourma- 
line, like cale-spar, crystallises injthe hexagona — ; the 
omnes ray is polarised vertically to the axis of the crystal. 

rom a 
to the axis of the crystal, two equal pieces are cut out. 
These pieces are fixed before two narrow openings through 
which light is let into a darkroom. Now, if the two pieces 
have been placed so that the axis of the crystal in one is 
vertical to that in the other, the two rays will not interfere. 
Turn one of the plates ever so little, and the lines of inter- 
ference will appear immediately. 

‘* This experiment teaches us,” says Fresnel,* ‘ that two 
rays of light polarised in planes perpendicular to each other 
produce at their conjunction light of constant intensity 
whatever may be the difference between the distances over 
which they have travelled since leaving their common source. 
From this fact it follows necessarily, that in the two rays 
the vibrations are vertical to each other, and to the 
direction of the rays.” 

This can easily be proved by means of the well-known 
laws of the combination of two vibrating motions : 

Suppose a system of co-ordinates, Fig. 2, placed so that 





one of the axes, say O X, coincides with the 
the two polarised rays, while the axesO Y and 
perpendicular to each other and to O 
of vibration for one ray be O M, forming 
angles MOQ X=a, MOY=8, and MOZ=y. Let the 
direction of vibration for the second ray be © N, forming 


se 


ate with two flat sides parallel to each other and | 


V and V'=the distances of the two molecules of ether 
from their centres of vibration, at the 


time ft. 
A and B=the amplitudes of the two vibrating motions. 
T=the time necessary for an entire vibration. 
l=the length of the wave.* 
Now, we have for the first ray the equation : 


V=A. sin. 27 (; -4 ) 
and for the second ray the equation : 
V'=B. sin. 24 (5 #4 
s & 
The three components of V in the direction of the three 
co-ordinates are : 
Cr=A. cos; a. sin. 27 (5 -4) 
oo 


t+ 2 


? 7 


Cy=A. cos. B. sin. 24 
C.=A. cos. Y. sin. 27 ft _ # 


T 
The three components of V' in the same directions are : 


C's=B. cos, a’. sin. 2 (5 =S -+) 
. See Bee 

C'y=B. cos. Q!. sin. 2 ¢ (; -2 -*) 
. ee } 

C'L=B. cos. 7". sin. 2¢ (£-—2-2)\. 

cos, ¥'. sin n(5 i ) 


Now, according to the laws of interference, the three 
components of the resulting Yaouiing motion in the direc- 
tion of the three co-ordinates are each equal to the sum of 
the two components, in the same direction, of the two 
original vibrating motions, or : 

BR,=Cr+C', 
Rv=Cy + C'y 
Rs=Cz +C's 
Re=A. cos. &. sin. 29 (7 -5 ) +B. cos. a'. sin. 24 


(7-4-7) 
ee. ee 
‘ t @ d 
Rz= 2 — ae ° - a . a. . ~ 
sin «(i 7) {A-008. a.+B.cos. a'.008.2 x ¢ } 


¢ : d 
+cos. 2 on"Paas - cos, a’. sin. ~ - 
«(5 + ) {B-cos.a sin. 2a 3 } 


” Now, if we determine two values Dz and Ex by the equa- 
ons : 


Ex . cos. 2 7 De A. cos. %+B. cos. a’. 008. 2 2 (I.) 
and 
Es sin. 27 > = B. cos. a!. sin. 2 7 ¢ . (L.) 
we get for Rz the equation : 


Re = Ex .cos. 27 isin. 2 (5-5) + Es. sin. 2 


Dz te 
— 2 “a 
i cos «(5 ;) 


Re =Er. sin. 29 (5 _# _Ds ): 
- s...% 
The two equations (I.) and (II.) give : 
Ez?=A?, cos.? «+ B?. cos.? a'+2 AB. cos. & cos. a'. 


27 = 
cos i 


or, 


which is the expression for the amplitude of the resulting 
vibration. 

By repeating the same calculation for Ry and Rs we get : 
Ev’?= A?. cos.? 8+B?. cos.* 8'+2 AB. cos. 8. cos. 8’. 


cos. 27 — 
l 
and 
E?, —A?. cos.2 7 +B?*. cos.? 7'+2 A B. cos. 7. cos. 7*. 
cos. 2 7 a. 


1 
The resulting ray has the amplitude : 
R*=E?- +E y +E*, ’ 


Ri=A? (cos.? « +cos.? 8+ cos.” Y)+B2 (cos.? a! + cos.? B'+ 
co0s.?7') + 2 AB. cos. 24 T (cos. a. cos. a'+cos. 3. cos. 8 


ion, A my law of analytical try of 

ow, acco a law o metry of space, 
the sum of the squares of the cosines of fare angles which 
one line forms with three co-ordinates, is always equal to 


1; sothat: 

Gos.? a + 008.2 8 + 008.2 ¥=cos.? a'+c0s.? B'-+c08.? '=1, 
and therefore : 
R*=A?+B?+2A B. cos. 27 4 (cos. a. cos, &' +cos. 8 cos. 


B" +008. 7. cos. 7’). 
Now, according to the second law of Fresnel and Arago, 
two rays, polarised vertically to each other, give at their 
combination an intensity which is independent of the 
diff erence of the phases. In other words : 
R*=constant. 


, ang 
With other words, the directions of vibration of two rays 
po vertically to each other, are also ical to eac 
other. From this and from the first law of Fresnel and 
Arago, it also follows that the vibrations are vertical to the 
direction of propagation ; for, as soon as we turn the plane 
of polarisation of one of the rays, the intensity resulting 
from their interference becomes again dependent on the 
difference between their phases. In that case the sum : 
Cos. &. cos. w!+cos. 8. cos. B!+cos. 7. cos. Y.! 

becomes either smaller or larger than 0, or the angle be- 
tween the two directions of vibration becomes smaller than 


90 deg. 
It follows inemelinhsln ies in no ray the vibrations can 


be longitudinal, for in that case the angle MO N would not 
be altered by a of the planes of isation. 

If we turn the plane of poarepticn 90 deg., then, 
according to the first law of and : 

a a. cos &.!+c08. 8. cos. B'+cos'y: cos: Y'=1, 
80 


angle MO N=0. 
For, according to the first law, two nage polarised in 
el planes interfere like ordinary light, and for the 
tter the amplitude is found by the equation : 


R?=A?+B? + 2AB. cos. and , 


Now, if the directions of vibration of the two rays were 
only vertical to each other, without being vertical to the 
direction of propagation of the light, the rotation by 
90 deg. round its direction of p tion of one of these 
8 could never cause the two directions of vibration to 
coincide. 

_ Thus it follows from these two laws that in polarised 
light only such vibrations take place as are vertical to the 
direction of peepeeniion, Now, if this is the case with 
polarised light, it must also be with unpolarised. For when 
a bundle of light strikes'a crystal of cale-spar vertically it 
is divided into two rays of | i eo which no longer 
contain any longitudinal vibrati any such had ever 
existed in the incident ray they must have been 
entirely destroyed. But this w cause a decrease 
in the vis viva of the motion of the ether, or, 
with other words, a decrease in the intensity of the light. 
Experience, however, teaches us that this is not the case. 
For the two rays being re-united “a as intense a light as 
the incident ray ; at least if we add to the former the small 
quantity of a that was reflected by the crystal. Neither 
is it possible that the longitudinal vibrations should have 

gone into this small quantity, for if we let this reflected 

ight go through a second are, it is polarised in exactl 

the same way as the light that went through the first. th 
follows that also ordi un light contains only 
such vibrations as are vertical to the direction of the wave. 

In fact, Dove has shown experimentally* that natural un- 
polarised light may be considered as a very quick succession 
of pay eee polarised in the directions of all possible 
azimu' . 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
fair attendance on ’Change at Middlesbrough, although 
many gentlemen were absent owing to the School Board 
election, a matter which had caused considerable excite- 
ment in the town. The prices of pig iron are unaltered, 
being based on No. 8 selling at 46s. 6d. per ton. Some of 
the blast furnace owners ask a higher rate but they cannot 
obtain it. The real fact is that there is rather a weaker 
demand. Everybody is unsettled in consequence of the 
uncertain state of affairs in the East and the fear of a 
European co’ tion. If peace were firmly established 
there would be an apoorenent in trade at once, and it is 
oe that gradually but certainly business would get 

r. 


The Finished Iron Trade.—It is no use writing at an 
length on this branch of the iron trade. The sim 4 trut: 
is that there is next to nothing doing in rails, and, therefore, 
practically continued stagnation in the finished iron trade 
of the North of England. There is certainly a good 
demand for shipbuilding iron, but that is comparatively of 
small importance when com to the rail le, which, 
when in full operation, affords employment to so many 
thousands of men. 

Iron versus Steel Rails.—We hear that Mr. Isaac 
Lowthian a M.P., has ree in pl i i 
some eminent engineers 
he has been making pty oye 4 
Cleveland iron. Ina short time some interesting details on 
this subject will be made public. 

PR creat me ae pe om is no roe ape in 
coke trades. wages question is again 
under consideration. 7 

Engineering and Shipbuilding. — On 
is qnite clear in these trades the wi will be 
more cheerful one than was a little while ago 

Gas at Parna.—The Brazilian city of Para is now lighted 
with ee he 2 Tae company. gs phi pent ae cn 
per 1000 cubic feet. te ; 











* Mémoires de I’ Académie Royale de France, vol. vii. 








* t, T,-and 1 are, of course, the same for both rays. 





* Dove, Farbenlehre; page 108. Berlin, 1853. 
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THE CENTENNIAL EXHIBITION. 
Tus Reczrpt or Goops—TERMINAL SERVICE. 


cial Report of Mr. D. Torrey, ] Bureau of 
at Transportation, Reception of Goods ~ ment, 
Tux labour of ing for an exhibition of such mag- 
nitude is a by many perplexing uncertainties ; 
in no department the general work are these more 
manifest than in that of transportation, very little being 
known in advance of the gross quantity of goods, or of the 
characteristics of articles of excepti weight or dimen- 


sion which will be received, whic information has great 














wi and peculiarities, the ice to 
porloomed within an unstabed but certainly limited period 


of time. 

As to the aap ye Soy to be received, the result 

general survey of the situati in 1875 was to estimate the 

am requirement of facilities for handling the exhibits 
be for 40,000 tons net of them ; but to meet contingencies 

it was decided to prepare to handle even more, if necessary ; 
i aa wn, 


ights, dimensions, service to be 
of 


or, in to have an expansive arrangement. 
It will be understood that such requirements depend more 
upon the time within which goods may arrive than the 
quantity of them. The disposition of a thousand car loads 
of articles may be a trifling matter if spread over ten days’ 








. - 
so wished, to transfer the working force 


place where its serviees were 


railroad tracks, constructed in connexion with the 
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GROUNDS FOR EMPTY BOXES 
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value in determining the character and extent of facilities 


Wilk’ regard to stances attending the Exh 
i circum i Exhibition 
of 1876, it is to be remembered that there was a tardiness 


on the of Americans in ing for exhibiti 
aes buildings to ~ 


space 


i Stal i Tat be aot tale 
bee roy od no 
x pores fe the case, in whic 





SCALE 


time, which, if to be handled within three days’ time, 
— overtax every facility provided for the . 

he prominent features of the stan ofughedt ana their 
relative importance, are as follows: First, the service of 
an organised body of men, known as the terminal force, 


common to the whole work, who, to the exclusion of ex- 
hibitors, their agents and commissioners, should unload 


ears, place goods on the space to which , and 
perform all related service; second, the vision of 
separate sidings for limited sections of the exhibiting s 

or portions of. the enclosure; third, i 


constructing 
sidings so that the use of any one would not interfere with 
the ing of cars to and from other; fourth, 
freight platforms to be bult to the beigh of the car floors 
arranged use of trucks for transporting goods 
from the cars to their destination. 


On arrival at the Centennial station of the Pennsylvania 












Exhibition and under the control of its authorities, ex- 
tended from Elm Avenue, the point of connexion with the 
tracks of the Pennsylvania i , to various p) 
within the grounds. The movement of freight cars over 
these tracks was entirely independent of the agents of the 
lvania Railroad, who the loaded cars, 
locked and sealed, across Elm Avenue, as in ordinary 
business such cars when en route are transferred from one 
railroad company to another, and at this point the service 
of the terminal force commenced. 
It was desirable that goods in cars should be 
to as near their destination as possible, so there were pro- 


vided man; of deli within the grounds. 
peat ch dee in hy 
the work, itted a large increase of the force 


ith pt a aang tage weer ine the 
of expansion which it was foreseen might become of the 
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utmost importance if the receipt of the bulk of the exhibits | directions for their different exhibitors. These labels or | with painted lines on the floor and designated by his appli- 
should be crowded into the few days immediately preceding | tags, with the manner of filling, will be understood from | cation number painted within in large figures, or, as in 
the opening of the Exhibition. the copy of one given upon the next some of the foreign sections, by his 








x q name. 
So much depended upon the of the directions | The location in the to which an article was ad- The men employed in the terminal force readily became 
on Loner wy that the printed labels and were | dressed was known tee Winvtioas on the labels, 7 familiar with the manner of finding the exhibitor’s space, 
meet the requirements of each lot of s, and | in accordance with the system of designating columns an 


led in to and would move from the siding with loaded trucks and 





Fic. 3. 





























mailed to American exhibitors, with explicit instructions ; the plan of marki 
how to use them. It was intended that this should be done | within the buil 


off spaces on the floor. Each column | traverse the building by the most direct line to the exact 
; i ant! numbered ; the letters t without confusion or loss of time. The 
with foreign exhibitors by the respective national com- a the lines of columns in one direction, and the | the buildings were laid on the ground, the earth being well 
umn 
tion 


missions. The assignments of space in the foreign sections | m e lines crosswise in another,—each exhibitor’s | packed 
being determined and marked on plans of the buildings loca‘ i defined with reference to the nearest column. which permitted running the heavily ladened trucks any- 
the commissioners, they only oul give accurate md The space allotted each exhibitor was carefully outlined ' where over them. aad 
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were ht to the by cartage or 
in the te at the and received a per- 
mit to enter the grounds, and directions where to deliver 





TO THE DIRECTOR-GENERAL OF THE 
UNITED STATES CENTENNIAL COMMISSION, 

















INTERNATIONAL ‘On oF 1876, aT 
- r . —_— rs 
= iG Diigo 
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The arrangements did not permit the carrying of goods in 
and ont of the be gee special written permit, ex 
cept by the terminal . The risk of stealing precluded 
any other method. 

he chiefs of the Bureau of Administration had charge 
of the buildings and interests of the Exhibition, as fol- 
ows : 

D. Torrey, Chief of the Bureaw of Transportation, of the 

tion of goods. 
enry Pettit, Chief of the Bureau’of Installation; of the 
Main Building. 

J. 8S. Albert, Chief of the Bureau ‘of Machihery; of the 
Machinery Hall. 

Burnet Landreth, Chief of the Burean of Agriculture, of 
the Agricultural Building. \* #¥'' 

Charles H. Miller, Chief of the Buréau of Horticulture, 
of the Horticultural Building. SL hace wneneniiaia 
John Sartain, Chief of the Bureau of Fine Arts, of the 
Ae Ciel of he Bureau of Transportati pted to 

e Chief of the u 0! rtation recei; 
the railroad companies for the pa brought by them. 
They were placed by the terminal force on the space allotted 
to the exhibitor, when the chief of the bureau in charge of 
the building receipted to the Bureau of Transportation for 
and thereby became custodian of them. Permits for the 
tion of goods and material were issued by the Bureau 


of Transportation, permits for removing them by the officers 
of the bureau in c of the building. articles or 
to be rem were in the foreign section of the 


Babi 


tion, a it was obtained from the customs officer 
in charge, he ible as storekeeper for the cus- 
toms duties on them. 


Only the Adams’ Express Company, of the several com- 
ing express business, opened an office at the 
a. ‘neong ——— Hy | eg 

agency a elivery o 
several wagon loads of small packages of supplies delivered 
to exhibitors throughout the grounds. It would be im- 
possible to devise any more convenient ani satisfactory 
manner of shipping of exhibits to and from an 
Exhibition than.by system of the American express 
sarted’ $0 sill fran dapoto, taking goods at the shige 
things ca: t , taki a i 
per’s door and Gelivering them in the building to 
addressed 


Railway tracks for the deli of exhibits were, when 
possible, located without the ings, for the following 
considerations: The use of locomotives within the build- 
ings is objectionable from the increased risk of accidental 
fires which they can so easily communicate to packing 
material, and from the annoyance of smoke and cinder. 
which might damage delicate fabrics being un and 
displayed. The location of tracks within buildings 
necessitated devoting almost exclusively to their use a much 
larger part of the floor than can be kept for avenues and 

e ways, and which if so taken is unavailable for other 
rtant soqenemente. The least width of space of an: 
ue for tracks must be of the width of the car body, wi 
the additional width of space on which to handle goods as 
unloaded, without tre ing upon the locations of exhi- 
bitors, and if there am tacdinel on one line of track there 


must be a second track past the first siding to it the use 
of both without interference. Exhibitors w , if deprived 
of the use of the floors in the avenues and ways, 
find themselves seriously em iim show cases, 
unpacking exhibits, &c., operations which, toa considerable 
extent, must be conducted thereon. Go’ by these 


considerations, the rule generally followed was to locate 
tracks without the Exhibition bui 
The exceptions were as follows: The to; hical fea- 


tures of the grounds surrounding were such 
as to impose great expense if this rule were followed, 
and the rails were laid through south transept of the 
building. To facilitate the delivery within Machinery H: 

of the exceptionally heavy articles to be “ecéived, single- 
track roads were laid in the two principal avenues of that 
building, use being had also of the track which crossed the 


transept connecting the hydraulic annexe. Finally, 
was a line of track through the transept of the United 
States Government : 

In addition to these within, there were without 
the buildings double lines of railway on the south side of 
Machin all, on the north side of the Main Building, 
and a triple line of tracks on Belmont Avenue, altogether 


‘all | two lines of railroad track, with an 


(See the plan | | 


oud the: ma ing of 


a with wagon trucks at the commencement of 
operations led to an abandonment of the plan. The two 
locomotive cranes of Messrs. Appleby Brothers, London, 
were kept during the receipt of as stati cranes 
— only two or three removals), transfe articles 
rom cars to wagon trucks which were hauled by labourers 
to the place of delivery. There was also erected a ten-ton 
stationary steam crane at siding No. 12, where it proved a 
valuable aid in transferring heavy articles from cars and 
wagons to wagon trucks to be hauled into the building, or 
from cars to wages for transportation to parts of the 
Exhibition unds not accessible by railroad, the crane 
being P so that the jib could swing over cars on both 
lines of track and also over the roadways and platform both 
sides of these. In addition to the above mentioned cranes 
there was the portable hoist which lifted articles of 3 or 
4 tons weight and held them in suspension until hauled to 
the place of delivery. In the grounds the Aveling and Por- 
ter road engine, with a crane attached, rende: valuable 
and efficient service, as with the use of the wagons it both 
handled and transported goods in the performance of its 
service. 

The shear spars were rough bodies of pine trees, equipped 
with common falls and tackle ; they were generally set astride 
the tracks, and in use held their loads suspended 
until the car was pulled away and replaced with a wagon 
track, to which the article was lowered, and as before trans- 
ported to the place of delivery. 

Special mention, to any great extent, of the manner of 
handling ee articles is unnecessary. Several loco- 
motives exhibited at considerable distances from the line of 
track were run to their positions over a portable track con- 
structed in sections. Very heavy cannon were lifted with 
hydraulic jacks, blocked bs and pushed over skids into 
position. oo cases of plate glass which had to be kept 
on edge were set in a frame, which travelled over loose 
rollers (Fig. 8). 

The live stock exhibit ison grounds formerly used as a 
stock yard, adjoining the down track of the main line of the 
Pennsylvania Railroad. The surface of the field is the height 
above the level of the rails of a car floor, and bounded by a 
retaining wall, built to facilitate unloading stock-cars, as 
formerly used. The cogneens meets every requirement 
of our service ; and to enable us to use it, the officers of the 
Pennsylvania Railroad have reserved for this the 
track in front of the grounds, running their over 
-~ —_ of rails que ~_ use. 

e handling and storage of empty packing-cases was in- 
cluded in the terminal service. They bere taken from the 
buildings to the sidings, often by ape = be trucks, 
loaded on empty cars, and hauled to a h field for 


with ex-. 
results 


storage in sheds ; these sheds were to countries, and 
thecases placed therein were registered and labelled, to enable 
any icular ones to be found. sheds wel rage ongh 
structures, and only those parti 


They were four poral rows along 


cularly valuable cases. 
twere 10 ft. igh, 
acaete 


1,360,000 cubic feet. They differed in 
32 ft. wide, and of a length which was some 
The sheds were numbered, and within each one the sections, 


there | 16 ft. square, were designated by letters. Ail the cases in 


each of these sections were registered, so that the location 
of every case was known with sufficient precision to answer 
all practical purposes 








e following diagram illustrates the arrangements : 
| F | E D Cc | B | A | North. 
F | E D c B | A | South. 











The total number of 
number 








cases measured 
about 40,000, which 


for, placed in the sheds, was 


with | tified 





does not include the very large number of smaller cases 
laced within the ones as permitted, and which was 
one by many exhibitors to an extent that made the 

cases heavier when stored as empty than when packed with 
In some i with foreign exhibitors, 

ties always 





by instances, usually wi goods 
were forwarded to the Exhibition without complying with 





tho rexalations zeloting sheveto 
b trouble and 


i Ty i ieMinaans tedire tho val of 
service 
ted by which ity of goods 


ti 
be saifatoly nod 
confusion or disorder: thought to parable from 
scree oot , 


nm can without 


withethe success of the 


L 


b of exhibitons, ge 

which experience proves to be the best yet 

The trouble, , and confusion avoided by this 

ar of receiving over any previously tried jus- 

its arbitrary. enforcement:at.an exhibition of such 
magnitude as this. 


. GENERAL OBSERVATIONS. 

Arrangigpenin for receiving at such e exhibi- 
tions must. be determined | from endl eed 
created by peculiarities of location and business customs of 


pert at the very i tion of the , and all rail 
tracks needed to facilitate the cheap construction 
of buildings and the making of I preparations should 


be located so as to be available in handling exhibits without 
incurring additional expense for changing their location to 
adapt them to pon ey service. 

perience confirms the anticipated advantages of having 
the terminal force under a single administration. That the 
expense of this service should be cheerfully paid for by those 
for whom the work is done is undeniable ; yet it will be com- 
plained of by undiscriminating and selfish exhibitors, and as 
a matter of policy may be assumed as a general expense of 
an exhibition rather than undertaking to collect it. But 
should its collection be decided upon in  g anny it will, 
under circumstances like those experienced » be best to 
admit free everything brought to the Exhibition previous to 
a date some weeks in advance of the opening ; to the 
determined rate from then to the date appointed for limit- 
ing the receipt of goods, and to collect double rates on all 
things brought afterwards. 

_It is clear that goods should not be shipped to an exhi- 
bition by any one, native or foreign, until the shipper is 
supplied with address labels, designating with precision the 
place of delivery, and that commissioners should not issue 
these labels until the space on which the exhibits are to be 
displayed is definitely determined. The failure to do this 
by the commissioners of some of the foreign countries 
participating in this Exhibition was the occasion of more 
confusion in the reception of goods than all other causes 
combined. 








Taz Enotnes or H.M.S. AGAmemNnon.—The Lords of 
the Admiralty have the of Messrs. John 
Penn and Sons for the supply of the. engines to the new 
armour-plated turret ship emnon, four guns, 8492 tons, 
6000 horse power, now building at Chatham Dockyard. 
They are to cost 90,2501. 





Tue Upper Toames VALLEY Drarnacz.—A short 
time ago we noticed the steps that had been proposed and 
in part taken in reference to the drainage, &c., of the 
Thames above the limits of the Metropolitan Board west- 
<= The ee ee i? an ggg 
scheme sugges with pi ir J. Bazalgette. But 
this was objected to by Colonel reg the inspector appointed 
by the Local Government Board, on the ground of its being 

once a and . _He gave an opinion 
that the whole district might be divided into two or more 
parts, those ame below the intak . ¥ Sides offerte 
water companies not requiring such a of purity 
of the effluent as those situated above pton. His pro- 
poeiios was that precipitation might be usefully employed 

Ww 


that place, while irrigation would be erable for 
icts above it. Mr. Ni , the City solicitor, who is 
the chairman of the Local of Hampton Wick, has 


instituted another in respect to places on the banks of 
the Thames Seturcea Haein oad the 


itan Board. Thi 
128,00 person, bu it Brentford be omg 


E 


and receipted | under 
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IRON MAKING IN THE EAST OF 
FRANCE AND LUXEMBOURG. 

M. H. Remavury, the r of the iron works 
at Pompey (Meurthe and Moselle), has ee | 
published a very interesting memoire,* dealing wit 
the manufacture of pig iron in the east of France, 
Lorraine, and Luxembourg, and as this memoire in- 
cludes many facts not generally known in this 
country, we propose to lay before our readers the 
following condensed extracts from it. 

Statistics of Iron aren ¢) in the East of France, Lorraine, 
d Lusembourg 


The blast nn, of Meurthe oak Moselle, of Lorraine 
and of Luxembourg, constitute a group, which, with a 
few exceptions, are devoted to consume on the spot the 
hydrated oolitic ore, the important deposit of which forms 

e of the formation, and which its 

richness by its abundancy. To fix the value of the 
district it is only necessary to mention that the loss of the 
Basin of the Moselle has taken from France one-fifth of its 
production of pig iron. 

In the present Department of Meurthe and Moselle the 
oolitic ore is obtained between. Pont-Saint-Vincent in 
the south, and Longwy in the north, a district extending 
over more than 63 i It feeds, or will feed, the furnaces 


in blast or building at Neuves- Maisons, Jarville, Maxéville, 
Champigneulles, Liverdun, Frouard, Pompey, Pont-a- 
Mousson, Longwy, and its surroundings. 


Out of the total make of pig iron in France, which 
amounted in 1874 to 1,402,122 tons, the Department of 
Meurthe and Moselle has supplied the 2 quantity, 
namely, 255,262 tons, while the Department of Saéne and 
Loire comes next with 170,027 tons, and the Department 
See eR cara peer of te Dp 

is pro e t e produ ~— e ment 
of Meurthe and Moselle will sh hortly be raised to 1000 tons 
of Pig iron per day, and by a pe coincidence this is 
also the present productive power of the blast furnaces in 
Luxembourg, of which a list follows, showing that this 
small country can produce the largest mantity of pig iron 
with the smallest number of furnaces, these being of recent 
construction : 


Daily Make. 

4 furnaces of Messrs. Metz and Co., at tons. 

Dommeldauge 220 
4 — of Messrs. Metz and ‘Co., at - 
2 furnaces of the Luxembourg Biast Fur- 

nace Company, at Esch ... 210 
2 furnaces of Senses: Collart, at Steinfort 75 
1 furnace of Messrs. Servais, at Hollerich 55 
1 furnace of Messrs. Giraud and Co., at 

Lasauvage ... eee sé ioe ale 10 
2 3 furnaces of de la Société of Rodauge ... 10 
16 blast furnaces with eee 1000 


Industrial Progress of the Grand Duchy of Luxembourg. 
—The forests of the Grand Duchy of Luxembourg, and the 
alluyial ore which is found in the tar 4 adh Lapde rece of 
ae country, were causes of there poveng bees 

ago charcoal furnaces at S ort, [poms 
erich, Esch, Dommeldauge, Colmar-Berg, Fischbach, 
Sokene &e. ; the production of these furnaces, of which 
the largest made nares ape Bt om empire de was shipped on the Saar 
and the Moselle. y four coke 
furnaces, and only pa Pascoal gee furnaces. The railways 
made their appearance, the transformation of charcoal blast 
furnaces into coke blast furnaces then was inau- 
gurated a new paren: era, soon characterised by 
works, the feeding of which was assured by the oolific ore, 
80 abundant, and so easily got. 

The following statistical information is taken from the 

triennial report of the Chamber of Commerce of Luxem- 
3 unhappily the first of these reports dates only from 

1862. “The Table below indicates from this date the different 

phases of the transformation, which, however, began in 1851: 























1862. 1865, 1868. 
ae oe Tk -| @ 
csteied og 3° 3 
sé] 2 |e > gi 2 
a5 2 (gel 2 (g8| 2 |? 
bm) B lem @ ioe 
Coke Blast Fur- tons tons tons. 
naces 
Esch . A rere 2) 37 2] 4 
Hollerich ... 1 6 3| 27 3} 4 
uvage 1 10 1 10 1 12 
Colmar-Berg 1 6 2} 12 2} 28 
Steinfort es in a 2 24 2 36 
Dommeldauge z 2| 74 | 3 | 150 
Total ... . 4 32 12 | 184 13 iL 
Charcoal Blast ? 
Furnaces. 
tent ah & 34 
Le wl tk 3} (1 3 1 3 
Lasanvage ON ee 33} 1 3 1 3 
Total '... 8} 10} | 2 2 

















* Note sur les recentes installations de Hauts-Fourneaua 
dans lest ele ate, en Lorraine et dans le 
Par M. des. forges de Pompey 


directeur 
(Meurtne-et Mosel), ‘Saint-Etienne: Veuve Théolier et 









































count aendn 
is shown ‘by the ‘he *tollowing Table : 
1868. 1869. | 1870. 
—— S3 Ss Ss 
ng alg lg 
be 3 ge] 2 Ee] 3 
z iz a 
Sa eo a 
Esch... «| -8 |14,155| 7 | 94558) 7 | 89,507 
Steinfort 2 | 10,200} 2 | 11 2 8,593 
Hollerich 2 |12,210) 2 5,110} 2 | 19,000 
Colmar-Berg 2 000 2 , 2) 7,500 
Lasauvage 1 1) 2, 1} 8,700 
Total ... .| 14 | 93,408) 14 |122,554) 14 |128,300 
a 
‘From 1872 one of the Colmar-Berg furnaces yea blown | ; 


out; on the other side, 5 furnaces have been su 
blown in at Esch, mes 4 for the Socits Mets and Co. 
1 on Be Société des Hauts-Fourneaux Luxembourgeois 











Furnaces Coon of Luxembourg). 
The total make fy 8a as fellows 
1871. | 1872. 1873. 
Se 4 Sa | & S38 3 
i i] 2 jai} 5 
F 4 68 2 |3 2 
a iat A cal a a 
tons. tons. tons. 
14 142,897 16 | 184,573 18 | 256,449 

















The ‘‘ Bulletin de la Société de I’ Industrie Minérale’’ of the 

year 1864-65, vol. x., contains a paper of Mr. H. Letaud, 

volanst later, in 1870, vol. xv., but written before 1864. 

These two papers foreshadow the future future development of the 
iron industry in Luxembourg. The readers of the ‘‘ Bulle- 

tin’ will find there valuable eee about various 

minerals of the country, as to the abundancy, quality, 

ition, produce, prime cost. 

Me. HL Letaud had then seen in the Grand Duchy only one 

furnace making more than ee ee 24 hours, 
which had been blown is only a few months before. 
In com et ote eae 
run in the last ten y: 

On the whole, the “industrial movement in this vaoae at 
country shows three periods. 

witts first is confined to the production o —< 

{ using, before the formation of 
or of the forests of the Grand Duchy. 

The second, from 1859 to 1868, is that of the transforma- 
tion of charcoal blast last furnaces into coke blast furnaces, a 
transformation pretty 
the export of minerals but not the importation of fuel nor 
he tied third ve Pe racterised by the disa of 

e c ppearance 
Miast furnaces two series of blast 


the cog ered comprises 
; aaa the meeting of the mineral 
and the oan owt only in the’ neighbourhood of the mineral, 
Dommeldauge, Esch, in Tolleniek, and Steinfort ; the others 
e r ly on t of the more rational idea 
reduci 
new 
ancient furnace of pore oy 
It has had enough vitali ugh all the three 
riods, as it found iteclf 4 the a which allows 
its existence to the oe day in spite of the distance from 
a railway (about 5 Ticmotres from Rodauge), thanks to 
its si make of 10 or 12 tons, sulistoscminingee tie 
obstacle to being supplied under such 
much about the furnaces belo: z to the 
first class ; the oa 
heir in- 





ilways, Esch, Rodauge, Dommeldauge ; however the 
be to the latter class. 


at Esch have had their a 
their proprietors, Messrs. Metz, have profited 

t initiative as erectors of the first large 
those of forerunners to 


The works of Hollerich possess two furnaces of which 
only one is in blast; they turn out ‘50 to 60 tons of pi 
The’ pers coly ore trbut Bach and Doma io wed 

e coke comes partl. anata sees 

ict. The Works enw ties —— of 
Luxembourg, srt about BY Kilometres from 

The works of Steinfort also two vy lie 
Oe ace make together 70 to 80 tons 
Leh. re rtd natn ce ey tad 
t a supply of mines, enjoy the ad- 
vantage of having in their Tit} the alluvial mine, called 
“strong iron ore,” whic forms an important part in the 
mixtures, and which gives to the pig iron a highly esteemed | W’ 


quality. 

I shall treat with more detail the furnaces of the second 
class. The works of Messrs. , Metz and Co., at Esch, have 
ig 60 to 80 tons. These works 

way of a light section with 
ite mines at Each, Seek uraty tae gator gust 00 tee 


The Bochts a des Hauts-Fourneaux 


slow, whilst the tariff favoured | ho 


the mine on the spot, which is facilitated by ‘ee tions, o| 


455 
th . biti 
obtain from Esch with tech bought at Dil oaielee snd at 
Dommeldauge to neutralise silicium in 


nee dy OO this 
to make from 75 to 


at  Dommelde eee cocta cttw but limy, and the 
silicions ore Hema ag : P 

At Bech also the proper. ores for are found, but 
here the works are greatly advanced gps 8 the extraction 
of ore is more costly, as the excavation is more con- 


apeteanet, ‘ariations,. and Average Yield of the 
Oolitic Onn may, be adie’ thatthe ‘mineral ve 


sources which "might be, 8000” tone centres, the total make of 
which is, or t be, tons per » must furnish 
10,000 oolitic ore, and if I state that the ore sent 
from the Fe mines the north, Bel- 


uts 
nuances) in the working of t. 

naces, the nature of fe products as foundry or for 

and consequently successive elaboration and s: 

ca’ 


iron, 
fabri- 


‘The chemical composition of the ore varies in.the same 
math gran care. 83 per cent. af enor ot 9 Uy vddiog 
ves in ‘urnace ce 
med pe ie oy rage Gos hae gaol eondion, 
during many years 
cent, of flux and produced 81 per cont. 
The ore of the magnificent mines of the firm Wendel are 
furnace, and it requires much less flux. 
In the north of the Moselle, in the environs of ot Ottange 
and in Luxembourg, the whole See. es erin tain and 


mine, and at each pera then variations have to vine followed 
The ore which 
far superior ; its produce amounts to 36 per cent. in the 
exceed the thickness of 30 m 


roth of th of the a fake of he in Farner Bel having 
ary Te a —_ of pg ee ge of pig..iron er 24 2 


quirements, 
The furnaces worked besides with mixtures of ores ; 
appeared that the coke pig iron of oolitic. pind or 
nes fame k oie anon. Fe the ,Zoslar trade, and cae was 
uce @ more or less 


considerable proportion of 

wee ion, called ore pig Fyece foe iron. 
But the » peoganes 3 t of coke pig iron, as- 
pen a of mllways and o and of 


sisted pte 
tae per me autos with the the best 
vy’ more powerful bot stoves, were pushed 


eons 
economy in the working of the furnaces and the re- 
have facility 9 of the work gave the idea to go further, and 
make has been raised to 4 


lately the im... and even 
125 tons of pig iron per furnace and per 
The purpose had been pdm _— the - 
ss ceased to be economical ; independent of the 
enormous quantities of iron quickly onthe market, 
there appeared difficulties peace hieecmonntoble for the 
in | COPDIE of .cotre 004. mine of Thee Aug vg ae my 
conseq; a reaction set in amongst the 
ia cape Ps ert eae ong 
2 0) 0 ig iron answer- 
pe Wee safest and most poral, ak pant thr gh 


Under such conditions, the dimensions to be. recom- 
mended with our materials wo : 

The contents not to oat weg cubic metres. 

The useful nS. She Sarmce to, e 77 28 manage 
The diameter to vary between 5 and 
6 metres, and that of the hearth between 1.70 metre and 


2 metres. 
I come coe th henge 





aa! ion of the blast poder secs ed 
aon pone ean 
(To be continued). 





Tramways In Panis.—The North Parisian Tramways 
Company is abont to open two new Btaspe y Pensa 

Pantin and the Aubervilliers. These lines opened in 
the first instance between the old barriers of Paris and the 
communes which are to be accommodated. Subsequently 
they are to be extended to the Place du Chateau d’Eau, 





eae re blast furnaces, “To mating 100 to 110 tons. 
lishment, not having so well developed mines as 


where they will samme 
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A NEW METHOD OF MAKING SURFACE 
PLATES, 


By renee Ross. 

as an i table 
only be otneed by 
reality 


Ir has been for many 
fact that a true varface we 
means of hand scraping. Now the hand scraper in 


makes a series of shallow cavities, tg only between poate dg ny tes having very smooth s cannot 
the cavities having a surface The Aner the the scraper, | be put together by one on top of the other, and 
the greater is the number of caviti oa therefore the | then worked one pon the yo without scratching their 


fi pate iy.) number of bearing spots ; so that a finely | surfaces ; because 
of surface plates present the appearance ot 
Potted bright surfaces combined with = 
aa scraper marks which have no bearing. The 
of a majority of these marks is undoubtedly slight 
f the ser 
the scraper 


but any one who has used a surface plate for an 
time is aware that, while after a time 
~marks become effaced, yet many of them remain, demon- 
strating that some of them were cae than others : and 
“this is sure to be the case, no mai how carefully the 
be performed, because the scraper is not at all 
equally sharp, and hence cuts deeper at wenn mw 
Aen htthes. The difference may, it is true, be very sligh 
but still it exists, p~ A is * ae to the amount o 
extent. pape y be made so La. 
“true that a fo, say 13 en. ml lift 2 1b. per inch on 
a small s to @ large one, or the two plates of 
the size menti will have between them a vacuum of 
about ¢ lb. inch of area when one completely covers 
the area of the other, and of about 141b. per inch when 
one surface only covers one-half of the other: while, 
when one surface covers one-third of the other, the vacuum 
will be increased to about 1}]b. per square inch of the 
surface in contact. It must, however, be a well scraped 
surface to give results of such « standard of excellence. 

In the earl Bp of the Kang! 8 art, surface plates 
were finished them together with fine emery ; 
a rey » A. ald, ° mable, in oe. the softer 

iron would grin more quickly ; as 
no method of Ss = wiefect was discovered, the 
Som is tie ey pee ws troduced, and it has held its 
own to this ig i he ty perfect method of obtaining a 
true surface, notwithstanding that it or simply an 
area of fine hills and hollows. These hills ond Selous 
tmay be sensibly levelled by well rubbing the plates together, 
it is true; but cast-iron, of which it is found most desirable 
bd ye surface tin i yews, under ao cmoting righ 
; sete er ther Sally in is formed upon the con 
Ph hard thatit it 


and the test plate with a piece of rag about 2 in. 
juare hat has had two drops of oil put on it. After 
hem, the palm of the hand should be all 
eo the teat =e and then it must be wiped with a piece 
= clean rag and again applied to the test plate, this process 
being repeated several times, so that the amount of oil upon 
the fest plate shall be barel sufficient to tarnish it. en 
Sou) butlien of took, ancl cdealy on Sass Giada, proting hon 
any us apply a it on 
one corner of the other, it until 8 Toe 
level with the other (the two faces ———. over bent 
dys py meph pny =e seats 
gether, so as to exclude the air from between the surfaces, 
we slide the top _ ge ayn d over the lower one. 
Then, if the edges of 
will remove from the a A of both plates those particles 
of dust which would rounded edge, and get 
between the surfaces and scratch them. Our next 4 
tion is to move the test _ —_ the lower one, back 
wards and forwards as we: eways, until the mar marking | on th 
- Ah which were at first dark have become bright throug 
rasion. The emery pa wee Fey is to be coutionsd 
until the file marks are over the plate ; while at 
the same time the test pew aor _plate marks are distributed 
evenly all over, that is to say, in spots of about equal area 
and at equal distances apart. 

The next procedure was to find a means to apply the 
emery cloth to the high spots, where the test plate marks 
showed, without touc the unmarked spaces between them, 
which was accomplished by wrapping small pieces of No. 1 
French emery paper around a small piece of round wood, of 
about } in. in Eomster, the sharp corner being chamfered 
off for a distance of about jin. The emery paper should 
not make more than two complete circles of covering around 
the wood, and should be brought to bear upon the plate at 
of the wood. To prevent the emery 


v 


ae ae ° ti and so the pa edge : x. b,) + 
tele ae ener he high places. If a plate | paper from cutting in lines, it is moved in circles, say, § in. 
of cast iron, after having been finis is well rubbed pon | in fa and pressed firmly upon the plate upon the 





bright marking spots. By this motion, I find the emery 
paper is less liable to cut out the softer parts of the grain 
of the iron ; while at the same time, another advantage is 
gained in the fact that, the surface of ae bpm modo 

with the plate less than one-quarter 


— — or brass true surface, ‘the high spots upon 

will abrade much more ‘rapidly, but still not 
iiceatiy to render it practicable to abrade the surface so 
as to efface the omen marks, and still keep the surface 


| San 


cally 
Ppertine chates of we wro ht iron may be scraped true, and | it cuts very freely at first, but becomes pt pn 
then rubbed to the scraper marks are very nearly | rapidly, and polishes after the first few strokes, an adios 
all effaced ; oh a — are which ben necessary a frequent moving of the paper 


upon the wood, but which isin every way desirable. 
the whole of the marks left by the test late have been 
operated upon in this manner, care en to operate 


more 
heaviest, the process is continued with No. 1 French emery 


subject to wear, an 
Susteeeatly os soon get out of Son Sanne surfaces plates 
of cast iron have eschews, bi hitherto, been the only ones 
made. Some few weeks ago. however, a mechanical 
correspondent of the ‘Scient ye American wrote to the 




































tes are true and sharp, they | deflection. 


on those spots where the test marks were the In 
corners only is atwist, but the other may be fm ny or both 


was then touched sufficiently to set it in motion, in all 
directions ; and if one part of the hp was found to 
act as a centre of motion more frequently than the others, 
out of a test of about twenty motions, that part was 

very lightly touched with worn emery paper of the 0000 


The result thus Sy we Ss i A oped The plates in 
question are 12 in. Ad placed one fairly over the 
other, it takes b. to ‘all = apart vertically and 
about 150 Ib. to move one horizontally upon the other. A 
small piece of cast iron on an area of 7 in. will main- 
tain on either of the plates a vacuum of 5 Ib. 

These plates are now in the of the Cen- 
tennial, and may be seen in the space occupied by the Putnam 
Machine Company. 

For the benefit of those who may desire to make a surface 
plate, it may be as well to here describe the method by 
which a true one may be obtained. First, then, the plates 
should be provided on the back with three res 


ints, 
two being at one end (one near each corner of the ) and 
ite end and in the dle of the 


the other a the —— 
width of the plate By this arrangement, the plate will lie 
on the ——— "thous all times on three points, without 
the surface of the bench be uneven : 
—— te from the deflection due to 
resting points there should 
be ribs to rapport the ol plate and to prevent still further 
the Whitworth plates, these ribs run straight 
from each ‘ae point to the others, thus fo a 
triangle, and cross ribs are also introduced. The vinkes 
three in number, which we will designate as Nos. 1, and 
Seer as regs St on Se oes wat feet, and h 
on the edges and lastly on the faces. Nos. 1 and 2 are first 
tted together, and then No. 2 is fitted to No. 3. Now it 
is obvious that, in fitting No. 1 to No. 2, we have had 





























nothing to guide us as to making either surface true. One 
plate may upon two diagonal corners only, while the 
other may bear upon all four corners or all round the 


this case, we know that the one upon ° 


editors a letter ing what were — specific objections 

urface d and subsequently with numbers 00, 000, and 0000, com- 
} Bee Boe ne Pate wth fs roy An r ; — ao by using the 0 grade 1 upon 8 "fle and rubbing it eae bo hettee. Still we have no alternative but to f¢ them 
hunters te Correspondents.” The first impulse was to | lengthwise and crosswise of the plate, and finishing by the straight ¥ hick, cone Foam se follo It hould be 
reply that true work could not be produced by the use of | piece of wood and circular motion. Grade 00 is first poh eo hae - salted upon ‘eamainad phantom rious 
files and emery cloth or paper. Upon further consideration, | spplied in very short strokes of the file aking care that goalies, as lengthwise, crosswise, and across the corners of 


















however, I concluded that it was entiealie to make, with 
= b tools, surf surface plates superior to thore produced by the 
og See Ss oy possession a new 

surface sutnen ante of of the Whitworth pattern, but made at the 
Tool Works, which ogg was one of a pair exhi- 

bited at the American Institute Fair in 1873, and having 
also the mate to the above, which had been in use for some 
‘time, and was deeply scratched all over and indented in 
by careless use, I took the latter and smooth 

filed it all over, 7 ontil the indentations and scratches were 


the paper near the end of the file only is used, so that it 

pom = aght to bear upon the uired 5; ts only, the 

fae | tne performed as before. he use of oe 
0000 emery , the test plate is not sup 

with any lubricant w tever, but is kept bright and = 

and rub 


—_ the marking upon the plate under opera- 
tion has a shi 
possible to detect t 


area only, until at last it becomes im- 

wry br the test plate eemeny harder on any 
one spot than another, the vacuum between the two bejng but 
little greater than that obtained between two finely scraped 


, and then commenced the truing the new | surfaces. A fine film of oil is then to be placed upon the 
plete Cx test with. When the marks bm Bam that the | test plate, which is then freely bps sored in order to give it a 
better bearing if possible. ject was, in the first case, 


bore about equally all , ‘ 
acegedee llr p- Dip meer A pects tam successful, oo since it was too tedious. 


chen was used until the previous file marks were | only partially 
obliterated, and the test 4 go about evenly After some little consideration I determined to pass a piece 
Ty parts of the Pipposed tha the may be well to observe | of fine oilstone over the surface ; and sel ting @ = 
that it is no su 
eae Pe es the surface under | off one edge to a bevel ; then taking a separate piece 
tion. Each file was chalked before being applied to of cast iron, I wore the bevel and the fase of the ollstone 
e work, and then a few light strokes of le were | true, and applied first the flat face of bay were abe 4 


surface plate. But I found that it had no effect whateve: 
oo h applied with considerable pressure. The Leveled 
Sy dal stone was then applied, and it had the effect of 


mb eg ey em nage U nahn es hy 
late, I found the - the 
ace did not mark quite so evenly, a1 and 0000 emery 


le; after which the of the file were closel 
examined for the aa ie” which spots indicated which 
‘teeth stood the Then only such of the 
file were used as 8 ~a' the teeth in the middle of the 
width of the file to be cutting, and which pad cutting 





the a 


end, and, ‘without p 


e in each position, we must take hold of one 
any vertical upon it, move 
back and forth a little, say a at two inches, to see 
where in takes a'fulcram on the’ surface of the plate. If the 
centre of its movement is at the centre of the surface plate, 
then the surface of the plate is rounded, or highest in the 
middle. If it moves on the plate, first most at one end and 
then most on the ae aa the aes is hollow ; while if it 
moves with an irregular shuffling movement, it denotes 
that Riel ced op moon Fea wer t edge will test. Plates 
land 2 having been fitted together, we take No. 2 and fit it 
4 No. 3, not operating upon No. 2 at all. We next take 
No. 3, and try it to No. 1. Now if 3 and 1, when tried to- 
her, show each other to be rounded, it is proof that No. 
is ror the amount of difference m it 
and No. 3, as show in our we. from which it will be 
observed that the two er faces of Nos. 1 and 2 
may fit together, one being rounded and the other hollow. 
No. 2 may be taken as a gauge whereby to fit No. 3, their 
surfaces being made to fit perfectly. But if we take No. 3, 
and apply it to No. 1, they will disagree to twice the =mount 
that No. 1 varies from a true, flat —_ We —_ refit 
Nos. land 3 together, taking, as nearly as we can , an 
equal amount off each of them ; and then taking 2. we 
recommence and fit No. 2 to No. 1, No. 3 to No. 2, "and 


he plate ;and w 


nding to half 





ee Ae en en not cu oe By this yl ewe, | fe sao in circles was again brought into requisitica, with finally oe ~*~ 1, ——i — amount of difference, 

could so place the file that the cutting had contact | the result that the vacuum became so great that it was only pa a til all evel ates we then repeat tele “it 

with the part of the surface requiring to be filed, and yet | with great difficulty that the up ~ could be moved ooh oft oe applied indiscriminately 

be assured that no other part of the file was doing execution. | horizontally upon the lower iy ser ata providing that they ectly. 

An 8 in. Groubet file, of the finest cut, was the next one used, | were put together as before descri , however, 

a dead smooth not Rieathant The advantage of using a | were put together without ah below one to the other, 

Stubs’ dead smooth would have consisted in that Stubs’ and | the film of air between them cause the u one to| Tue Port or New Yorx.—The first ocean steamer 
Gide chewk Hine 9 plese of Seo pieced upen emeet ice. to pass through the new channel at Hell Gate was the 


It now became a problem as to how to finally finish the 
The 


‘ marking as a continuous glaze all 

over, there being ap otby no high or low spots ; and yet 

the colour of the m slightly varied in places, 

notwithstanding Shine of ht and smooth to 
h degree. Continuous ru 

eye first tried, but without a 


cast-iron surface, soon 
made sufficient! 
the truest cut I bw sed 
pose ad having, wi 


SP Fok tee tact auribty Oe cogmsten queeth taxend |e 
fitted ae = ay the marks showed 
over, No. 1 French emery paper was 
wise and then crosswise of the 


‘They are, however, 


hard for or Ee R13 
sui ar- 
ith the Groubet file 





s 





= 


employed in the Pacific coast trade. 
icer who superintended the removal of Hell 
kn v5 to the — of 

surveys and prepara- 
for removing broken ents of 


, and Hallet Point reef, so as to deepen the channel there to 


Tra 
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; Two conditions and these needed, the man must 
THE PROFESSION OF ENGINEERING. fam Aieamnel and have ability pov acey J FOREIGN AND COLONIAL soap 
Address by PRrorEssoR FLEEMING JENKIN, delivered at Let us then take it to be true that the man who loves a teed ar Metallu, Ind — net disposable 
the ing of the Class of Engineering in the University | science ye of its branches and takes pleasure in its a irmi -_ Steel Works 
of Edinburgh, November 1st, 1876 poostionl ication m may ca on engincer Ses find ample ample scope mpany in 1875-6 amounted to ih the help of o 
GENTLEMEN,—On consid the addresses which I have be the eunalie of deduction of 48431. from the special reserve hey ae rey 
had the honour to deliver i in university, 5 Gund Sat E questions may ho find in that exerie te old plosure,of has been paid for 1875-6 at the rate of 11. 8 8s. per share. 
never spoken in praise of the profession which you en e is working for the °| Brazilian Railways.—Brazil has now about pwd os 
ha level’ Bochens the due to ® you the question seem t idle, but at | of 
gloves pal ie on n the conviction that. mo one could | some some time or other to older men the question will at times ee ruin. Sees at ee 


e al of the work done by the engineer ; never- 
glad to listen for once to the 
Nor will my words be 
to fan the enthusiasm 


doubt 
theless, you may perhaps be 
eulogy of our common occupation. 
useless if they serve in any 
with which, as I hope, many of you are ort upon the 
business of your lives. 

Let us consider why a man who needs to his daily 
bread should select one profession rather pote om 4 
Putting aside commonplace motives, such as are afforded 
by the existence of family connexions or interest, I think 
a man will choose his occupation wisely i if in it he seeks to find 
scope for the healthy activity of his faculties, and the 
satisfaction due to the knowledge that his work will benefit 
others as well as himself. Some definition of the business 
of an engineer must be given before we can how 
far our my eR] fulfils the conditions now laid down, 
and I think that I shall hardly make that definition too 
broad if I claim as our special work the ) practical applica- 
tion of science to the satisfaction of man’s ma wants. 
Food, clothing, and shelter, light and heat, air to breathe, 
water to , these are the first ma wants of man, 
and wherever science aids in their production or distribution 
there the engineer steps in. Exclude science and the defini- 
tion fails ; the husbandman sowing and reaping after the 
manner of his fathers, is not one of us, but al by right 
of science we claim his sons as our — we plough, we 
sow, we reap, and “naar meg henceforth is ours. Similarly, 
wherever exact knowledge replaces traditional art in t e 
ee ey of any fabrics or manufacture, the head and 

d of the engineer apply the means. The mill then 
replaces the solitary worker, and it is the neer who 
builds the mills, who fills the mills with his machines, who 
drives the mills with his engines, who carries the materials 
in his steamers and his railways, which again serve to 
distribute the produce to man. In all these cases we 
—_ apply science, that is, exact knowledge to production 

distribution. ‘The means of attack and defence are 
omets the material wants of man, and although we are 
not so oldiers, yet it is we who now arm the nation. Shelter 
is one chief material want; it is the duty od the engineer 
to provide buildings so constructed as to be healthy. 
, warming, ventilation, all lie within our province, 
since all’ these subjects require applied science. The 
le builder may repeat the itional house, the 
culied may adorn where he is able, but it is the engineer 
who must use the discoveries of the p hers to improve 
bens health and increase the comfort of fellows. We 
wry the scope of the engineer is certain to 
a and on considering what branches of science fall 
within his province, our conception of his field of action will 
be still further enlarged. 

Mathematics and natural philosophy need only be named 
to be accepted as heading the list of our servant sciences. 
Chemistry finds its application in the improvement of manu- 


factures, in mining, in sani engineering, and if any 
chemist not an ae should clase exclusive jurisdiction 
over certain lications to the improvement A 


manufactures, I maths first observe that in ap 
ideas he requires our machines, and secondly, I would Saint 
to the progress made when a Bessemer or a Siemens is at 
once engineer and chemist. I claim that | exact science, 
by which I mean every science the results of which can be 
numerically expressed, requires for its application to the 
wants of mankind the assistance of the engineer. Pass 
to what J be eo the ee sciences. 4, the 
engineer who uses geology whether in mining, in the con- 
struction of roads, or the collection of water. If I think of 
botany I say that our foresters should be engineers. It is 
the engineer who ap pplies the teaching of physiology to the 
improvement of our dwellings and to the purification of our 
rivers, and thus we see that if these historical sciences are 
less exclusively our own than those which desl with num- 
bers, yet we say that wherever — science whatsoever 
is concerned ‘with production or distribution, the engineer 
cannot be re as an intruder. 
No man who loves exact know 
for the exercise gf his intellect in the practice of the en- 
gineer. practice is, moreover, curiously suited to men 
of the most opposite temperament. The sedentary man 
can work in his ag the active man need hardly ante 
the field, the man who loves home life may find a t 
work in quiet country towns, the adventurous man may 
push his fortune in distant almost in desert lands. The 
man of routine and method who loves to do well that which 
has been done before will find himself popular, while the 
inventor who creates new wants and new wealth is the idol 
of the profession. The recluse who loves solitude may 
work in peace, but the born ruler of men may command 
peaceful armies. The cautious man will meet with praise 
and the bold financier ma dispose of the savings of a 
nation. pot is not required, but if any 
one of us should possess a taste, unfortunately too rare, his 
rope might be en nv bythe greatest artist. The man of 
high education co! resources of inestimable value, 
pe penne renee workman who can observe nicely and reason 
letters, theney, uke the place of a leader. 
Fins mn” re Seagull 
van . 
he man of letters is ae cot sees ete 
llect an a Many a contented lives 
oso ent Evekeehanay system of » while 
his ambitious brother directs schemes i on change 
the face of a continent and found ¢): -osperity of nations. 


¢ 


can fail to find scope 


be eae s chief reward, but 





occur, Why am I working? Am I not disquieting myself in 
vain? Money making is no great pleasure when once bread 
for the fa has been earned ; social distinction is like 
the fair fruit filled with ashes. If as older men you are 
to work with the fire of youth, other motives are needed, 
and it is no idle question to ask whether in our rofession 
these other motives will rise and lead us on. I for one do 
not doubt it. By our work we feed mankind, we clothe 
mankind, we house mankind. Through our work deserts 
are peopled and old countries teem with a new life. We 
romote wealth which in its —— sense is but well being. 
who will look backward on a pas' nay ann ag mene 
by a haze permi imagination to people its pastures 
with idyllic oo e face the ~ _ faith in a 
men aver wall peeieien Teel, ter enaioees eee 
man does produc Ee low 
food does better. The aE asitable man gives bread but the 
=~ gives work yawehy freemen may earn their bread. 
en the engineer cheapens cloth he betters the condition 
of aay han if he halved his cloak witha beggar. To 
cheapen d is better than to build an almshouse. 
If existence be a boon, and I do not doubt it, the engineer 
is indeed a benefactor, his creations have called peoples into 
—— he creates wealth and wealth createsmren. These 
aa hold to be his greatest deeds. I almost reluctantly 
of the more direct benefits he confers by giv —= 
water, fresh air and cleanliness to the dwellers in 
The direct action of the sanitary engineer is more visible, 
but is not really more beneficial than the work of all other 
pes of the profession. The man who by a better form 
of bearing diminishes friction thereby oem roduction 
ond clothes the poor. Our ess is to supply the material 
wants of men, and he who can do this is doing well. 
Though I claim much, do not suppose that I gales 
supremacy for our — or call on allto join us. We do 
and we have ¢ scope, 80 —_ I claim fearlessly, 
at I neither say that we do the chief » nor that we 
have the widest scope. It is well to remember that man 
does not live by alone, and if the engineer can create 
a nation he can do but little to determine what manner of 
—_ it shall be. This duty falls to men whom some may 


rophets, some = = — philosophers, some 
fhe ivine teachers 0} d. 1 


We, the men of | tons 
exact science, seeking for material good, do not bel 
this band, we can only print ro gg words, spond take 
doctrine, and follow their gui . We miss, too, the 
direct sense of alleviated suffering which must be the 
et our steamers fetch his | also 
ags and our mills hem. The arts which are 
concerned in the uction of beauty are all save one 
strangers to us, and even although the province of archi- 
Tight.” The history of tho preat past is of little account, to 
e of the great past is o: le accoun' 
a neither is it our task to mould or to administer the 
laws which regulate the relation of man to man. 
Nevertheless, although these things do not lie in our 
<4 vgn although — e may, grant + higher Rene dee. § ma: 
er men with grea we may 
feet in ee re 
prophesy Ys ep yaician still wa an un- 
certain light, that the lawyer —- Svan the y= of 
words, - the oy + ane blig tt where he would fain 
bless, whereas Iam making no idle boast 


assing when I claim that if we as cgaaain labour diligently in 


our vocation, whether our opportunities be great or small, | wa: 
we shall not labour in vain. 





AGRICULTURAL ENGINEERS’ ASSOCIATION.—We are 
informed that Mr. John Jones, 7, Westminster Chambers, 
Victoria-street, London, S8.W., has been appointed secre- 
tary to the Association. The offices of the iation are 
now at the address given above. 





GREAT NoRTHERN TzeLecRaPH Company.—In the ten 


months en October 31, this year, the number of tele- 
grams forwarded by this company was 639,420, as com- 
with pa we 197 in the correspo period of 1875. 

first ten months 


revenue by the mee 
of this year caeamieiae yr as compared with 
140,3901. in the period of 1875, showing an 


increase of 26,1031. this year. 


DRAINAGE OF TEDDINGTON.—A recent 
medical officer of Ti on the banks of 
near Hampton ee Sees Sffords some ample reasons why 
ore ragae pte be taken to drain the Upper Thames 
distri roads it is stated that one was in a very 
filthy condition, and no provision exists for carrying away 
the surface water, which at t forms tt pools. 
There are 21 houses closely it together, i by 
above 120 persons. About. 40 of these inhabitants were 

kind hthalmia. The smells 





of the 
es, 


as bad as 


the provinces. 
wren like to know 7 the exeeta ofthe whole place are 
of, ao come pemeen? 


disposed Solos p= by — 
hah fade wes veny Gatenliodr carried ou’ te or os, wh 


twelve mils of tho centr of th metropl » pape Bie gene 
direction, exam: of want of sanitary provision of 
Kinds might be discovered thas woeld disgrnce any agricul- 
tural village. 





a gouge 5ft. 3 in. ; 3 aes va donde the i 
Government is 


Brazilian rm ted system, ha’ decided © “aaa bie 
1100 miles to it. 
May ite land.—At the commencement of 


of Queens 
1876, the Ly ap of Queensland ted t 
Tis of whom -105,000 were yor males. During the five 
yeas ending ending with May, 1876, the en of Queensland 
increased to the solid extent of 53,000 
French Railway Communtoation—ivery department 
of Continental France is now traversed by one or — lines 


of railway. There are still, however, two chief towns of 
departments—viz., Digne, in the Basses-Alpes, and Mende, 
in the Lozére—which are without direct ra' way communi- 


cation. 


French Railway Stations.—The number of railway 
stations in France is no less than 3376. Of these, 2298 are 
on lines of a. and 408 on lines of local in- 
terest. The L; — and Mediterranean has 777 
stations ; the Fad the Western of France, the 
Southern of France, and Mths Eastern of France, abdut 340 
each ; and the Northern of France, 25]. 


Tramways at Rome.—A company is proposed to bo 
mer for the establishment of a system of tramways at 
| ag ty yh ht to be in the first instance 

is E50 0002, in shares of 20/. each. 


The Belgian Coal Trade,—Extraction operations are 

for domestic pushed forward in the Belgian basins. Orders 

mestic qualities have become more important. In- 

ustrial coal remains, arene comparatively neglected, 

fhe iron trade not received the impetus 
of which it stands so dae by: in 


French Steel Plates. —The eisai Com 
obtained an order from the Italian Minister of Marine for for 
5000 tons of steel plates at 14/. 8s. per ton. 

Krupp a ery 10,500 men are employed in the great 
Krupp works at Essen, exclusive of Sous 5000 others in 
og “Ayes and blast furnaces which belong to the — 

a oes in the works represent an 
force of oe £10,000 horse power. Last year 1000 
coal and coke were consumed. 


7 Rails on the Continent.—A contract for 2000 tons 
of Bessemer steel rails is about to be let at Vienna for the 
pomp Elizabeth Railway. Another contract for rails is 

at Altona, viz-, 15,000 fine grained iron or 
steel rails for the Altona and Biel ag ny The Terre- 
noire Company has offered to suppl the Sonth Italian 
Railway Company with with steel rails livered at Naples at 
81. 1s. per ton Pc gre (Westphalia) Company 
offered to supply AE in rails at 81. 4s. per ton. 

Railways in Japan.—A line between Kioto and Osaka 
was to be inaugurated by the Mikado last month (October). 

Rathosus in South Australia.—Railways are being 
Fre to ly developed in South Australia. A project has now 
en brought ee for the construction of a line from 








THE of Needlomaicers ha Company’ ined to oer pri 4 
pene of eedlemakers have determin offer 
encouraging and developing the art f needlemaking 
in hag Ay neighbourhood of Redditch, in Thich locality this 
oar i, eae a ‘or © fpectl commit 3; the 
ry 


facturers was from manufacturing . 
and the various details of the i scheme were considered 
ie be danger rag rizes sought eg ip the art _ 
= der 

pe mae first, to encourage the  ecdeetion labour. 
ving machines; secondly, to reward skill in handicraft, 

per gan. to stimulate the inventive and reflective talent 
of the needlemaking locality in the es of Red- 


ditch by means of prizes for essa; the 

needle manufacture. With jelebenee * to aonres ma- 

chines, none were submitted frees ition ; the tions 

mol ge 
: 5, a om o! 

Scoot Tle yous pod me ith success, into the 

manufacture, ny one ae that would come 


tool maker. 
rE the awarded 
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that of Russia at 360,000 tons; and that of Sweden and 


Norway at 306,000 tons. 
Mr. Howitt’s estimates Great Britain now makes 45 per 


cent. of all the pig iron produced in the world. 


It will be seen that according to 








Dec. 1, 1876.] 


ENGINEERING. 





459 








THE 


STEAM YACHT 


“GITANA.” 


CONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND COMPANY, ENGINEERS, CHISWICK. 
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NOTES ON TORPEDOES.—No. XIII. 


HavinG described the principal apparatus em- 
ployed in connexion with Class I. of submarine 
mines, we proceed to illustrate the application of this 
type of torpedoes for the defence of a navigable 
channel. A and B are twostations or forts, wherein 
the necessary instruments for governing the charges 
or mines, with which they are in electrical connexion, 
are arranged. The forts are omitted on the dia- 
gram, their position only being given, owing to the 
necessity for drawing the er firing arcs 
CCC and shutter apparatus DD D, likewise the 


CONVERGING STATION 


—————_ 


from 














eS 


the firing station, by means of single core 
cables, an iron junction box (to be he r de- 
scribed) being employed to protect the joints from 
inj In order to simplify the management of 
the charges as much as possible, the shore-end ex- 
tremities of the insulated cores of the multiple cables 
are connected to the shutter instruments in such a 
manner that each apparatus commands one row of 
mines (see diagram) ; the advantage of this arrange- 
ment is too obvious to need specification. 

The converging station, for firing by observation, 
is furnished with three fixed telescopes, one looking 
along each line of mines, the observing arc 








Fig, 48. 
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observing arcs EE E, to an ted scale in 
order to convey a general impression of the manner 
in which they are combined when connected up for 
service. 

The firing station, so-called from the fact of it 
being the depét wherein is placed the battery power 
necessary to bring about the explosion of the 
several charges, which are thus rendered subservient 
to the will of the operator in charge, is provided 
with a shutter signalling and firing apparatus and 

pic firing .arc corresponding to each group 
of torpedoes employed in the The number 
of groups in the present example} is} three, conse- 
quently the num of shutter instruments and 
telescopic arcs are three respectively, In the 
British system, as heretofore remarked, each group 
consists of seven distinct charges of 250 Ib. of gun- 
cotton ; or if the depth of water is too great to 
admit of the effective action of ground charges, 
500 Ib. buoyed mines are employed ; they are moored 
in lines, as shown on the di , and are 
each connected with the multiple cable, running 








commanding No. 1 line of mines being capable of 
ready electrical connexion with the firing arc havin 
alliance with that particular line of ges, an 
so on with the remaining two. - 

It is usual when the distance between the firing 
station and the — does not ane two a 
to employ as the explosive agent a battery power o 
one hundred cells, pr pole of which is put to earth 
and the other in electrical communication with the 
shutter indicators; but although attached to the 
apparatus, it has no connexion with the torpedo 
wires until one of the indicators fall, and this, by 











means of the system under discussion, may be 
brought about in two ways, namely, by the contact 
of an hostile ship with one of the buoyant circuit- 
closers, or by the simultaneous action of the operators 
in charge of the firing and converging stations. 

To fire by contact it is necessary that two cells of 
a signalling battery be attached to each signalli 
apparatus in such a manner as to charge all the 
torpedo cables in connexion with that particular in- 
strument; but no applicable part of the current 
must be permitted to pass to earth until the circuit- 
closer is struck, when the full force of the current 
would be immediately circulated, tripping the 
indicator arm and thereby switchin e firing 
battery into circuit with the individual mine to 
which that particular circuit-closer was attached. 
This method of — op te in operation night and 
day, whereas firing by observation is only practi- 
cable in clear weather when an approaching vessel 
could be readily discerned. 

In firing by observation, all that is necessary is 
that the two firing keys yr to the same 
line of mines, but situated at the different station, 
be depressed simultaneously. The manner in which 
this is effected at the right juncture is as follows: 
Suppose an enemy’s vessel is seen advancing on the 
line of torpedoes in the direction, say, of either of 
the dotted lines X or Y, shown on di , then 
the be gmens in charge of the telescopic arc 1 or 2 
w immediately rs ae his key, and keep it 
gp so long ” the ship a covered. But 

e operators in charge o e observing station 
would wait until the vessel came on their line, as 
seen from the fixed telescopes, when they would 
depress their respective keys as she was crossing. 
If she did not cover any torpedo, the operator 
watching at the firing station would have no ke 
down, and consequently no mine would be F 
since it would be apparent that she was passing be- 
tween the charges of the first row and advancing 
on the second; operator No, 2 at the converging 
station would then depress his key, and if operator 
No. 2 at the firing station had his key depressed at 
the same time, the effect of the simultaneous closing 
of the corresponding keys would be to drop the 
indicator arm belonging to the torpedo in ques- 
tion, thereby switching in the firing battery, and so 
bringing about the explosion of the mine, the two 
operators simply fulfilling a like office to that per- 
formed by the circuit-closer when struck, If, how- 
ever, the vessel should chance to strike the circuit- 
closer before both keys are closed, the explosion 
would be brought about independent of the tele- 
scopic arcs, as both systems of firing are in tion 
atone and the same time, each being entirely inde- 
pendent of the other. 


Eectric CaBLEs, 
The electric cables suggested for torpedo pur- 





poses are single and multiple. The single cable 











460 





ENGINEERING. 


[Dec. 1, 1876, 








consists of a strand of four No. 20 B.W.G. copper 
wires insulated with vulcanised india-rubber to a 
diameter of .24in., over which a layer of felt is 
wound. The whole is then submitted to a temper- 
ature of about 300 deg. Fahr., to consolidate the di- 
electric. Over the core thus formed a padding of 
tarred picked Russian hemp is wound spirally, 
followed by ten No. 13 galvanised iron wires, each 
wire being ay covered either with two coat- 
ings of hemp wound on with a short twist in oppo- 
site directions, or with tape, The external diameter 
of the cable when finished is fin., its weight 274 
ewt. per knot in air, and 14} cwt. (about) in water, 
capable of withstanding a breaking strain of 62} 
cwt. 
MULTIPLE CABLES. 

As the laying out and management of, say, one 
hundred cables to govern that number of charges 
would not only be likely to create confusion, but 
would offer every facility to an enemy grappling for, 
with the purpose of destroying them, seven single 
insulated cores have been combined in one external 
protecting covering, thus constituting a multiple 


cable. Each single insulated core is ¢omplete in 
itself, consisting, as in the cable préyiously de- 
scribed, of a strand of four No, 20 B.W.Gyeopper 


wires insulated to a diameter of .24in. with 
rubber, over which is wound a layer of felt, “The 
are flledwith hemp fibres disposed longitadinally 
are 
to afford eich teasile strength as paeatia, the 
whole being covered with tarred hemp laid on 
spirally, and then with sixteen No, 9 B.W.G. gal- 
vanised iron wires, wire separately covered 
with tarred tape laid on spirally ; the whole is finally 
covered with a layer of hemp and composite laid on 
with a short twist and in opposite directions. 
Four-core armoured cable consists of four cores 
as before, covered with a padding of hemp, next an 
armour of fifteen No. 13 galvanised iron wires each 
covered with tarred tape, and over this the usual 
covering of tarred hemp wound on spirally in oppo- 


site directions : 
ewt. 
Weight in air 49494 
” » we 254f8 
B ing strain 65493 


SpeciaL Circuit-CLoser CABLE. 
The core of this cable is the same as the others, 
as is also the hemp covering surrounding it; over 
this again are nine strands each of fourteen No. 22 
Bessemer steel wire covered with tarred hemp. 
ewt. 
52itt 
ee one 28its 
Breaking strain one fr one oe 65 
A light cable is also manufactured to be used in 
connecting up temporary torpedoes, such for in- 
stance as powder barrels fitted with electrical 
rimers. It consists of a strand of seven No. 22 
.W.G. r wires insulated with india-rubber 
and covered with an external coating of plaited hemp. 
Figs. 49, 50, and 51 represent cross sections of the 
single core, seven core, and four core cables; the 
latter of which is employed for —— firing 
with the converging station for firing by observation. 
Multiple cables, though certainly possessing many 
points of considerable merit, are not, as is evident, 
altogether exempt from drawbacks. We will suppose 
a number of mines to have been put down in haste 
for the purpose of obstructing the entrance to an 
harbour or mouth ofa river, and that at the last 
moment it is discovered that owing to a flaw in the 
insulation arising either from faulty construction, 
or an imperfect joint, the conductor was making 
earth between the firing station and the charge ; the 
mine annexed to that particular core would thereby 
be rendered useless, it being well known that voltaic 
electricity always follows the course of least re- 
sistance, and the operator in charge of the station 
would be precluded from — ctional electricity 
—which would in all probability ‘eap the break in 
the continuity— owing to the fact that by reason of 
its inductive action it would ignite the entire group 
of mines connected with that particular cable. 


Weight in air 





THE ORIGIN OF MOTION.—No. XI. 

1. Ir has been our ;urpose in these articles to 
point out that by the rejection of the theory of 
‘* action at a distance,” the problem of the constitu- 
tion of the ether will admit of but one solution, viz., 
the ether must be constituted as a gaseous body in 
accordance with the theory of Jeak and Clausius. 
In arriving at the deduction that the ether is con- 
stituted as a gaseous body, we refer mainly to the 





fundamental fact of its — moving in straight 
lines in all directions. But it must be obvious to 
any one that the ether must differ from an ordinary 

gas in many respects. We propose to consider the 
undamental points of difference here. 

2. Wherein the Ether differs from an Ordinary Gas. 
—It was proved by Clausius that the t tory 
motion of the molecules of a gas does not represent 
the a . < . me gas. —_ been demon- 
strated independently, by means of the spectroscope, 
that the seizenien of gases, in addition to theis 
translatory motion (which is quite irre ), possess 
also regular peri of vibration, the periods of 
vibration having been actually measured in some 
cases, This vibratory motion of the molecules of the 
gas is that motion in virtue of which the gas 

nerates waves in the surrounding ether or radiates 

eat. It is obvious that the irregular translatory 
motion possessed by the molecules of the could 
not generate these waves of regular periods. This 
is also further shown by the fact that when the 
velocity of translatory motion of the molecules is 
ineféased (and the number of collisions of the mole- 
cules thereby augmented), still the waves emitted 
maintain the same unalterable periods. The waves 
therefore cannot be-derived from the translatory 
motion of the molecules, but come from the rapid and 

jodic vibrations of the molecule or of its * 

he vibrating molecule of a gas in 
motion might be compared to a vibrating tuning- 
fork (or any vibrating mass) in motion, 
when the waves do not come from the motion of 
translation of the fork, but from its motion of vibra- 
tion. If the translatory motion of a gaseous moie- 
cule could be made to cease, it would still emit 
waves. Thus it has been experimentally proved 
by Tyndall that a molecule of steam, when it 
becomes locked with other molecules in the state of 
ice, still possesses the special’ vibrating period 
which it had as steam, my ae for ice is found 
to possess the same special absorptive powers an 
absorptive powers for waves of the same period as 
steam), e molecules of steam therefore (matter 
in the gaseous state) possess, in addition to their 
translatory motion, a vibratory motion of unalterable 
period, this being the motion by which the steam 

nerates waves in the ether, or radiates heat. 

hen the vibratory motion of the molecules of 
steam (or any gas or vapour) is increased, this is 
followed by an increase in the translatory motion of 


the molecules, but the two forms of motion are quite | g: 


distinct and separate from each other. We may 
just note here that since steam (or any gas) radiates 
eat from the vibratory motion of its molecules, the 
sensation of heat in a gas is probably due to the 
vibrations of the molecules, not to the translatory 
motion of the molecules, which simply serves to pro- 
duce a uniform pressure. Since the vibratory motion 
of the molecules of a is that motion in virtue 
of which the emits waves of heat and absorbs 
these waves, it follows, therefore, that the special 
absorptive and radiative powers of a gas for heat lie 
in the vibratory, and not in the translatory motion 
of its molecules, If the molecules of a gas possessed 
no vibratory motion, the gas could neither absorb 
nor emit radiant heat. Herein, therefore, lies the 
fundamental difference between the ether and an 
ordinary gas. The ether possesses no radiative or 
absorptive powers for heat. 
even if in vibration, could not emit heat, from the 
absence of a medium to carry off the waves—for the 
same reason the ether cannot absorb heat. An 
ordinary gas has a second medium (the ether) within 
it to carry off the vibrations of its molecules in the 
form of waves. Since the u/timate medium or ether 
has no second medium within it, its particles, even 
if in vibration, could not emit waves. The ether, 
therefore, differs in that profound from an 
ordinary gas, that it has no radiative or absorptive 
power for heat. A particle of ether, if vibrating, 
might be compared to a tuning-fork vibrating in 
a vacuum, i.e, with no medium to carry off its 
vibrations in the form of waves. An ordinary gas 
ean be heated readily, or its molecules can be thrown 
into a more energetic state of vibration by being 
ex to a source of heat waves; the ether on the 
other hand can only transmit radiant heat, but cannot 
itself be heated. 
3. We previously deduced that from the fact of 


the ether constituted as a gaseous body, and 
from the fact of its propagating &@ wave at the 
observed of light, the normal velocity of the 


ether particles cannot be less than that of light, 
just as the normal velocity of the molecules of any 
gas is never less (indeed, always in a fixed propor- 





The ether particles, | pa' 





tion greater) than the velocity at which it propagates 
@ wave. 

4. It might be imagined that the ether particles 
moving at this high velocity among the molecules of 
matter, could not fail to produce disturbance among 
these molecules which would be perceptible, just as 
when a gas whose molecules are in motion, is mixed 
with another gas whose molecules are at rest, the one 
gas puts the molecules of the other gas in motion. It 
will, therefore, be necessary to show that the ether 
differs from an ordinary gas in this respect, at least in 
so far as it produces no measurable or perceptible dis- 
turbance in the molecules of other gases. Itisa 
well established fact that when particles of matter of 
different sizes or masses are moving among each 
other, each particle tends to acquire the same 
absolute energy. The absolute energy of a particle 
of matter (by a given eager f is less as the mass of 
the icle is less, The absolute energy of an ether 
particle may, therefore, be indefinitely small, since 
ae itself may be conceived to be indefinitely 

, or as small as we please, The energy ac- 
uired by a molecule of matter when immersed in 
the ether would, therefore, be indefinitely small, i.c., 
might vanish to the senses or the most delicate 
means of measurement, That the ether particles are 
excessively minute compared with the molecules of 
matter is alsoa deduction warranted on independent 
, this being the essential condition to enable 

ether to penetrate with facility:the molecular 
interstices of matter. There’is no reasonable limit 
to the extent to which the dimensions of the ether 
particles may be conceived to be reduced under the 
simple condition of an extreme state of subdivision 
of matter of which the ether consists, and con- 
sequently there is no limit to the extent to which the 
disturbance of the molecules of gases by the motion 
of the ether particles may be conceived to be re- 
duced, or it may practically vanish. A molecule of 
an ordinary gas suspended in the ether might be 
compared to a pea (or any small mass) freely sus- 
pended in air, in which case the impacts of the air 
molecules against the mass produce no motion what- 
ever, but simply exert a perfectly equal pressure on 
all sides, When the mass attains a certain relative 
size, it is struck on all sides simultaneously by the 
impinging particles of matter, and no motion what- 
ever is produced. So with a gaseous molecule sus- 
pended in the ether. This is, therefore, another 
respect in which the ether differs from an ordinary 


as, 

5. Concealed Energy.—Since we observe, therefore, 
the perfect possibility of the fact that the ether 
particles may be extremely small, the energy 
possessed by each particle (even when moving at 
the speed of light) may, therefore, be extremely 
small, and thus since the energy of each particle 
vanishes to the senses, the combined energy, how- 
ever great it might be, must vanish to the senses, 
So in the same way since the pressure of the ether 
(due to the motion of its particles) is exercised with 
perfect uniformity on all sides against the molecules 
of matter, this pressure, however great it might be, 
must escape detection by the senses. It has been 
proved by Clausius that the distance which a 
molecule of a gas (and, therefore, an ether particle) 
can move before being intercepted by collision with 
other molecules of the gas, or the “‘ mean length of 
th” of the molecule is less in direct proportion as 
the number of molecules is greater. ‘This fact will 
be tolerably evident on consideration, as clearly a 
molecule would be more likely to come into 
collision with surrounding molecules (and thus have 
its path intercepted), in proportion as the number 
of these surrounding molecules was ter. On 
account, therefore, of the vast number of ether 
particles (due to the extreme state of subdivision of 
the matter forming the ether), the mean length of 
path of an ether particle must be extremely small, or 
it may well be less than the dimensions of a molecule 
of matter; for there is no limit to the extent to 
which the mean length of path may be reduced by 
multiplying the number of particles through sub- 
division of the matter forming the ether, the same 
being true of the mean distance of the egpeeer It 
follows, therefore, that not only may the energy of 
an ether particle (even when moving at the speed of 
light) be vesierney small, but the mean length of 
path of the particle, or the limits within which it 
moves may be vanishingly small, so that as far as 
our senses could have any power of wre this 
motion, the particles might as well be at rest. Hence 
we may observe the perfect physical posern! of the 
existence of a vast store of energy of practically un- 
limited intensity in space, and yet perfectly con- 
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cealed, also the existence of an extremely intense 
pressure incapable of appealing to the senses. 

6. It is an important practical point to observe 
that, putting aside all question as to whether these 
exist as facts or not, it isso far certain that their 
existence is a perfect physical possibility ; or the 
existence of a physical agent in space enclosing an 
extremely intense store of energy and exerting an 
intense pressure, consistent with the complete con- 
cealment of this energy and pressure from the 
senses, is a perfectly practicable physical problem. 
Whether these do exist as facts or not it is, there- 
fore, for reason and observation to decide, and by 
the rejection of the theory of ‘‘ action at a distance,” 
their existence becomes an inevitable certainty. For 
by the rejection of this theory, the masses and 
molecules of matter cannot be assumed to have a 
power of acting upon themselves and developing 
their own motions, and these motions. must, there- 
fore, come from something external where motion 
already exists. ‘This is certain and surely a considera- 
tion of great practical importance. The simple 
condition of an extreme subdivision of matter that 
renders possible the existence of this vast store of 
energy in space, yet perfectly silent and concealed, 
is an extremely beautiful one in its admirable me- 
chanical adaptability as a means to an end, to any 
one attentively realising the facts. 

7. That the Velocity of a Wave in a Gas is Propor- 
tional to the Velocity of its Molecules.—Having thus 
shown the perfect practicability of, and the neces- 
sity for the existence of a vast store of concealed 
energy in the ether, and the existence of an intense 
ether pressure, we will now proceed to consider the 
limiting values (i.c., lowest values) for this pressure 
and energy which admit of being deduced from 
observed facts, and from the recognised principles 
belonging to gases. Since in accordance with the 
accepted theory of Joule and Clausius, the mole- 
cules of a gas are continually interchanging motion 
among themselves in straight lines, it is evident that 
waves in a gas {(such as waves of sound) must con- 
sist simply in small successive increments and de- 
crements of velocity in the molecules of the gas, 
which in their normal state are continually inter- 
changing motion among themselves, The rate of 
propagation of a wave will, therefore, depend on 
the normal rate of motion of the molecules of the 
gas. It must, therefore, be one consequence of the 
theory of Joule and Clausius that the velocity of a 
wave in a gas must be directly proportional to the 
velocity of the molecules of the gas. On putting 
this to the test, this will be found to be true. Thus 
taking the case of oxygen and hydrogen gases. The 
velocity of sound in oxygenat 0 deg. Cent. is known 
to amount to 1040 ft. per second. The velocity of 
the molecules of oxygen at Odeg. Cent. is known 
to be 1514 ft. persecond. The corresponding num- 
bers for hydrogen are 4160 ft. and 6050 ft. respec- 
tively. These are proportional to each other with 
practical exactness, or 1040: 1514 :: 4160: 6056. It 
will be observed that we get 6056 instead of 6050, 
or a difference of only 6ft. in more than a mile, 
which is within the limits of observational error. 
Thus the velocity of sound in a gas is simply pro- 
portional to the velocity of its molecules, and this 
is a very simple relation, the velocity of sound being 
independent of the density or anything else, so long 
as the velocity of the molecules of the gas remains 
constant. This extremely simple relation which in- 
volves a distinct physical conception is surely far 
preferable to the vague term “ elasticity,” for deter- 
mining the velocity of sound, and this fact does not 
appear at least to be so generally recognised as it 
might be. The constant ratio expressing the re- 
lationship between the velocity of sound and the 
velocity of the molecules of a gas is 1.456, very 
nearly ; or the velocity of the molecules of a gas is 
1.456 times the velocity of sound in the gas. Thus 
if either of these quantities be known the other can 
be determined. ‘The reason why the velocity of 
sound or the velocity of a wave in a gas is toa 
certain extent slower than the velocity of the mole- 
cules is evidently to be found in the fact that the 
molecules of the gas are in their normal state moving 
in aii directions, and not allin the direct line of 
propagation of the wave, but also obliquely to it. 
Thus the velocity of forward propagation of the 
wave is necessarily to a fixed extent slower than 
the normal velocity of the molecules. 

8. The Normal Velocity of the Ether Particles.— 
Applying these principles to the ether, and multi- 
plying the known value for the velocity of a wave 
in the ether (viz., 186,000 miles second) by the 
above constant, we have 186,000 x 1.456=270,800 





miles per second as the normal velocity of the ether 
particles. We shall, however, for convenience still 
continue to use the number 190,000 miles per second 
(expressing in round numbers the velocity of light), 
as a limiting value for the normal velocity of the 
ether icles, being thus certain that our deduc- 
tions on this value will be within the facts 
as they actually exist. 

9. The Density and enclosed Energy of the Ether.— 
Having a limiting value for the normal velocity of 
the ether particles (190,000 miles per second), we 
could deduce therefrom a limiting value (i.c., the 
lowest value) for the energy enclosed by the ether 
occupying a given volume of space, provided we 
knew the ether density. We do not know the 
ether density, but by rejecting the theory of 
“action at a distance” in accordance with the 
sar ae of rational physics, we may obtain a 
imiting value for the ether pressure and deduce 
therefrom the dependent value for density, and thus 
arrive at a limiting valve for the energy enclosed 
by the ether, or the lowest value that observed 
facts require. Steel of the best quality in the form 
of fine wire has been known to bear a tensile strain 
represented by not less than* 150 tons per square 
inch before breaking, and even this cannot be 
said to be the limit to the tensile strength of 
steel, since the tenacity increases as the diameter 
of the wire is reduced. Rejecting ‘action at a 
distance,” therefore, these molecules of the wire 
must be controlled by some external agent, 
and therefore the pressure of the external agent 
must at least equal the etatic value of the strain. 
The pressure of the ether therefore cannot be less 
than 150 tons ae square inch. Now since it is a 
known fact that the strain required to separate 
molecules in ‘‘ chemical union” would be very much 
greater than in a mere case of “‘ cohesion,” it follows 
that the ether pressure must be greater than the 
above figure. we suppose the strain required to 
separate the molecules of oxygen and hydrogen com- 
bined in the state of water (one of the most power- 
ful cases of chemical union) to be only three times 
greater than in the case of the molecules of steel, 
then this would give 450 tons per square inch as the 
effective ether pressure. It may be taken as certain 
that the strain required would be greater than this, 
as it has not been found possible by any ordinary 
mechanical means to separate molecules in chemical 
union. However, as it is only our object to fix a 
limiting value for the ether pressure or a value that 
is less than the actual fact, we will therefore take in 
round numbers 500 tons per square inch as the total 
ether pressure, having thus valid grounds for in- 
ferring that this estimate is within the facts as they 
actually exist. The existence of such a pressure as 
this might well be sufficient to strike one with 
astonishment and legitimately excite incredulity, if 
it were not kept in mind that this pressure is 
exercised against the molecules of matter, a perfect 
equilibrium of pressure existing, so that it may be 
deduced with certainty beforehand that however 
great this pressure might be, it could not make itself 
apparent to the senses. The air exercises a pressure 
of some tons on the human body without such pres- 
sure being detected, how much more cause therefore 
is there for the perfect concealment of the ether 
pressure which is exercised against the molecules 
of matter themselves. This great pressure is the 
absolutely essential mechanical condition to enable 
the ether to control forcibly the molecules of matter 
in stable equilibrium, and to produce forcible mole- 
cular movements when the equilibrium of pressure 
is disturbed (as exemplified in the molecular move- 
ments of ‘‘ chemical action,” &c. 

10. It is generally admitted that the ether must 
have a very low density, one reason being the 
almost eee resistance opposed by it to the 
passage of cosmical bodies (the planets, &c.) at high 
speeds through its substance, The pressure of an 
aériform body constituted according to the theo 
of Joule and Clausius, being less as its density is 
less, it will therefore be necessary to show that the 
ether can exert so great a pressure as the above, 
consistent with a very low density. From the 
known principles belonging to gases, the pressure 
exerted by an aériform medium is as the square 
of the velocity of its component particles, and as the 
density. We will, in the first place, consider what 
the density of the ether would be if it only gave a 
pressure equal to that of the atmosphere (15 lb. per 
square inch). From the above principles, therefore, 
it follows that for the ether to aie a pressufe 

* For a special example, see Telegraphic Journal 
(May 1, 1874). 














equal to that of the atmosphere, the ether density 
require to be as much less than that of the at- 
mosphere, as the sguare of the we of the ether 
particles is greater than the square of the velocity 
of the air molecules, The velocity of the air mole- 
cules giving a pressure of 15 lb. per square inch is 
known to amount to 1600 ft. per second. Taking 
therefore the square of the velocity of the ether 
particles in feet per second, and the square of the 
velocity of the air molecules in feet per second and 
dividing the one by the other, we have the number 
of times the ether density must be less than that of 
the atmosphere, in order for the ether to give a 
pressure of 15 lb. per square inch, or we have 

(190,000 x 5280)? _ . 
1600 = 393,120,000,000. This result 


shows therefore that the density of the ether, if it onl 
ve a pressure equal to that of the atmosphere, woul 
upwards of three hundred and ninety thousand mil- 
lions of times less than the density of the atmosphere. 
This result expresses such an infinitesimal amount 
of almost vanishing quantity, that the ether density 
might be well much ter than this. We will now 
therefore consider what the ether density would be 
to give a pressure of 500 tons persquare inch, Pres- 
sure and density being proportional to each other, 
it follows that for the ether to give a pressure of 
500 tons per square inch, the ether density would 
require to be as much greater than the above value, 
as 500 tons is greater than 15 1b. Multiplying, 
therefore, the above value for the density by ¢ 


ratio, we have, 
x 500x2240_ 1 : 
393,120,000,000 15 5,264,800’ 
or this shows that the density of the ether to give a 
pressure of 500 tons per square inch would be only 
about one five millionth of the density of the at- 
mosphere. This value representing a density less 
than that of the best us vacua is therefore quite 
consistent with the known fact of the extremely 
low density of the ether. It follows, therefore, as a 
mathematical certainty dependent on the recognised 
principles belonging to gaseous bodies, that the 
ether could exert a pressure of not less than 500 tons 
‘a square inch consistent with such an extremely 
ow density as to harmonise with observation. 

11. Other Points wherein the Ether differs from an 
Ordinary Gas.—It will be obvious from the above 
considerations that the ether must differ in other 
respects from an ordinary , in addition to 
those already dealt with. Firstly, an ordinary gas 
may be readily confinad and compressed, but since 
the ether pervades freely the molecular interstices 
of all matter, it cannot be confined in order to com- 
press it; also the enormous pressure exerted by the 
ether would by itself render compression difficult, 
While, therefore, the density of an ordinary gas can 
be readily changed, the density of the ether cannot 
by any ordinary means be changed, Secondly, it 
is easy to change the normal velocity of the mole- 
cules of an ordinary gas (as by exposing it to a 
source of heat waves). It is, however, a physical 
impossibility to change permanently the normal 
velocity of the ether particles by attempting to con- 
fine the ether and act upon it by any means like 
that employed with ordinary gases, for firstly, the 
ether cannot be acted upon by radiant heat, and 
secondly, any change, however small, artificially pro- 
duced in the normal velocity of the ether particles 
would be instantly readjusted with the velocity 
of light. ‘Thirdly, when a body moves through an 
ordinary gas, at even not an excessive speed, a con- 
densed wave is formed in front of the moving body, 
causing a considerable resistance. The amount of 
such condensation of the air in front of a cannon 
shot, for example, must be considerable, for the 
velocity with which the wave is carried forward and 
dissipated (which depends on the normal velocity of 
the air molecules) may be not greater, and may be 
even less than the velocity of the shot itself. Hence 
the great resistance of the air to projectiles. Now 
on account of the high normal velocity of the ether 

icles, no such wave can form in advance of a 
ody traversing the ether, for any incipient wave 
would be carried forward and dissipated with the 
velocity of light. This is, therefore, one cause for 
the small resistance offered by the ether to bodies 
traversing it, even at high speeds; and thus the 
ether is rendered completely impalpable on account 
of the high normal velocity of its particles, or it is 
impossible to change its density in any way by 
moving bodies through it; it eludes the grasp and 
its nce escapes di detection by the senses, 
This may be one reason why there is such a tendency 
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to ignore the existence of this beautiful agent. The 
high normal velocity of the ether particles is the 
essential mechanical condition to enable bodies (such 
as the planets) to through the ether at high 
ye he roth le resistance and a minimum of 

of the equilibrium of the ether. A mole- 
cule of an ordinary gas moving at its normal velo- 














city in the ether much resembles (as may be shown 
by calculation) an ordinary clock hand moving in 
air as regards relative velocity, and thus we may ob- 
serve how little the ether must be affected by the 
motions of the molecules of ordinary gases in it. 

12. ———— enclosed in the Unit V olume of Space. 
—With the deve limiting value for tne’ nermal 






























































velocity of the ether particles (that of f wave of 
i i i amo that 
light), and with the value fordensity (sam 4 


of air), it is possible to compute the lowest limiting 
value for the energy enclosed in a given volume of 
space. First to give an idea of the enormous 
amount of energy contained in small quantities of 











Dec. 1, 1876.]} 


ENGINEERING. 








463 % 





AGRICULTURAL LOCOMOTIVE. 
CONSTRUCTED BY MESSRS. MARSHALL, SONS, AND COMPANY, ENGINEERS, GAINSBOROUGH. 
(For Description, see Page 468.) 





matter moving at the velocity of a wave of light, it 
may be computed (energy being as the square of 
the velocity) that a mass of one grain only, moving 
at the velocity of a wave of light, contains an 
energy represented by not less than one thousand 
millions of foot-tons ; or otherwise the mass of one 
single grain contains the same energy as a mass of 
forty thousand tons moving at the speed of a cannon 
ball (1200 ft. per second). Or to put it otherwise, 
the energy contained in the mass of one grain 
moving at the above velocity, would, if entirely 
utilised, be competent to project a weight of one 
hundred thousand tons to a height of nearly two 
miles (1.9 miles). The above is simply a mathe- 
matical fact dependent on known dynamical prin- 
ciples, A cubic foot of air weighs 56.5 grains, so 
that with the above value for the ether density given 
in terms of air, a quantity of ether representing the 
total mass of one grain would occupy a cubical 
portion of space with side of cube equal to about 
45ft. A portion of space of these moderate limits 
contains, therefore, in the concealed motion of the 
enclosed particles of ether, not less than the above 
prodigious work-producing power. In the same 
way it may be computed that the energy enclosed 
in one cubic foot of space is not less than ten thousand 
seven hundred foot-tons. Incredible as this fact 


may appear at first sight, there can be no question 
as to the competency of the attainment of such a 








result by means of finely subdivided matter endued 
with a high speed, for there is no limit to the speed 
a particle of matter may attain, provided by sub- 
division the mass of the particle is rendered so small 
that the energy of each particle by itself practically 
vanishes, This does not in the least detract from 
the total sum of energy, but simply renders the 
whole concealed, The total sum of energy in a 
given volume of space is, therefore, a mere mathe- 
matical question dependent on the quantity of 
matter therein contained and its mean velocity. 
That the thing is a fact follows as an inevitable 
certainty by the rejection of ‘action at a distance,” 
and in accordance with the principles of rational 
physics. The sudden motion developed for example 
in a mass of exploded gunpowder is (dispelling all 
vague notions of the motion being ‘“‘ stored up” in an 
occult or spiritualistic form in the gunpowder itself) 
sufficient illustration of the existence of a vast store 
of motion in space, concealed in its normal state, 
but apparent when transferred to gross molecules 
and visible masses of matter. The subdivision of 
matter is an admirable mechanical condition to 
render possible the existence of a vast store of 
energy available for useful purposes, and in its 
normal state concealed to the senses. 

13. We might put the case in the following way : 
If a vast store of motion did exist in space, and if 
the motions developed in matter which we observe, 





| in reality came from this store of motion ; then if a 


theory be put forward that in every case when 
motion is thus developed in a mass, this motion 
comes in some mysterious way out of the mass 
itself where it was previously ‘ stored up” in some 
occult form, it must be obvious to the unprejudiced 
inquirer that such a theory as this is capable of con- 
cealing the plainest truths, indeed the real facts 
can never assert themselves in face of such a theory, 
and logical reasoning is rendered powerless. The 
celebrated theory of “ phlogiston” obstructed the 
progress of science for a century. May not the 
theory of a mysterious “latent” form of ener, 
without motion stored up in masses of matter 
doing the same thing in the present day; or can we 
form a clearer idea of the nature of an a 
without motion than we could of philogiston? We 
urge these considerations in the true interests of 
progress. The air affords an instructive instance of 
concealed energy. The motion of the air molecules 
(moving at 1600 ft. per second) is entirely concealed 
to the senses, and yet even this energy is almost 
explosive in its intensity; for the molecules of a 
mass of air, if suddenly freed from confinement, 
would explode a with a velocity in excess of that 
of a bullet, If, therefore, the energy of the air mole- 
cules be concealed, how much more must this be 
the case with the energy of the minute ether 
particles? It is, therefore, an undisputable fact 
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that it is a perfectly practical physical problem for 
energy to exist to an enormous intensity in space, 
and yet be perfectly concealed from the senses, 
This fact deserves, therefore, to be kept carefully 
in view lest a vague theory should have the power to 
conceal some of the grandest truths of nature. 





NORTH LONSDALE IRON: AND STEEL 
COMPANY’S WORKS, ULVERSTON. 
Tue North Lonsdale Iron steel Company was 

incorporated on the 18th of O , 1873, with the 

object of carrying on the i feel trade at 

Ulverston, Lancashire. The a al capital of the 

company is 200,000/., and th purchased 

about 60 acres of land on whichite build their works. 

The site chosen is about a da half from 

Ulverston, close to the shore of b Bay, and 

it is bounded on the east side Uiverston ship 

canal, At present a branch t a mile in 
length connects the works with fhe main line of the 

Furness Railway Company, butt is the intention 

of the railway company to constract a loop on their 

main line which a om thro the land of the 

North Lonsdale Company, in laying out the 

works, the eventual position of 1 line has been 

considered, so that the traffic in out of the works 
may be carried on in an expeditious manner. 

e works, of which an elevation and plan are 
given in our two-page éngraying this week, are 
conveniently situated for obtaining iron ore and 
limestone, the mine being raised in numerous places 
within two or three miles, and the limestone being 
quarried by the company about a mile from the fur- 
naces. The fuel wood, Ewanan being Durham coke, 
has to be conveyed a longer distance. Excellent 
facilities are provided for shipping iron at the 
Barrow Docks, only about nine miles distant, and 
the seashore provides unlimited space for tipping 
slag close at fank The ec ogg f intend to. erect 
six blast furnaces, and of the first three, which 
have been in course of construction upwards of two 
years, Nos. ] and 2 were successfully blown in on 
the 6th of May last. The whole of the arrange- 
ments, we should/add, have been carried out from 
the designs of Messrs, Howson and Wilson, of 
Middlesbrough, engineers of well-known experience 
in iron works construction. _In the construction of the 
plant connected withthe three furnaces now built, 
every possible provision has been made for the 
erection of the remaining three furnaces at the 
least expense, and without in any way incon- 
veniencing the working of those in blast or dis- 
organising the general arrangement. With this 
preface, we shall proceed to describe the plant in 
detail. 

Blast Furnaces.—The blast furnaces, of one of 
which we give engravings on page 462, are 75 ft. 
high from the level of the hearth to the charging 
plates. The diameter of the bosh is 23 ft., and the 
diameter of the crucible 8 ft., the vertical walls of the 
latter being carried up 8 ft. 6 in. high.) The angle 
of the boshes is 65 deg. Each furnace is entirely 
cased with wrought-iron plates down to within 
2 ft. above the tuyere arches. The general design 
of the furnace is clearly shown by the engravings. 
The shell plates are jin. thick half-way down, the 
remaining or bottom portion being 7; in. The rest 
of the plates, namely, those in the basement over the 
columns and in the cone, are }in., while the angle 
irons connecting the ring of basement plates to the 
shell and cone respectively are 5 in. by 5 in. by 
# in. The connexion between the basement and 
shell is further strengthened by twenty . gusset 
plates, as shown on the engraving, these being 
situated alternately upon and half-way between the 
ten columns. The shell plates are lap-jointed and 
double rivetted, while the basement and cone plates 
are butt-jointed throughout with cover plates inside 
and outside, and double rivetted seams. 

It will be observed that the horseshoe main is 
placed as usual within the columns, and it is con- 
veniently suspended by vertical tie rods to brackets 
upon the cone above it. The main is 3 ft. in dia- 
meter and is made of wrought-iron plates with a 
9-in. brick lining reducing the diameter of the orifice 
through which the blast stolSin, There isa 
Senne on this main at the back, 2 ft. internal dia- 
meter, in connexion with the stoves, this branch 
being fitted with a 24 in. main blast valve, worked 
by a rack and pinion above, and communicating by a 
vertical shaft with a wheel in a convenient position. 

There are five tuyeres to each furnace, also one 









monkey tuyere above the forepart, each tuyere pipe | wij) ad 


being fitted with-a valve, The ordinary coiled 


tuyeres are used. These are not connected direct 
with the feed-water pipe, but take their supply 
from an intermediate box about 2 ft. long, and fitted 
with a number of branches, so that in the event of 
one getting broken or becoming stopped up another 
connexion may be quickly made. ‘The waste pipe 
from the coil has as usual an open end, so that the 
flow of water may at any time be seen by the fur- 
nace keeper. It empties into a circular waste pipe, 
and is led away to the cooling reservoir. 

These furnaces are fitted with ordinary open fore- 
parts of the usual description. On reference to the 
plan of the base of the furnace, Fig. 4, page 462, 
it will be noticed that there are ten columns, the 
height being 15 ft. and the diameter 2 ft. 0} in. at 
the top and 2 ft. 24 in. at the bottom, the top and 
bottom flanges measuring 3 ft. and 3 ft. 6 in. square 
respectively by 3in. thick. The general thickness of 
metal in the barrel is 2} in., and the weight of each 
column is about 4 tons 13 cwt. 

Referring now to the brickwork of the furnaces, 
it will be noticed that the circular base is 34 ft. in 
diameter, which leaves ample space about the 
tuyeres; the brickwork under the hearth is 1] ft. 6 in. 
thick, and rests on a bed of concrete 6 ft. thick, and 
the hearth is composed of lumps 2 ft. 6 in. long by 
12 in. by 6 in., set on end in two courses, and simply 
crossed and breaking joint, asshown. In the brick- 
work outside these a number of iron rings, 3 in. by 
H in,, are built in as binders. ‘The thickness of the 

rickwork in the well is 3 ft. 6 in., composed entirely 
of lumps ; above this the general thickness does not 
much exceed 3 ft., being built with a lining of lumps 
2 ft, long and a backing of firebricks. The lining 
lumps measure 12 in. across the nose and 5 in. thick. 

The orifice where the gas is led off measures 
$ ft. high and 7ft. 6in. long, and communicates 
with the gas-box, in which is fitted an inverted 
mushroom valve at the top of the down-comer. 
The latter is 6 ft.'in diameter, built of } in. plates, 
and the valve is raised or lowered by means of a 
small winch arrangement on the “ of the gas-box, 
the weight of the valve, which is of cast iron, being 
also counterbalanced over a pulley. 

The charging bell is of the class known as com- 
wom having a cast-iron rim and centre, the rest 

eing made up of jin. plates strengthened with 
T-irons inside. The diameter is 14ft., and it is 
worked by Wrightson’s well-known arrangement of 
hydraulic brake, an apparatus which was illustrated 
by us on page 368 of our eleventh volume, The 
total capacity of the furnace is 19,700 cubic feet. 
(To be continued.) 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

John Brown and Company’s Dividend.—On Friday last 
the directors of John Brown and Company (Limited), Atlas 
Iron and Steel Works, Sheffield, declared an interim 
dividend of 5 per cent. per annum for the half-year, as 
against 10 per cent. last year. 

The Railway Spring Fitters’ Lockout.—This dispute is 
stillunsettled. The men decline to accept the reduction of 
sixpence per cwt., although a wages list got out for a given 
week by the employer shows that a number of men 
averaged 71. 1s. 8d. each, out of which they had to pay an 
assistant 11. 12s. or 1l. 15s. 


Dronfield and Unstone Water Svagta-E was stated at 
a recent meeting of the Local Board of these town- 
ships that a new 10-in. main would be shortly laid down for 
the better supply of the district ; pending which an appli- 
cation by the Gastene Coal and Coke Company for 20,000 
gallons daily for their engines was held over. 


The Mill Dam Lead Mining and Smelting Company. — 
At the half-yearly meeting of the shareholders of this com- 
pany, held last week in the Cutlers’ Hall, Sheffield, the 
report read by the directors gave a full account of the 
mine and the smelting works at Great Hucklow and also 
of the new mine at Grindlow. In sinking the shaft of the 
latter to a total depth_of 73 fathoms and | ft., the Great 
Hucklow_ vein was reached. The vein has been cut into 
for eight yards and is five to six yards’ wide, so that its 
working should yield good results. 


Proposed Doubling of a Railway.—lt is stated that it is 
the intention of the Manchester, Sheffield, and Lincoln- 
shire Railway Company to double their Worsborough Coal 
Railway, which is at present single. It commences at 
Oldham Junction, near Barnsley, and runs along the 
Worsborough Vale for the accommodation of many of the 
largest collieries in the district. It is expected that when 
the doubling is completed the line will be used for the 
passe! traffic of several large villages now rather badly 
served in this respect. 








WATER AND SEWERAGE OF SyDNEY.—-We learn that 
Mr. William Clarke, so many years municipal engineer at 
Bombay, has ted the _ of consulting engineer to 
the municipality of Sydney, New South Wales. Mr. Clarke 

i vise upon best system of water supply and 


FOUR-CYLINDER ENGINES. 
To THE EDITOR OF ENGINEERING. 

Srr,—Having read the letter signed ‘‘1000 Cylinder 
Motor’’ published in your last issue, an interested curiosity 
induced me to obtain a copy of the specification of Mr. 
——- Head’s patent four-cylinder engine, No. 1027, 
1876. 

On examining such specification I find it concludes with 
the following claim : 

**I would observe in conclusion that what I consider 
novel and original, and, therefore, claim as the invention 
secured to me by the hereinbefore in part recited letters, is 
constructing motive power engines with four single-acting 
cylinders disposed radially round the shaft or axle to be 
driven, the pistons of which cylinders are connected to a 
crank or its equivalent on the said shaft or axle, revolving 
in a central chamber into which the exhaust fluid is con- 
ducted, the whole being arranged so as to operate substan- 
tially in the manner hereinbefore described and illustrated 
by my drawings.” 

If Mr. Jeremiah Head will take the trouble to look up 
the specification of Letters Patent granted to Messrs. 
Payton and Holmes, No. 1567, 1875, he will find good 
reason to change his opinion of the novelty, at least of his 
original invention, inasmuch as he will therein see de- 
seribed a number of four-cylinder engines possessing every 
one of the features comprised in the above quotation from 
his specification, and as those Letters Patent, so completely 
anticipating him, are still in force, he will doubtless see the 
aenty of at once abandoning any claim he may have 

le to be the first and true inventor of such form of 

es. 

much an engine as he describes, that is, having four 
eylinders a: radially and in one plane, &c., but with 
entirely different details those shown by him (which 
are simply Brotherhood’s) has been exhibited by myself and 
my partner, Mr. Holmes, at the late Philadelphia Exhibi- 
tion, driving one of the Payton and Holmes’s coal-cutting 
machines, ustrated in ENGINEERING of November 5, 
1875, and for such combined machines a prize medal has 
been awarded us. A second prize medal has also been 
granted us atthe same Exhibition for another four-cylinder 
oe of a different and greatly improved description, the 
subject of a separate and also anticipatory patent. In this 
latter form of engine the want of economy undeniably pre- 
sent in p ing engines of the single-acting s has not 
only been greatly reduced, but such other improvements 
have been added as are calculated to make such engines as 
effective and economical in their working as are those of 
any other description now in use. 

lsenexs: Alexander Wilson and Co., Vauxhall Iron Works, 
Wandsworth-road, the appointed makers, have one of these 
engines under steam at their works, and they will I am sure 
feel a pleasure in showing it to any one who may desire to 
see it. 

Having read some of Mr. Jeremiah Head’s criticisms 

upon three-cylinder engines, I certainly expected to find 
him in his specification making at least some attempt to 
improve what he had found so much fault with. So far 
from this being the case, what has he really done but take 
a three-cylinder engine as it stood, details, imperfections, and 
all, insert a fourth cylinder piston, &c., in between the 
other three, make a trifling alteration of no importance in 
the connecti rods, and then appropriate the whole 
thing to himself as a novel and original invention. 
In conclusion I should be glad to add, if permitted, that 
I am of opinion the merits of four-cylinder engines can be 
fully promulgated without having recourse to a system of 
running down three-cylinder ones. Messrs. Brotherhood 
and Hardingham’s engine has many merits, though it is 
not free from faults, but whatever those faults may be, it 
has at any rate been a successful pioneer of a new type of 
engine, and has opened up a market for others beside the 
inventors of it. As such, it appears to me that it deserves 
the most respectful treatment, not only from those who are 
labouring to improve upon it, but from those also who busy 
themselves in trying—with the assistance of the Patent 
Office—to appropriate it. 


Brook Green, November 29, 1876. 


W. Payton. 








PORTABLE ENGINE BOILERS. 
To THE EDITOR oF ENGINEERING. 

Siz,— Referring to your notice, last week, of my paper on 
steam boilers in the Proceedings of the Institution of Civil 
Engineers, allow me to explain that the area of grate 
5.5 square feet, and heating surface 220 ft., put forward 
by me,-were not advanced as actual practice, but as the 
generalised result of actual practice, on the assumption, as 
stated, that 10 lb. of water was evaporated from and at 
212 deg. Fahr. per lb. of coal. I agree with you that, as a 
matter of fact, 8 horse portable engines have less than 
220 ft. of surface on an average. The engines at Cardiff 
Show averaged 4.84 square feet of grate, and 186.44 square 
feet of heating surface. Whether or not even these data 
represent those of the average commercial engine, I hope 
you will agree with me that it was permissible to assume a 
given efficiency of, say, 10 lb. of water per pound of coal, 
and to endeavour to show from practice what must with 
this efficiency be the proportions for evaporating 8 cubic 
feet of water per hour. 

I am, yours om % A 
D. K. CLaRK. 


8, Buckingham-street, Adelphi, November, 28, 1876. 


AMERICAN TELEGRAPHY.—The Deseret Telegraph Com- 
pany of Utah has terminated its working agreement with 
the Western Union Telegraph pe ag and has formed an 
alliance with the Atlantic and Pacific Telegraph Company. 
The lines of the Deseret Telegraph Company of Utah 
extend to all the principal settlements and mining camps 19 











sewerage for Sydney and its suburbs. 


the territory. 
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NOTES ON PORTABLE ENGINE DESIGN. 
To THE EDITOR oF ENGINEERING. 

Srr,—In the design and manufacture of —. of every 
class, there seems to be, unfortunately, a desire on the 

rt of many to copy the productions of some firm or other 
GS when the title of leading maker has been given. For 
years past the new fashions in the design of the portable 
engine have been thought out in be drawing offices of two 
such firms ; the term ‘‘ | ggesting this fact, the 
oe of these copyists pa Tie **Follow your 


It would be easy to enumerate many alterations of detail 
brought out by the principal makers that have been 
imitated by nearly all the other makers ; concerning one 4 
the latest alterations, however, in the portable ¢ 
namely, the adoption of wrought-iron sprin brac ms 
or movable plummer blocks, coupled to cylinders by sta . 
tubular or otherwise, this rule has been emphati 
broken. It is now four or five years since this plan ar 
first adopted, and there are only four firms now it ; 
the leaders are alone, their numerous smaller brethren have 
refused to follow. Does this imply that this latest innova- 
tion is not considered by them an improvement? I can- 
not answer this question, but the object of this communica- 
tion is to bring this subject before your multitude of readers, 
so that it may be we ventintel. then we shall learn the 
merits and demerits of the system. 

It is the revival of an old practice worked out in rather 
a roundabout manner. The need of the stays. being 
created by the introduction of wrought-iron brackets, 
which are mostly not stiff enough, without some support, 
unless they are made exceedingly large and strong, like 
those used on some traction engines ; wrought-iron brackets 
are for these engines really essential, but for portables I 
consider that they are not at all required. 

Various Plans adopted.—Very different must be the 
views entertained by respective makers of the use of these 
stay rods, when we consider that out of seven modes of 
using stays that have been, or are being used, there are 
three distinct classes, the action of each p Ban being totally 
different. 

Class 1.—Rigid which allow 4 to movable plummer blocks 
or flexible brackets which allow the boiler to expand without 
ae the engine.? There have been several plans in- 
troduced for carrying “out these ends, namely, two makers 
use brackets that spring, or have sufficient ‘‘give’’ in 
them, to allow for the ex ion of the boiler, see Figs. 1, 
2, 3, and 4. Another c~y uses plummer blocks having 
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dovetails at the bottom, fitting in dovetail grooves in other 
castings, bolted on to wrought-iron brackets, see Figs. 5 
and 6. Another method is to have “slotted” holes in the 
base of the plummer blocks, for the bolts that secure them 
to cast-iron brackets. In another instance the io srumeoes 
blocks are “pivoted” as it were on a centre, placed 
about 12in. or 14in. below the centre of the poo Par “y 


the blocks being held between two wrought-iron plates 
forming the b ets as usual, “‘ the bolts passing —- 
oval holes in the plummer blocks, and the plates of 
brackets being kept from gripping the plummer blocks by 
ferrules p! on the bolts,”’ see Figs. 7 and 8. 

connected to rigid brackets ; 


Class 2.—Expanding stay 
there is only one example of this class, this nant is supposed 


at the boiler pressure, it therefore does not answer ad 
se for which these stays were introduced 
iow the boiler to expand without _—— bi cece” 
Class 3.—Rigid stays secured to rigid cast-iron b 
there is my one example of this , the ends of these 
stays are fixed on the top of and near the centre of the 
Under, and carried to projec pieces above the crank- 
shaft brackets at the other end, these stays do not —- 
with the boiler nor allow the boiler to expand out 


affecting the engine. 








Having briefly noticed the various oe, used we will for 
the present confine our attention to Class 1 

Adwantages Claimed.—The advantages “claimed by the 
projectors of this system are as follows : 

1. The stay rods take the true strain arising from the 
working of the engine. 

2. The flexible brackets or movable plummer blocks allow 
the boiler to expand without affecting the engine. 

3. Reduction of the joint connexions with the boiler. ~~ 


Let us ascertain the value of the advantages suggested 
by the makers and note how the strains of the e ne often 
the boiler, and also how the expansion of the boiler affects 


the engine. 
Firstly, the strains arising from the working of the 
engine are transmitted my the boiler barrel when the 
stays are not used ; and to j ~ by the importance given 
to the first advantage, we should imagine there are serious 
injuries, inflicted on the boiler by these strains. But if an 
engine is properly erected, with the cylinder and saddle 
brackets having bi bases well bedded, or planed 
to suit the we A of the boiler, and firmly bolted down with 
guide bars and crank in line, these strains are* practi 
nil. In fact no injuries can be detected fm to 
cause after twenty years wear, the barrel being the stro: 
part of the boiler. If so, then there are no defects to 
remedied and alterations were unnecessary. 

Secondly, as the boiler expands the crankshaft and 
saddle are carried with it further —* from the cylinder ; 
in an eight horse power = s the distance from.centre of 
cylinder to centre of crankshaft (about 6 ft.) is increased 
by. barely fin. when the steam is up; when the engine is 


in mind, and allowed for in the clearance of the piston 





being erected this increase in the length to centres is ce 


the setting of the slide valve ; when steam is up the 

is } in. at each end, when down the clearance is # in. at —_ 
end and } in. at the other ; the expansion of the boiler does 

not interfere in the slightest degree with the wo 

the engine, for so long as steam is up the length fs 
boiler is the same. 

Thirdly. Another advantage claimed is the reduotion ta 
the joint connexions with the boiler ; this plan does reduce 
the number of bolted connexions with the boiler, but we 
have about the same number rivetted to it, the wrought-iron 
brackets with two or four rows of rivets, as the case may 
be, in the place of the cast-iron saddle, with ten or twelve 
bolts distributed. The number of separate parts attached 
to the boiler is about the same, and I fail to see much diffe- 
rence between bolted fixings and rivetted ditto, for only in 
the case of the steam supply to the cylinder is there a 
surface joint made between the casting and the boiler | furnaces 


plate; in the other cases the bolts are turned taper under 
the head, fitting in rimered holes in the plate ; ti bolts 
make their own joint, and y leak. 
Disadvamtages.—We have just noticed the advantages 
of this system of construction, let us now note the ob- 
jections to it. The wro' 80 


ht-iron brackets are not near’ 
steady as the cast-iron on alls 3 ;. they allow the cranks 
to vibrate pean or when the _— is at beet they 
take a very poo on the boiler; the weight of the 
flywheel, <ouchthath, seatiagen; Goi. are made to on a 
= a of the nrg whereas the saddle takes a large 

wile ht being therefore in the latter case 
ee: asi over a a a The number 

is 


increased. surfaces are 
mtg pe 5 eae O whlle teenie 
of the dovetails is not at likely to be properly attended 


ak wy oy pt they will generally be allowed to get slack 
pt hake, and annoy the engine attendant, who 
will have his revenge by rerewing them up so tightly as 


to cause them to eeu useless ; een expansion of the boiler will 
then put a tremendous strain on the stays, tending to 
break the cylinder joint. The stay on the steam-chest side 
of a e es comes very awkward, it must 
either ike crown plate of the boiler, thereb 
throwing it out Moet of line with the strains of the engine an 
the stay on the opposite side, or an immense and ugly cast- 
iron cket must be used, bolted to the steam-chest, to 
bring this stay parallel with the one on the cylinder side. 
Neatness of design is entirely “‘left out in the cold,”’ this 
plan being te ugly, for in the place of well pro- 
portioned cast-iron crankshaft brackets of form, 
we have pieces of boiler plate, ronenting © monotonous flat 
surface in Fig. 6, or worse still, plates bolted transversely 
to the barrel with edges turned to the eye, as in Fig. 2. 

In short, after carefully weighing this matter over in m 


of ¢ is not Pig in appearance, stability, 

Pm gg fs partly abandoned plan of 

coe te » guide yor my and saddle firmly to 

boyd re of the. boiler, each having good 

being well bedded to it. I believe t the chief reason why the 
engine strains are said to be detrimental to the boiler, is 

owing to the: ont tenchen byte Sane Sener 

such small. bases, instead of taking ample bearing 

sare the may be some points in favour of the 

Thave failed to note ; I hope some of your readers 

kindly furnish us with th em. = this sub- 

Jeot wil kindly receive all the attention it deserves, and thanking 

you, Mr. , for eante i this, 


Novena 28, 1876. 
P.S.—The sketches accompanying this letter 
chiefly from memory, and they are not to scale. 


Tam, Sir, yours 
E.R. 
are drawn 








THE STEAM YACHT “ GITANA.” 
ch Glens we publish an engraving of the steam 
aoe recently built by Messrs, Joha I. Thorny- 
croft and Oo., of Chiswick, for the Baroness A. de 
Rothschild, and intended to run on the Lake of Geneva, 
where she was-sent i in pieces, there not being sufficiently 
good havigation on the Rhine to take it to its destination 
by water, The Gitana is built entirely of steel, is 91 ft. 
long and 13 ft. Gin. beam, and is rigged as a fore and 
aft schooner. The accommodation on board is ample, 
comprising a large.saloon, state room, &c., forward, and 
crew’s cabin and store-room aft. The engines are high- 


pressure cond , With three cylinders and injection 
condenser ; the |-pressure cylinder is 13.5 in. in dia- 
meter and the two low-pressure cylinders are 15 in. in dia- 


meter, the stroke in each case being 16in. The boiler is 
of Bessemer steel of the locomotive type, with copper 
npg - and brass tubes, the working pressure being 
b 

The speed guaranteed by the contractors was 18 miles 
per hour on a run of two hours, and this speed was easily 
maintained with a boiler pressure of 601b., and from 
248 to 250 turns of the “screw per minute. Upon the 
trial run, however, afar higher was recorded, 43 
‘miles having been run in 1 hour 48 minutes 22 seconds, 
equivalent to 23.89 miles per hour. The boiler pressure 
during this run was 1001b., the vacuum averaged 24 in., 
and the horse power developed was about 450, the mean 
number of revolutions ee 818 per minute, This large 
increase of speed on teed, was a matter of 
ednsiderable poste? ra the contractors, who received 
a premium on each mile made during the trial run abovs 
the 16 miles guaranteed. It is needless to say that 
‘Messrs. Thornyeroft have fully maintained their repu- 
tation by the remarkable peer =f above recorded, 





§ “Anwoup Locan Boarp or HzeattsH.—At the monthl 
of this Board held at _ Public Offices, Arnold, 
in the chair, Mr. Frederick Jackson of Not- 
fits plans and sect: of ‘he propoed Senge 
su’ i e 8 
works to be constru in Arnold, 


to join the main 
sewer in Church-street, "Basford, in ego with the 
Leen Vi sewerage scheme. The estimated cost of the 
works is l. The plans provide for flushing near Queen- 
street, Gedling- 
the works be 


road, and at Nag et Tt was that 

and the application be made to the 

— Government Board to lend the money, repayable in 
years. 





Tue German Iron Trapz.—An official return shows 
—— there were 324 blast furnaces in Germany in 1874. These 
worked on an average eight months and twenty 
sti 1874. The quantity of iron ore used amonnted to 

Come teen aA hoy 2 pace tons were produced in 


total quantity of pig and cast iron of 

the Het 3 Me de was BF ,208 tons. The average 
le employed = the trade was 22,765, of 

muon 8b wan women. ranked first with 244 


last furnaces. The Rhenish Seockatie vinces ranked second. 


The production of pig and cast iron of the first quality in 
in 1 ms 960,879 tons; in 1871, it The risen to 
eae tg) and in 1874 to 1,660,208 tons, as ly 


indicated. production of 1873 was, howetie, some- 
what larger badly that of 1874. 


Zend asad tclagraphs for 18758 waa patimated nt 
Government or was es a 
62,0001. ; the amount oabealig collected, however, exceeded 
that sum by about 1500. The namber of telegrams 
transmitted during the year was 1,051,086, being an increase 
of 183,958 over the yee financial year. verge 3 the 
value of ~ when mens forwarded for the general Govern- 
ment, th i of the meg res for the year 
prc to fo 79, 5371, The expenditure, however, exceeded 
the receipts by 2803. ; this was due to an of 
33641. in the re of the Cook’s Stenit “_ The ex- 
penditure in ises was also augmented an increase in 
the number of stations and in the pileage worked. Direct 
submarine hic communication has been established 
with Australia; a cable laid by the Eastern Extension, 
Australasia, and ‘China a mo opee Limited) for 
the attainment of this object for traffic 
February 21, 1876, and = been be used. Between 
February 21 and June 30 Ax, a og deegrae were 
3 the number of 
from New Zealand 


received through this ca 
The , of words 





ag epee tched thro wate cate tee 
in t eaame period was 3268 ms 








to expand equally with the boiler, it being filled with steam 


mind, I am forced to the conclusion that the stay princi 


compressed in these telegrams was 194 
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VERTICAL ENGINE 


CONSTRUCTED BY MESSBS. E. BR. AND F. TURNER, ENGINEERS, IPSWICH. 


Ir will be remembered by many of our readers that in 


the course of our report on the show of the Royal Agri- 
cultural Society held at Birmingham last summer, we | arrangement being such that 


noticed briefly a new type of vertical engine, which was 
then exhibited by Messrs. E. R. and F. Turner, of Ipswich, 
Other demands upon our space prevented us from illus- 
trating this engine at the time; but as Messrs. Turner 
will exhibit this class of engine at the Smithfield Show 
next week, we now give engravings of it, which will ex- 
plain its leading features. 

From the views given it will be seen that the cylinder of 
the engine is fixed on the top of a neat casting consti- 
tuting the frame, this casting having the crosshead guides 
and the crankshaft plummer-blocks formed in one piece 
with it. The cylinder is fixed firmly to the boiler, but 
the lower end of the framing is connected to the boiler 
only by means of a thin plate, as shown, this plate 
sufficing to keep the frame steady, and to resist the pull 
of the strap on the flywheel, but being at the same time 
sufficiently flexible to allow of the boiler expanding freely 
without affecting the engine. The strains due to the 
action of the steam in the cylinder are of course resisted 
by the frame alone, and do not come upon the boiler. 

A leading feature in the engine is the combined governor 
and stop valve, the arrangement being one designed and 
| ena by Mr. G. Low, of Ipswich, Messrs. Turner, 

owever, being now the owners of the patent. The nature 
of the arrangement will be best understood on reference 
to the part sectional view annexed. From this view it 
will be seen that the steam pipe from the boiler is joined 
to a small casing containing an equilibrium valve which 
controls the admission of steam to the cylinder. The 
spindle of the equilibrium valve just mentioned passes 
out through a stuffing-box at the bottom of its casing, 
and is connected by a screwed socket and lock nut to 
another short length of spindle having a button-head at 
its lower end. It will be noticed that the connecting 
socket just mentioned is provided with an arm, which is 


















































































































































traversed by a vertical stud on 
the framing of the engine, the 





























the spindle of the equilibrium 
valve is prevented from rotat- 
ing although it is left free to 
move endways. 

The button-head just men- 
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tioned as being provided at the em, sem 


¢ 2 Fea 





lower end of the extension of 
the equilibrium valve spindle, is clipped by a capas shown, 
this cap connecting it to the spherical casing which en- 
closes the governor. Below the spherical casing is a screw 
and handwheel by which the spherical casing, and with it 
of course the equilibrium valve can be raised or lowered, 
the parts in our engraving being shown in their highest 
position, and the equilibrium valve consequently closed 
and steam shut off from the cylinder. By turning the hand- 
wheel the spherical casing can be lowered (and the equi- 
librium valve consequently opened) until the further 
descent is arrested by the top of the spherical casing taking 
a bearing upon the horns with which the arms of the go- 
vernors are previded, as shown in our engraving. When 
the governor balls rise, these horns raise the spherical cas- 
ing, and consequently the equilibrium valve, the latter 
thus acting as a throttle valve. The whole arrangement 
is very neat and acts well. In our perspective view a 
hand lever situated above the spherical casing and work- 
ing on an inclined guide, is shown instead of the hand- 
wheel and screw above referred to. The latter, however, 
is the neater arrangement of the two, and itis that which 
Messrs. Turner now adopt. 





CoaL In PsNNSYLVANTA.— Coal has been found 
lvania. It is said to possess 
large vein of sulphur has also 

discovered is met 800 yards 








WALLIS AND STEEVENS’ PORTABLE 
ENGINE. 

WE give on the opposite page engravings of some of 
the chief details of an eight-horse portable engine con- 
structed by Messrs. Wallis and Steevens, of Basingstoke, 
and which will be exhibited by them at the Smithfield 
Show next week. The engine, which in general design is 
very similar to the three-horse engine exhibited by 
Messrs. Wallis and Steevens at the Smithfield Show in 
1874 and which was illustrated by us at the time (vide 
page 455 of our eighteenth volume), is one of the makers’ 
standard series of portables which have recently been 
thoroughly revised, most of the parts of this engine being 
made from new patterns; and although possessing no start- 
ling novelties, yet in the design every detail has been care- 
fully considered and recent improvements have been 
embodied. This engine is fitted with steam-jacketted 
cylinder, Messrs. Wallis and Steevens’ patent feed-water 
heater, high-speed cross-armed governors, &c., which will 
be hereafter described. The chief dimensions are as 
follow : 


.*in. 

Diameter of cylinder “ee ae 93 

of stroke ... ies ~ ier 0 
Diameter of steam pipe ... 
pipe 
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DETAILS OF 





Speed 175 ress per mow 


Diameter of slide val 
ope of slide ube " mn ad 
steam ports 3 in. by Gin. % 
laioter of thet ny Sins 
le valve 
crankshaft ... 


oor 


RF 


Length of crank journal 3 
» pin es) 
of pump plunger 
pump a Sg 
each 2in. in diameter. 
Diameter of flywheel , 
Width of flywheel pre so eso 
Speed of governors, 175 revs. per min, 
engine, 125 revs. per min. 
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8-HORSE PORTABLE ENGINE. 


CONSTRUCTED BY MESSRS. WALLIS AND STEEVENS, ENGINEERS, BASINGSTOKE, 


Fig 2. 


sstzg, 
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Boiler : 
Width of outside firebox ... 


_ See ae 
Barrel 2 ft. in. in diameter by 6ft. Lin 
28 tubes 6 ft. 7 in. long by 23 in, external 
4 ing by 23 


Grate area 5.9 square feet. 
Firebox heating surface 37.8 square feet. 
Tubes ” ” 127.6 ” ” 


Total i ” ’ 1654 ,, ” 
The cylinder (see Figs. 1 and 2), which is completely 
encircled by a steam jacket, as well as being is 
cast with the steam chest, having a foot carried all round 
the base, which enables it to be bolted down to the boiler 
barrel in a substantial manner. As is now usual in 
portable engine practice, the jacket is open at all times to 
the boiler, and in no way affected by the stop valve, the 
cylinder is therefore always hot, ready for work ; care has 
been taken in designing the jacket so that the accumula- 
tion of water or air in it is impossible.’ This is a point of 
importance, for it is a fact that a very high percentage 
of the jackets that are used—particularly on fixed engines 
—are not “steam” jackets at all, but very often contain 
water, or air, or both, the drainage in most cases being 
either entirely neglected or imperfectly carried out. In 
the engine we are describing the exhaust steam is con- 
ducted out at the side, and in its passage it is not allowed 
to touch the wall of the cylinder. 

The cylinder jacket and bush are separate castings, 
the former bored and the latter turned to gauges, having 


4 ecepeeecreeen 1.6 wemtre f tearing 
































the exact allowance made for shrinkage; the jacket is 
slightly heated before the liner is inserted, and when 
cooled down with the liner in position a perfectly steam- 
tight joint is made between the two; this plan of making 
steam-jacketted cylinders is now being largely adopted. 
Messrs. Wallis and Steevens were, we believe, the first to 
use it extensively with cast-iron bushes for portable 
engines, but steel bushes have been used by various 
makers for special engines. This mode of forming steam- 
jacketted cylinders is considered by the makers of the 
engine under notice to have several advantages over 
those cast entire. Thus there is a greatly reduced risk 
from defective castings, as all the walls or tions can 
be well examined before the bush is put in, while there 
are no jacketted ports to be stopped up. The liner also 
can be cast in “ stiff’ or hard metal, so as to be more 
durable, and the jacket in softer metal easily shaped and 
turned ; while the liner can be made of a medium and 
equal thickness all round, so that the heat can be freely 
transmitted from the steam in the jacket to the steam in 
the cylinder. Further advantages are that there is a 
reduced cost for moulding and core-making, the cylinder 
being very simple, and one cover of cylinder may be used 
for two sized engines by having the liners to suit 
the different sized pistons. 

Access can be had to the slide, stop, and throttle 
valves by simply taking off the steam-chest cover. It 
will be seen from the sections of the cylinder (Figs. 1 
and 2) that a sliding stop valve is with the rod 


as snug as possible to the sliding face to ent 
{iting the back of stop: tulve ties forms a box 
in which a piston and spiral spring are » the 
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former sliding on a planed projection on the inside of the 
steam-chest cover. The safety valve BP ane on the 
top of the cylinder in communication with the jacket, 
the spring balance being brought sufficiently clear of the 
cylinder, so as to allow the back cylinder cover to be 
taken off when steam is up. 

High speed governors are used of the cross-armed 
weighted type, very sensitive, and direct acting; the 
stand forms a guide for the slide valve rod, the socket 
of the joint passing through it, as shown in Fig. 3. The 
eccentric ps are of cast iron, Messrs, Wallis and 
Steevens having used these straps on their portable 
engines for the last three years, and found that they are 
more durable than brass ones. A cast-iron tray is fixed 
to the bottom guide bars for catching the oil from the 
bars, blocks, small end of connecting rod, and the drip- 

ing from the piston gland, which can easily be emptied 
y removing a plug in the bottom. 

The engine is fitted with Messrs. Wallis and Steevens’ 
patent “annular space” feed-water heater, which has 
already been described in ENGIngERING (vide page 372, 
vol. xvii., and page 455, vol. xviii.) In this heater it 
will be remembered the water and the exhaust steam 
are made to travel in opposite directions, the hottest 
water coming in contact with the hottest steam. It isa 
closed heater, the exhaust steam is not mixed with the 
feed water, the latter being heated between the pump 
and the boiler and passing through the pump cold. The 
cleaning out of the heater can be effected easily, and in 
little time; by experiment it has been found that this 
heater will deliver the water into the boiler with the 
pump full on at a temperature of 200 deg. to 205 deg. 

The heater is firmly bolted to the smokebox at the 
pump end, and simply supported on a fixing at the 
cylinder end, to allow for the expansion of the boiler. 
The crankshaft brackets are hollow castings, shown by 
Figs. 4 and 5, presenting a substantial and neat appearance 
without being in reality heavy; they have oil-catches 
cast round them just under the bearings. The means 
devised for emptying the oil out of these troughs is shown 
clearly on the drawing; a tunnel is cored through the 
bracket level with the bottom of the trough on each side, 
in the centre of which is a hole fitted with a plug out of 
sight in the panel of the bracket; by drawing this plug 
the oil may be run into a tin. 

The front of the boiler is prowided with the usual 
fittings, excepting the gauge cocks, which are abandoned, 
and two water gauges are supplied instead, having 
— them a brass plate pointing to the mean water 
evel. 





MARSHALL’S AGRICULTURAL 
LOCOMOTIVE. 

In the construction of traction engines the general 
custom of the largest builders has been to adhere closely 
to ordinary portable engine practice, and to dispense as 
far as possible with all framing, the boiler itself being’*made 
the foundation to which the engine proper and the working 
gear are attached. It is quite true that this general 
system of construction has been departed from in nume- 
rous instances, and that—in the earlier days of traction 
engines especially—many engines have been built in 
which a framing more or less independent of the boiler 
was provided for carrying the cylinders and working 
gear; but while this is so, the fact remains that the great 
bulk of traction engines now in use have little or no 
framing, and that they are so made that some of the chief 
strains due to the working of the engine are resisted by 
the boiler. : 

The advantages attendant upon what may thus be 
called the ordinary system of traction engine construction 
are tolerably well known. The absence of framing saves 
some weight, the engine being on the top of the boiler is 
under the eye of the driver, and is readily accessible, and 
the cylinder being fixed to the boiler is in a convenient 
position for being effectively steam-jacketted. Against 
these advantages are the disadvantages that the boiler is 
called upon to resist strains that de not properly belong 
to it, and that as boiler work is never absolutely true to 
dimensions, there is always a certain amount of special 
fitting in making the attachments for each particular 
engine, while the execution of repairs is not so easy as it 
would be if the boiler and engine were independent. 

It is to some extent to meet these latter objections to 
the present system of construction that Messrs. Aveling 
and Porter and Messrs. Fowler and Co. have of late 
adopted the plan of employing a kind of partial framing 
carrying the bearings of the crankshait, countershaft, 
&c., this framing being either attached to the boiler, or, as 
in Messrs, Aveling’s case, formed by extensions of the 
side plates of the firebox.casing. Messrs. Robey and Co. 
also, with the same object in view, last year brought out 
an engine which we illustrated at the time (vide page 471 
of our twentieth volume), in whieh the cylinder and 
crankshaft plummer blocks were carried by a cast-iron 
frame of peculiar form, this frame being mounted on the 
top of the boiler in such a way as not to interfere with 
the free expansion of the latter. Now, however, we have 
to record a much more decided move in the same direc- 
tion which has been made by Messrs. Marshall, Sons, and 
Co., of Gainsborough, who have lately introduced the 
type of traction engine or agricultural locomotive, of 
which we give an engraving on page 463 of the present 


number, our illustration representing an engine which 
Messrs. Marshall will exhibit at the Smithfield Show next 
week. 

In designing the engine under notice Messrs. Marshall 
have asteh on the principle that the boiler should 
be not merely partially, but entirely, independent of 
the engine proper, and that it should be capable of 
being readily removed for examination or repair without 
interfering with the engine or gearing. In other words 
they desired that the boiler and engine should stand in 
the same relation to each other as they do in an ordinary 
railway locomotive. With this object in view they have 
provided their engine with a complete frame, this frame 
carrying the cylinder, the plummer blocks for the crank- 
shaft and countershaft, the bearings for the driving 
axle, the fore-carriage, the water tank, coal bunkers, &c., 
while the boiler which is fixed to the cylinder at the 
smokebox end is at the firebox end merely connected to 
the frame by brackets which slide on the frame and thus 
allow the boiler to expand freely. 

The frame consists of a pair of frame plates suitably 
connected by transverse stays, the cylinder being fixed to 
these frame plates at the front end under the smokebox, 
as shown in our engraving. The engine we illustrate has 
a single cylinder 8}in. in diameter with 10 in. stroke, 
there being fixed by the side of this cylinder a feed- 
water heater through which the feed water is pumped on 
its way to the boiler. The cylinder is steam-jacketted, 
and special provision is made for draining the jacket of 
water. The guide bars are supported by a motion plate 
or transverse stay at about one-fourth their length from 
their rear ends, the guide bars passing through this plate 
and being of such length that they are slightly overrun 
by the crosshead. This arrangement, which has lately 
been much adopted in locomotive practice, enables the 
guide-bars to be made shorter and stiffer, and at the 
same time enables the crosshead to be drawn out when 
requirel, without disturbing the bars. The motion plate 
just mentioned also carries the weigh-bar bearings, and 
the bracket for the governor. 

The crankshaft is carried by plummer blocks fixed to 
the frame plates, a flywheel being mounted on it at the 
left-hand side of the engine. This flywheel is so situated 
that it can be got at by the driver in the event of the 
engine stopping on a centre, but if the engine is properly 
handled this rarely occurs, and we have seen one of the 
engines we are describing worked about a yard with 
a load for a considerable time, stopping in and 
starting from awkward places without there being 
occasion to touch the flywheel at all. The flywheel is 
also so placed that a belt can be led off from it to a 
thrashing machine, &c., well clear of the leading wheels, 
while the crankshaft can also carry a smaller pulley, from 
which a mortar mill or other machine requiring a slower 
speed can be driven. 

Of course when the engine is employed in driving a 
thrashing machine, &c., the road gear will be thrown out 
of action. This is effected in the usual way by sliding 
the crankshaft pinion on the crankshaft. This pinion, 
when the road gear is in use, drives a spur wheel on an 
intermediate shaft, this wheel having cast on it a pinion 
gearing into the main spur wheel on the driving axle. 
The latter axle is driven through compensating or 
“ jack-in-the-box” gear, this gear being made very strong, 
and its details being exceedingly well worked out so as 
to give ample bearing surfaces. The driving wheels and 
leading wheels are both of wrought iron and of neat 
design, the former being provided with an efficient brake. 
The fore carriage is all of iron, and it is situated under 
the cylinder, as shown in our engraving on page 463. 

The boiler has a flush-topped firebox casing and is 
without a steam dome, the steam being collected by a 
perforated pipe extending from end to end of the boiler, 
and communicating with a stop valve case fixed to the 
smoke-box tube plate above the tubes. The stop valve 
is arranged so as to be readily accessible, and the steam 
is led down to the cylinder by a steam pipe in the smoke- 
box as in an ordinary railway locomotive. The boiler 
exposes 129} square fect of heating curiget, while the fire- 
grate area is 4.9 square feet. The nozzle is kept 
low and carefully set in the proper pe*ttion in relation to 
the chimney so as to insure a good draught with a large 
area of nozzle, this being a point in wifich ordinary port- 
able engine practice is very defective. The boiler of the 
engine under notice is well stayed and the fittings are 
neatly 

The feed water is carried in a tank at the hind end of 
the frames below the footplate, and the fuel in coal 
bunkers on each side of the footplate. The feed water is, 
as we have said, warmed by forcing it through a heater 


on its way to the boiler, this heater being traversed by the | q 


exhaust steam, and being so arranged that the pipes 
through which the exhaust steam passes are quite free to 
expand and contract, while the whole can be very readily 
taken apart for cleaning. A tool box is provided between 
the frames at the leading end. 

As will be seen from our engraving the general appear- 
ance of the engine is very neat, and we think that Messrs. 
Marshall, Sons, and Co. are decidedly to be congratulated 
on the results of their bold departure from ordinary 
practice. The details of the engine have been worked 
out with much care, and the proportions are good and 





substantial throughout. We anticipate that this engine 
of Messrs. Marshall’s will be one of the chief novelties at 


the Smithfield Show next week, and that it will attract 
considerable attention from all interested in traction 
engine construction, 





ITALIAN IRONCLADS. 


following 
Dandolo, which are to be fitted with the 100-ton guns : 

“The Dnuilio and the Dandolo are sister turret ships, de- 
signed to move entirely by steam. The Dandolo, as she 
now lies half built on the slips, is curiously dwarfed i 
size by the mountains which surround the a 
103 metres [338 ft.] long between i , 18 
[59 ft.] beam, and 11 metres [36 ft. 1 in.] in h. 
acting as a cruiser her draught will be 8 metres [26 ft. 3in.], 
but when in action with an enemy she can so fill fore and 
aft com ents with water that she will sink more than a 
third of a metre lower, so that her draught will then be 
8.37 metres (27 ft. 6 in.] Her deck is plated with 2 in. of 
iron, and round the erable part of her she will have 
22 in. of iron on a backing described lately as that fired at 
by the 100-ton gun. The two turrets are arranged diagon- 
alk , 80 as not to interfere with each other in giving fore 

aft fire. They are enclosed in a box, which is covered 
by 22 in. armour at the water-line 18 in. above, and 14 in. 
below. The armour at the water-line tapers off to the ends, 
but a shot through the ends would not add to the quantity 
of water in the ship, because what water it could contain 
has been admitted already, and the buoyant of the 
vessel is all enclosed within the armour of the box. Of 
course the bottom of the ship has a double skin, with water- 
tight compartments. In the Duilio and Dandolo the dis- 
tance between the sides of the cellular structure is about 
one. metre, or a little more thana yard; but the present 
—_ p be carried ort hereafter, is + meet the amy per 
‘orce o! oes ea @ grea than e 
been wid boreeen the oimt where the Korpedo will strike 
and the inner skin, which is the life of the ship. Of course 
the whole ship is full of water-tight compartments. So far 
for the defensive arrangements of the sister ships ; now for 
their means of offence. First there are the four 100-ton 
guns, which can all be fired at the same time, and though 
ae 4 YY seen what = can ey to be ay veer 
what the discharge of four, with shots striking near eac 
other, would do toa ship. Moreover, the Duilio and Dan- 
dolo have spurs weighing 17 tons each. To add to the means 
of attack from the ee | of the ship, tubes are laid straight 
forwards for Whitehead torpedoes, which can be disc 
in the line of the ship’s . We do not say ina 
with the keel, because there is no keel below the axis of the 
ship, but two bilge keels ereenget es Mr. Froude’s plan to 
check and diminish rolling. ey’s torpedoes will also 
be towed, and since they are sometimes dangerous to friends 
as well as enemies if self-acting, Say wee eae at will 
by electrical means. Yet one more means of offence, and 
that a novel one, remains to be mentioned. In the stern of 
the vessel is an iron door, partly below the water-line, 
above it- Within the door is a large iron tube con- 
ining a steam launch. ing, the launch is 
laid up a — = the —_ is water-tight. mang 
suppose the io is close to an a whom 
she wishes to bring all her powers to bear. e iron door 
in the stern opens, enough water rushes into the tube to 
float the launch, and immediately a steam ram darts back- 
wards out of the ship and pushes the boat out of its iron 
cave with great velocity. This velocity is increased by the 
little engines in the launch, and she can, of course, steer 
and turn in a much smaller space than a ship. Before the 
enemy has had time enough to see that a blow is intended, 
long before any measures could be taken to meet it, the 
launch is under the counter of her big foe, the ironclad, and 
strikes her with a torpedo. 

**So, then, the Duilio and Dandolo have the heaviest 
armour except that of the Inflexible. Their engines of 
7500 indicated horse power (1200 nominal) are supposed to 
drive them at the rate of 16 knots an hour ; they have spurs 
to strike with, guns to dash in armour sides, smaller guns 
for less stringent difficulties ; loes which can be 
launched from beneath the bows travel under water, 
other torpedoes which are to be towed and strike an enemy 
alongside, and, finally, a torpedo boat, which, with its 
voluntary crew of one or two men, may be launched in the 
— of an action to strike a particular foe or join in the 

e. ” 





TRAMWAYS AT ADELAIDE.—A tramway has been pro- 
jected at Adelaide, South Australia, to run from that city 
to the suburban townships of Unley and Mitcham. 


ScrzncE AND Art DEPARTMENT.—The twenty-third 
report of this a ge has recently becn issued, and at 
the present juncture of School Board elections, some of its 


facts may be of interest, in reference to schools under the 
jurisdiction of the Privy Council of Education. It appears 
that the total number of schools at the end of 1875 was 
1299, showing a decrease on 1874, while the number of per- 
sons under instruction in 1875 was 52,669, showing also a 
ecrease. In examination for the Whitworth Scholarship 
48 candidates presented themselves and 33 » 26 were 
examined in practical work by Sir Joseph Whitworth at his 
works in Manchester. Asregards science teaching * ome 
ally in schools it seems somewhat on the increase, although 
really technical education seems to ish. It is a re- 
markable, but much to be regretted feature, that in the 
present election for the Metropolis School Board there is, 
with scarcely an exception, no allusion to this important 
subject. The three R’s are attended to, but other practical 
matters so essential to a large proportion of the scholars 
lected, their consideration being replaced by a 

i ises to do an immense amount 

education of the working 
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THE HEELY RAILWAY ACCIDENT. 
Eaky on Wednesday morning, the 22nd of last 
month, an alarming, though fortunately nota serious 
accident, occurred to the Midland Scotch express on 
its way northward, and just before arriving at 
Sheffield. As this accident was happily unattended 
with any loss of life, it has attracted a comparatively 
small share of public attention, and as the accounts 
published in the daily journals have been brief and 
confused, no clear idea of the details of the mishap 
have been obtainable. The report of Captain Tyler 
will of course contain full information on the subject, 
but as this will not be published until general interest 
has disappeared, we will endeavour to convey a clear 
idea of the accident, and of the causes which pre- 
= it from being developed into a true catas- 
‘he Scotch night express which left the St. Pancras 
station at 9.15 on the evening of Tuesday, November 
21, was made up as follows: After the engine, 
tender, and guard’s van was 4 long composite car- 
riage on two six-wheeled bogies, of the type re- 
cently introduced on the Midland Railway; then 
came a Pullman sleeping car, an ordi compo- 
site carriage, a second Pullman ear, two ordinary 
composites, and the rear van. ‘The train was in 
perfect order, and was fitted throughout, except 
the engine, with the Westinghouse automatic brake, 
With the arrangements of which our readers are 
familiar. : 
This train spossandad as usual until it approached 
Heely, which is about one mile from Sheffield, and 
forms in fact a suburb of that town. Just before 


— at oe ao —_ y wept». from some 
se or another, the train left rails, separated, 
and the rear. portion was partially wrecked. Heely 


station is situated on a curve about 80 chains radius, 
the line having a down e towards Sheffield of 1 
in 120, changing at end however into 1 in 90, 
all three gradients falling in the same direction, 
The station building at Heely is placed near the 
middle of a long platform, at one end of which 
(that furthest from Sheffield) is a signal cabin and a 
semaphore post. 

The Scotch express usually runs down the grades 
ped mentioned at a high rate of speed through 

eely station, and on the morning in question the 
velocity was probably nearer 60 than 50 miles an 
hour, At a short distance before reaching Heely, 
the driver of the train was conscious of something 
paving gone wrong by experiencing a sudden shock, 
and ost directly afterwards, he felt that the 
brakes were put on, and simultaneously the brake 
alarm whistle sounded on the engine. He did not 
shut off steam, not knowing what was behind him, 
but on the contrary, kept on until the brakes 
brought the train to a stop, about 600 yards beyond 
the station. He then found that the train had 
parted, and that he had only behind the engine 
the guard’s van and the bogie ommaeene carriage, 
four wheels of the rear bogie of which, by the way, 
had left the rails at the moment when the train 
parted, as was shown by the track on the ballast 
and sleepers when the engine stopped. Meanwhile 
the rest of the train which had left the rails had 
become broken up, and two of the carriages were 
overturned, The first of these—the Pullman car— 
had struck against the signal-post in passing, and 
wrecked it, then coming in contact with the plai- 
form it broke the planking up considerably, and 
finally, after passing the station building, turned 
over on its side, blocking the up-line, the two bogie 
trucks standing about in the same position they had 
occupied when the carriage body turned over. The 


composite carriage was also upset against the plat- | W 


form, and lay about four yards behind, while the 
second Pullman and the other vehicles had stopped 
with about seven yards between them and the com 
site above referred to. ‘The distance from the point 
where the train separated to where the Pullman car 
lay onits side was about 120 yards. 

Not only had no loss of life occurred, but very 
few of the passengers were injured. Five third-class 
travellers were somewhat severely shaken in the rear 
part of the train, but all those who had been in the 
Pullman cars and the intermediate composite were 
uninjured, and proceeded in a special. More than 
this very little injury was done to the carriages. 
The first Pullman was injured on striking the signal- 
post, and afterwards the platform, but its stoppage 
was attended by no injury, and the paint upon the 
side on which it fell was scarcely scratched, and 
but few windows were broken. On the other hand, 
the brake rigging was tly carried away, and 
generally broken up. ‘The composite was in a 
somewhat similar condition, and the other vehicles 
were chiefly injured, though to a less degree, in the 
brake gear. The rear van was partially wrecked by 
the falling of the signal-post that had been broken 
by the Pullman car a few instants before, Is is 
soemeted that about 500/. will repair all the damage 
caused, 

We may compare this result with the somewhat 
similar accident at Wigan in August, 1873, when 
a train running through the station at that place 
parted at some ‘ocing points, and four carriages 
off yy a siding, 


were separated, which runnin 
were piled upor each other, upon the platform, 


and 11] persorié ere killed and 38 injured. The 
speed on this occrsion was some 20 miles less than 
it was at Heely. 
Only one reason presents itself as explaining the 
small amount of damage on the latter occasion—the 
resence of the automatic brake—and there is no 
Foubt that had it not been for the manner in which 
the brake gear is of necessity arranged on the Pull. 
man cars, the injury sustained would have been still 
more trifling. An examination of the scene of the 
accident, and the state of affairs after it, leads 
irresistibly to this conclusion. As soon as the train 
separated — after the rear portion had left the rails— 
the brakes were put on to every wheel, thus check- 
ing their velocity. But the brake rigging on the 
Pullman cars is of necessity placed down very low, 
so that there is but little clearance when the vehicle 
is on the rails, and in tearing its way through 
the ballast and sleepers, the brake levers were 
quickly broken away, and the wheels released. It 
was probably at the moment when the retarding 
influence was thus removed from this car, that the 
couplings between it and the composite, and 
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‘between the latter and the next Pullman, yielded. 
IThe first Pullman employed the unchecked ianpetas 


remaining, after the brakes were released, in break- 
ing the platform, while the brakes of the composite, 
which had suffered less, checked the forward mo- 
tion of this vehicle, as we have seen, and brought 
it to a stand clear of the one ahead of it. In the 
same way the brakes, despite of the h: 

they sustained from the ballast, effectually brought 
up the rest of the train. 

Beyond the fact that the train was fitted with 
the automatic brake there was no reason why a 
worse catastrophe than that at Wigan should not 
have occurred, and it would be difficult to find an 
example in which the efficiency and value of this 
appliance could be more clearly marked, A train, 

not protected, running down a sharp grade at a 
very high speed, is almost certain of utter wreck, if 
from such cause as the present it is thrown off the 
track and separated. e rear part, as at Wigan, 
is doomed to almost certain destruction. But the 
Heely accident shows the power and efficiency of 
the automatic brake to arrest such a calamity. The 
very act of the train partin g brings the brakes into 
action, and their retarding force is cores to every 
wheel, so that the vehicles must be brought to a 
stand in about 100 yards, which they traverse with 
a constantly decreasing speed, instead of coming to 
a state of rest in twice or three times that distance, 
during which operation they incur a tenfold a 
of destruction, or of being stopped meantime by 
some fixed obstacle and broken to pieces in being 
piled on the top of each other. 

The cause which led to the Heely accident is not 
very clearly defined, and probably it never will be. 
The train appears to have been in ect order, 
and as fasrongNe appointed as the Midland trains 
always are. There were no i ints as at 
, and no obstacle lay on the track, so that we 
believe the accident co only have resulted from 
the spreading of one of the rails, and a consequent 
failure in the continuity of the gauge. ‘The Midland 
Company may certainly congratulate themselves on 
having—through the poe of the automatic 
brake upon this train—been spared a very fatal and 
very costly accident, 





HOOPER’S CORE. 
In an article on this subject in our issue of Sep- 
tember 1, 1876, we gave some particulars of a report 
by Lieutenant Stiffe, engineer of the Government 
Persian Gulf cable, on the length of cable with 
Hooper's core laid in 1868 between Jask and Bushire. 
The report taken altogether was highly favourable 
to Hooper’score. We pointed out that this report 
was of importance, as scarcely any reports on the 
condition of the numerous cables laid in which this 
core is employed had been placed before the public, 
We might perhaps have added with justice that 
scarcely any reports on the condition of the various 
cables containing gutta-percha core have been made 
public except as regards their condition immediately 
after submergence. In fact the actual state of the 
insulation of cables that have been down several 
years is rarely made public, and thus it is impossible 
to judge of the comparative durability of the insula- 
tion by gutta-percha as compared with that effected 
by india-rubber core in any exact figures, and we 
must fall back on general opinions as given by the 
various companies, a ng 

The reason of the reticence of the companies in 
giving actual figures, may be that the insulation is 
imperfect, a fact which they may wish to conceal, or 
they may be so thoroughly satisfied with the 
material, that they may wish to keep such satisfac- 
tion to themselves for fear of raising the price of 
the manufacture. 

The Hooper Company at any rate appear to have 
done their best to obtain the latest information and 
opinions on the subject from those who possess 
cables in which the Hooper's core is employed, and 
have gained experience on the subject. : 
Many of the reports from scientific authorities, 
though highly creditable to Hooper's core, scarcely 
bear on the point which we raised in our article. 
We had stated in an article on the subject in our 
issue of 1872, that many cables had been then laid 
with Hooper’s core, and those interested in the sub- 
ject wished to know how far the material had 
answered its as re durability of in- 
sulation, Amongst the lines laid may men- 





tioned the Great Northern T ph Company, 
whose system consists of the foll sections ; 
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Depron ite, us Ee 
’ Scote _ i ca i in ” 
* Swedish-Russian cablelaidin.. 1870 ;, 108 


», Moen-Bornholm cable laid in... 1870 ,, 80 
», Hong-Kong Shanghai cable laid 
The Sha hai - Nagasaki - Poisette TOTT > 5» 2296 
ane ae 
3089 


The Western Brazilian line, laid with this core 
in 1873 and 1874, comprises the cables between 
Pernambuco, Bahia, and Rio Janeiro, 1714 miles 


in all. 
The Central American Telegraph system com- 
prises, 
wise, Cayenne, and Demerara knots. 
m... one . eee 


ose 1874-5 1037 

Trinidad, St. Croix, laidin :.. 1875 542 
St. Croix, Porto Rico, laid in 1875 135 
1714 


The first of these sections is the line attacked by 
the saw-fish as mentioned in our last article. 

The West India and Panama and the Cuba Sub- 
marine employ Hooper's core on some sections. 

Although, as we have before stated, there are no 
figures giving the exact tests of the cables as they 
now stand, the amount of evidence as regards the 
numerous lines laid with Hooper’s core being in 
satisfactory working order must not be overlooked. 
After all, the sole object of a telegraph cable is 
that it should remain in working order, and if a line 
fails ever so much in its insulation this is commer- 
cially of no importance, so long as the line is able 
to carry m s. The high insulating qualities of 
Hooper's core permit it to fall in insulation consi- 
derably, and yet have an insulating resistance 
much higher than gutta-percha. Thus taking the 
Persian Gulf cable of 1868, the only line of which 
we have any exact tests ; here it is admitted that the 
line has still a small fault, but the tests give an in- 
sulating resistance of 1500 megohms per knot, or 
more than three times the resistance of the best 
gutta-percha cables when new. ‘This, too, in a 
cable which, besides having been down nearly eight 
years, has had, besides all the ordinary splices and 
joints due to its length, 300 joints made in addition 
in one length of 70 miles. 

The main question which must eventually be de- 
cided is, which is the best material for hot climates, 
and for survival through the ordinary ordeal of 
coiling, recoiling, dry storage, occasional exposure 
to the sun, increase of joints, &c., which the cable 
used in the maintenance and repair of lines has to 
go through ? 

The Hooper Company have acted rightly in 
bringing forward all the information available on 
the subject of their core, as they will, in so doing, 
facilitate those interested in the subject in forming 
an opinion on the question. 








DUPLEX TELEGRAPHY. 

Tue duplex system of working telegraph lines is 
the most important and romising advance recently 
made in electric telegraphy. As itis now a matter 
of practical success both on land lines and submarine 
cables, and likely within the next few years to be- 
come of very general use, it may be worth while to 
per ag here the way in which it is carried out. In 
order the better to understand the duplex system it 
may be best to consider first the connexions neces- 
sary for the ordinary method of working a tele- 
graphic circuit, or, as it is is now called, for simplex 
telegraphy. Fig. 1 represents these connexions. 
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A Bis the line between the sending station (or 
station from which the message is sent) A, and the 
pros | station (or station at which the message is 
received) B, At station A, ¢ zis the battery made 
up of a series of voltaic cells, one pole of which, say 
the copper pole, is connected to the key or sending 























instrument. The other pole of the battery is con- 
nected to a plate, usually of copper, buried deep in 
the earth and called the earth plate. The lever of 
the key is connected to the line wire. At station B 
the line is joined to the receiving instrument, which 
may be the Morse, the needle instrument, or any 
other, and through the receiving instrument |to the 
earth plate there, When the handle of the key at 
station A is depressed into contact at a, the current 
flows from the copper plate of the battery into the 
line, along the line through the receiving instru- 
ment at station B to the earth, and, in effect at least, 
back through the earth to the zinc pole of the 
battery, thus completing its circuit. it passes 
through the receiving instrument it makes its 
signal, and as often as the current is let into the line 
at station A so is a signal made at B. On land lines 
it is even made at nearly the same instant of time. 
No sensible difference of time between sending at 
station A and receiving at station B is detected even 
on very long land lines. But, as is well known, it 
is different on submarine cables. In a land line the 
current is confined on the iron wire, in other words, 
is kept from escaping to earth by the air surround- 
ing it and the porcelain or other vitreous insulators 
which fix it to the poles. In a submarine or sub- 
terranean line the current is confined on the copper 
wire by a coating of gutta-percha or india-rubber. 
But in the case of a land line the earth is far removed 
from the wire, and consequently its inductive action 
on the current is almost inappreciable, whereas in 
the case of a submarine line the earth or water 
(which is the same thing as far as induction is con- 
cerned), closely surrounds the wire and exercises a 
curious retarding effect, due to induction, on the 
current traversing it. ‘The electricity is, as it were, 
held back in its e along the wire by the 
mutual attraction between itself and the electricity 
which it induces in the circumjacent earth, and the 
current takes a distinct time to flow from the send- 
ing end of the cable to the receiving end. More- 
over, the nature of its flow is changed. Instead of 
rushing along full strength, like a bullet, so to speak, 
as it does on a land line, the current flows like an 
undulation or wave. For some time after the 
battery is put on at the sending end no effect 
is noticed on long lines by the most delicate 
receiving instruments at the other end ; then a very 
slight effect is noticeable which gradually increases 
till it attains its maximum, and finally dies away as 
slowly as it came. This retardation materially 
diminishes the speed of working through long sub- 
marine cables, and renders instruments of special 
delicacy necessary to commercial success in ocean 
ee. For an account of the siphon recorder, 
the finest of these instruments, see ENGINEERING for 
August 11th, 

@ come now to that somewhat abstruse and in- 
comprehensible system of telegraphy called the 
duplex system, but which might perhaps have been 
better named the counter system. It. may be 
defined as the sending of a message from both ends 
of a line at once, or the sending and receiving of 
messages at either end simultaneously. It is 
popularly believed that the two messages which 
are thus communicated through the cable in opposite 
directions at once, pass each other on the way in 
some mysterious fashion, but such is not the case. 
Duplex telegraphy has been practically solved by 
ingeniously connecting up the ordinary instruments 
so that the signalling currents from the opposite ends 
of the line shall oppose each other or not as the case 
may be, and not ty the invention of any new means 
whereby the characters of the currents could be 
changed so that they could pass each other in the 
line without interfering. 

Fig. 2 represents the connexions for duplex 
working by what is called the differential method. 
As the connexions at both statiors are exactly alike 
it is sufficient to consider those at either. At station A, 
then,"we have as in simple'telegraphy the battery with 
its copper and zinc poles, the zinc pole going to earth 
and the copper to the under contact piece of the 
key. The lever of the key is connected to the line 
through the receiving instrument, and the peculiarity 
of the receiving instrument is that instead of having 
one wire or circuit (through which the current 
passes) surrounding the needle, there are two wires 
wound round the needle in opposite ways, so that 
when a current through both, the effect of one 
wire on the teelte to counterbalanced by the effect 
of the other, because the same current is flowing in 
opposite directions through these wires. One of 
these branches is shown by a full and the other by a 
dotted line. Let us suppose that the key is put into 





contact witha. The current then flows from the 
copper pole to 4. At 4 it has two channels by which 
to flow through the instrument, viz., by the full 
wire into the line, and by the dotted wire into what 
is marked as the artificial line. It is, therefore, split 
up, and part flows by the full channel in one 
direction round about the needle, while part flows 
by the dotted channel in the opposite direction 
round the needle. Now if these two currents are 
unequal the needle of the receiving instrument will 
be moved, and every time the key makes contact at 
a. @ signal will be made by the needle. If, however, 
these currents are equal the needle will not move, 
no matter how often contact is made ata. This, 
then, is the first step towards duplex working. 
The operator at station A must join up his receiving 
instrument, so that although he may be sending 
currents into the line, he will not thereby affect 
his own instrument, which will still be free to 
receive a signal from station B. Now he can 
only do this by making his artificial line equal, 
or very approximately equal, to the real line in all 
its effects on the current. We have seen that at the 
point 4 the current has two channels to flow through, 
viz., one by the full branch of the instrument into 
the line to earth at the distinct station B, and one 
by the dotted branch of the instrument through the 
artificial line to earth at the home station A. Now 
if the resistance and retardation of these two sepa- 
rate channels to earth are alike, the whole current 
from the battery will divide itself equally between 
them, and half will flow through the actual line, 
while the other half flows through the artificial line. 

We thus see how it is that the operator at either 
station arranges that he shall be able to send signals 
to the distant station without affecting his own in- 
strument, and at the same time leaving it free to be 
affected by signals from the distant station. 

We have now to consider how it is that these 
signals are received from the other station, while the 
operator at A is sending at his station. Suppose 
then that the operator at station B has also arranged 
his apparatus, battery, key, receiving instrument, 
and artificial line, in the same way as the operator 
at A has done, so that when he sends to A he does 
not affect his own receiving instrument. 

Now for B to send while Ais also sending, B must 
make contact with his key as well.as A, and with this 
result that no current flows through the line at all. 
A stops B’s current, so to speak, and B stops A’s, 
for B uses the same battery power that A does, and 
the two currents have the effect of instantaneously 
stopping each other, But the great point is that 
B has the power to stop A’s current and A the 
power to stop B’s, for it is by this stoppage of A’s 
current that B controls A’s instrument, and vice 
versd by the stoppage of B’s current that A controls 
B’s instrument. Forso long as A’s currents are 
freely flowing through his instrument, one into the 
artificial line and the other into the real line, his 
instrument is undisturbed, but the moment his line 
current is stopped the balance of effects on his re- 
ceiving instrument is disturbed; all A’s current 
flows to earth through the dotted branch of the in- 
strument, thus moving the needle or indicator, and 
a signal is made. Therefore B has the power to stop 
A’s line current ; he has;the power to make signals 
on A’s receiving instrument without thereby affect- 
ing his own. And, similarly, A, by stopping B’s 
line current, has the power to make signals on B’s 
instrument without affecting his own. 

This may be made clearer by the following water 
analogy. Let us suppose that Fig. 3 represents a 
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plan section of a water pipe of peculiar construction, 
and that the radial spokes in the bulbs or enlarge- 
ments at A and B are water wheels. When water 
at a certain head of pressure (representing the 
electromotive of the electric current) is forced into 
this pipe at 4, part will pass to one side of the water 
wheel into the channel marked L, and part by the 
other side into the channel marked A L, and if the 
sectional areas and frictional resistances of these 
two channels are equal, half the current will flow 
one way and half the other. The wheel at A will 
therefore remain at rest. But the current flowing 
along the channel L will be free to rotate the wheel 
at B. We have now only to suppose that water at 
the same head of pressure is let into the pipe in the 
same way at B and to consider what then takes place 
Clearly the current from A filling the channel L 
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will be stopped, there will be a ter rush of water 
through the channel AL, and the wheel at A will 
rotate. We see therefore that by cutting off or 
letting on the water at B the wheel at A can be 
controlled, and similarly from A the wheel at B can 
be controlled at the same time. 

The other important method of effecting duplex 
working is termed the ‘‘ bridge method,” from the 
receiving instrument being placed in the bridge wire 
of a Wheatstone balance. The connexions are re- 
presented in Fig. 4. Here an ordinary receiving in- 
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strument composed of a single wire surrounding the 
needle may be used, It is placed so as to bridge 
across between the line and artificial line. The 
branch wires which divide the current are here quite 
distinct from the receiving instrument. The other 
apparatus are the same as before. The current 
coming from the key again splits at the branch 
wires, part goes by the upper branch through the 
line to earth at the distant station, and part by the 
lower branch through the artificial line to earth at 
the home station. And if more goes one way than 
the other there will also be a current through the 
cross channel of the bridge, which will move the 
needle and make a signal. But if the currents are 
equal in the two channels there will be no flow 
through the cross channel from one to the other, 
and consequently no signal will be made. Now, if 
the resistance of one branch be made equal to the 
resistance of the other, and the artificial line be 
made equivalent to the actual line this will be the 
case, and station A may send as many currents as 
he pleases to station B without disturbing his own 
instrument, Again, as in the differential method, 
when B puts on his current he stops A’s line current 
and disturbs A’s electric balance, thereby causing 
A’s instrument to signalise. In the same way A 
causes B’s instrument to signalise. 

In applying the water analogy to this case we 
may consider the two channels to be two parallel 
mill-races with a cross lead between, in which is 
placed a mill-wheel. If the loss of head, sectional 
area, and friction of these two races are equal, a 
stream of water admitted by a sluice at A will divide 
itself equally between them, and if the cross channel 
is made to join two points at the same level there 
will be no tendency for a permanent current to flow 
through it and turn the wheel, the channel will fill 
from both sides but the wheel will not be turned, 
If, however, the flow from A along the line race 
should be stopped say by shutting a sluice at B, the 
current from A would be dammed back on itself, 
the surface level at A would be raised, and there 
would be a current through the cross channel turn- 
ing the wheel. Similarly A by damming back B’s 
line current has the power to work B’s wheel. 

It will be seen from the above that it is very 
essential that the artificial line should be equivalent, 
or nearly so, to the actual line in all its effects on 
the current. For short land lines it has only to be 
a length of wire which gives a resistance to the 
passage of the current equal to the resistance of 
the actual line, But for long land lines (of over 
300 miles say), where the inductive action of the 
earth comes into play, condensers or other device 
for producing sudden static charges have to be 
added. On charging a long land line the static 
charge due to the earth’s inductive action is super- 
added, and for the first moment increases the dy- 
namic or current charge. In the same way on dis- 
charging the line the return static charge is again 
superadded to the dynamic discharge. These static 
charges and discharges are felt on the receiving in- 
strument as instantaneous currents, and they tend 
to produce a jerk or “‘kick” on the indicator of the 
receiving instrument over and above any slower 
motion due to the flow of the current. By giving 
an equivalent static capacity to the artificial line 
they may be exactly reproduced “pee it, and the 
: kicks” of the actual line may be balanced by the 

kicks” of the artificial line just as the dynamic 
effects in both are balanced. 

«nn mempeen wer a gnc nod effect be- 
8 very complica and it is only very recentl 

that the duplex system has been pave Bi y applied 

to cables. ‘The inductive effect of the earth is very 











great in the case of cables, and the sensible retar- 
tion and modification of the current throughout 
the entire length of the line is a very difficult 
matter to imitate or reproduce, No more application 
of condensers to the rheostat or resistance circuit of 
the artificial line will now suffice. Even a uniform 
distribution of condensers, such as is shown in 
Fig. 5, will not be sufficient for lines of any con- 
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siderable length. Not only must the current take 
the same time to traverse the artificial line that it 
does to traverse the actual line, but it must be of 
the same magnitude and form, it must travel in 
exactly the same undulation or wave. The difficulty 
of balancing submarine cables increases in a higher 
ratio than the length. What is called Muirhead’s 
artificial line furnishes, it would appear, a sufficiently 
close approximation to the actual cable to allow of 

racti duplex working on submarine cables. 

t is a peculiar form of condenser, or rather an 
inductive resistance, that is to say, it is a resistance 
circuit which also possesses a certain inductive capa- 
city in the same way that a cable does. Every 
knot of a cable has a certain specified resistance, 
inductive capacity, and leakage, so also has this 
artificial line, and it may be made to have the same 
resistance, capacity, and leakage per knot that the 
actual cable has. The resistance part of the circuit 
is a strip of tin-foil, and this is overlaid by a sheet 
of tin-foil separated from the strip by an insulator, 
such as paraflined paper. The sheet of tin-foil is 
the earth or capacity plate of the arrangement, and 
represents the ‘‘ earth” in the case of anactual cable. 
It appears that by this method the first practical 
successes in suomarine duplex have been attained, 
inasmuch as in the present year the balance was 
effected on the Marseilles-Malta section and on the 
Suez-Aden section of the Eastern Telegraph Com- 
pany’s lines, and regular working began. The latter 
cable is 1460 miles long, and, electrically speaking, 
one of the longest cables now existing. By pe | of 
conclusion, we may mention a few of the leading 
facts in the history of the duplex system. 

In the years 1853 and 1854 Dr. Gintl, an Aus- 
trian telegraph director, described and experimented 
with his system, which is the first known. Gintl 
employed two separate wires in his receiving instru- 
ment, but of very unequal resistance. The wire of 
higher resistance and greater length led to the line, 
and the shorter and thicker wire to the artificial 
line. He used two batteries, a large one to charge 
the line and signal with, a small one to charge the 
local circuit or artificial line. These two separate 
currents were made to balance on the receiving in- 
strument by adjusting the artificial line. 

In 1854 Herr Carl Frischen, an Hanoverian 
telegraph engineer, greatly improved Gintl’s plan 
by srolitying it into the differential method, where 
the wires of the receiving instrument are made 
equal, and only one battery is used. Messrs. 
Siemens and Halske subsequently reinvented this 
method, which sometimes goes by their name, 
Neither of these methods were, however, as then 
applied, very successful. 

n 1868 Mr. Joseph Barker Stearns, an American 
electrician, began to revive the neglected duplex 
system, and since then has achieved considerable 
success on land lines both in his own country and 
abroad. He employed the differential and Wheat- 
stone bridge methods, and invented a key which 
makes the earth connexion of the line of boob ba, | 
resistance, thus overcoming a defect in Gintl an 
Frischen’s methods, where in working the key in 
sending the line was sometimes to earth through 
the battery, sometimes through the artificial line, 
and sometimes (in Gintl’s) not at all. Stearns also 
applied condensers to the rheostat of the artificial 
line to counterfeit the induction kicks of the line. 
It would appear, however, that this had isha | 
been done in England in 1854, in experiments wit 
Frischen’s method carried on under a patent by 
Newall, 

In 1873 Mr. Winter, telegraph engineer to the 
Madras Railway,.of Arconum, patented the method 
of “‘ opposed batteries,” in which the batteries con- 
stantly oppose each other on the line, and signalling 
is produced by disturbing the balance by an earth 
connexion. 


In 1874 Mr. John Muirhead (of Warden, Muir- 


head, and Clark, Westminster), patented his artifi- 








cial line for duplex or submarine cables, and 
nothwithstanding the numerous experiments which 
have been made within late years to solve this 
difficult problem in a practical manner, his system 
has been hitherto the only one in practical 
operation, 


HOROLOGY AT THE LOAN EXHIBITION 
OF SCIENTIFIC APPARATUS. 


Horo.oeicat instruments at the Exhibition of 
Scientific Apparatus are comprised in the class 
Measurement, because they are measurers of time ; 
though for tae similar reasons thermometers 
might have been included in the same class, because 
they are measurers of temperatures, and similar] 
numerous other instruments, However, a line had 
to be drawn somewkere, and doubtless it soon 
became ap t that the loan of clocks, watches, 
and kin appurtenances would not be extensive, 
and, therefore, could not be classified alone. 
Nevertheless, so great is the variety in timepieces, 
and so numerous are the inventions connected with 
them, that a thorough display of horological art 
would tax the skill of exhibition promoters to the 
utmost, and would prove an exceedingly difficult 
undertaking. It would have to be kept in view 
that little can be learned from the mere inspection 
in glass cases of finished timekeepers, Even if the 
interior of a chronometer be exposed, the uninitiated 
cannot hope to understand the mechanism, or its 
—— unless it can be handled, and explained 

y an expert. Experts themselves can tell nothing 
about boxed up movements that they have not seen. 
Hence, unless the exhibition is to rival the shops of 
Regent-street with glitter of gold, glass, and enamel, 
there is no other course than to refuse admittance 
to all except single specimens of each variety of 
finished instruments, and to encourage the loan of 
select specimens of inventions and models connected 
with time measurers. This has been done to a cre- 
ditable extent, and thus a step has been gained in 
the direction of forming a rational horological exhi- 
bition which ought not to be lost to the future. 
Still, it is only too evident that the present is an 
attempt merely, and that success is very far from 
complete. Horology is not adequately represented 
either historically, or in its present state, in any of 
its branches. The valuable collection of models and 
curiosities go far to justify the exhibition, as they 
must be considered highly instructive to students 
and the public generally. It is very praiseworthy 
considering the circumstances under which it has 
been brought together in so short a time. The 
arrangement of the display and the cataloguing 
of the articles might have been more methodical. 

The Kew Observatory exhibits the pendulum ap- 

aratus used in the trigonometrical survey of 

ndia, A copper chamber on a firm wooden support 
contains in its upper part a pair of agate slain 
upon which the knife edge of the pendulum rests, 
and it has at the bottom a contrivance for stoppin 
and starting the pendulum, as well as a gradua 
scale for determining the arc of oscillation. In the 
same chamber there is also a fixed pendulum with 
thermometers, An air pump serves to exhaust the 
chamber, the vibrations being made in a vacuum. 
A small telescope erected at a short distance is for 
observing the coincidences of the beats of the two 
pendulums. A clock is used for timing the vibra- 
tions of one of the pendulums, The similar appa- 
ratus used by Sabine in various parts of the world 
is also exhibited. It consists simply of a massive 
iron frame supporting a pair of agate plates on which 
the invariable pendulum of Kater is swung, with 
clock by Shelton and telescope attached. 

The most ancient clock exhibited is from the 
Patent Museum, a striking clock used at Dover 
Castle, whence it was removed so recently as 1872, 
though it dates from 1348. It is set in action and 
made a prominent object. Itis constructed entirely 
of iron, is controlled by the oscillations of a weighted 
bar, has the verge escapement, and is said to be of 
Swiss manufacture. Some curious old clocks are 
lent by Professor Ballot, of Utrecht; two with 
conical pendulums used by Van Beek for determin- 
ing the velocity of sound, being constructed for 
short intervals on the decimal division of time, and 
are said to indicate the ten millionth part of twenty- 
four hours; another is one of the first clocks C) 
after Huygen’s principle, that is with cycloidal 
pendulum, The Naval Museum lends a clock by 
Quare, which has a double pendulum and dead 
escapement, shows minutes and seconds both sidereal 
and mean time, sun fast or slow, and an annual 
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almanac, Sir W. Congreve’s curious clock, in which| the only existing specimen, is shown in action.|small intervals by mentally dividing the intervals 
the action of the um is replaced by the motion | Glass requires far less compensation for change of | between the beats of a second’s pendulum into 
of a small steel on an inclined lane, which it} temperature than metal, the may thy fracture | tenths, is now superseded by another, . which 
descends in thirty seconds, comes from the Wool-| has alone prevented its adoption. e ingenuity |enables us to record permanently, as accu- 

rately as anything human can, any instant, or 


wich Museum. 


Ritchie and Son show their electro-sympathetic 
clocks. A motor clock maintains a system of clocks 
however distant in sympathetic action. The principle 
involved is the attraction and repulsion of the sym- 
a sg pendulum by electro-magnets. This pen- 

ulum may either carry the coils over fixed magnetic 
poles, or it may carry the magnet into fixed electric 
coils, ‘The escapement is formed of, two gravity 
arms which are alternately raised out of action by 
ets and stops are 
for- 
ward half a tooth, and locked upon the opposite 
arm until released by the return of the pendulum, 
While referring to gravity escapements we may 
han’s. His regulator has no 
upward locking, and he claims that it cannot trip 
or slip teeth, It is more unique and simpler —_ 
ts 
action as shown on his clock is of the most puzzling 
and complicated kind. The number of surfaces in 
contact to effect the lockings, unlockings, and im- 
pulses must, we should imagine, prove a source of | pa 
considerable friction, and the actions seem too 
jerky. However, it cannot be described without 
,and these with description, as supplied by 
the inventor, will be found in the second edition of 


the pendulum. The impulse pall 
so adjusted that the escape wheel is impelle 


notice A. J. Hig 


H, W. Ley’s detached gravity escapement. 


drawings 
the catalogue. 


The finest modern clock is exhibited by E. ae 
’s baro- 
metric compensation for irregularities of rate, small 
though they are, from changes of atmospheric 
Cabin escapement 

instead of Airy’s spring escapement, it is a similar 
clock of the Royal 
Airy’s escapement claims the at- 
makers, and it is a loss that it has 
not been exhibited, It has been found that the best 
clocks tend to gain with a high barometer, and lose 
Compensation had been attempted 
ears ago by Dr, Robinson, of Armagh ; recently Sir 
E D. Beckett has written a mathematical metre. 
y 


and Co. It is fitted with Sir G. B. Airy 


ressure. Except that it has 


instrument to the stan 
oar sap pf 
tention of clock 


with a low one, 


tion of the subject, and Sir G. Airy has practi 
effected it by means of the barometer itself, 


same direction as gravity. 


Professor Kreuger exhibits a pendulum with 
barometer attached, the rise and fall of its 
mercury affecting the centre of oscillation, corrects 
he difficulty, however, will always 
be in the exact adjustment of the due quantity of 


the clock rate. 


mercury. 

The United Service Institution lends the chro- 
nometer which made two voy 
Cook. It isa copy of Harrison's, construc 


ound curbs acting directly on the balance spring. 


he career of this instrument adds to its historical 
It was taken out in the Bounty, and her 
mutinous crew took it to Pitcairn’s Island, whence 
it got to Chili, where, in 1840, Sir T. Herbert 
ineas, took it to China, and 
fhe Blenheim in 1843, having 
durin He subse- 
it to the United Service Museum. 

E. Dent and Co. exhibit a timepiece, supposed to 
ed by Mudge. The escapement 


interest. 


bought it for fifty 
brought it home in 
kept a good rate 
quently presented 


the voy 


have been desi 
has springs, which are wound up at every beat 
of the escape wheel, and they give mpulse to the 
balance, which also has two springs to control it, 
one on each side. Compensation is by a curb acting 
upon the balance-springs. Altogether it isa curious 
and painstaking piece of handicraft. 

C. Frodsham and Co, show a marine chronometer 
fitted with an electric interrupter for astronomical 
and other chronographical purposes ; and Tondola 
and Co., Paris, one for distributing time to electric 
receptors, The Horological Institute lend old chro- 
nometers, one by Earnshaw, and another with 
Mudge’s escapement. Specimens of modern chro- 
nometers are shown by Dent, Poole, Tondola, 
and others, One with glass balance and glass spring 
(exposed to view), the handwork of the late F, Dent, 


A float 
on the mercury in the open tube of a siphon 
barometer actuates a beam balance, which has at 
its other end a horse-shoe magnet, which faces the 
opposite poles of two bar-magnets fastened on the 
pendulum. When theatmospheric pressure increases, 
the mercury and float are depressed, and the horse- 
shoe rises nearer to the bars; with the decreasing 
pressure the reverse takes places ; thus an increasing 
or diminishing magnetic force is caused to act in the 








8s with Captain 
by 
Kendall. The compensation is effected by com. 











































































































and erance lavished upon the chronometer 
balance is made evident by the numerous specimens 
exhibited by Poole, Dent, and the Horological 
Institute. Dent’s collection comprises fourteen, 
six of which he claims as his own inventions, 
The Horological Institute’s are arranged in four 

oups: Earnshaw’s circular rim balance and modi- 
cations thereof dates 1795 to 1876, such as Moly- 
neaux’s, Eiffe’s, Loseby’s, Hewitt’s, Poole’s, Airy’s ; 
forms distinct from the former from Hardy, 1805, 
to the present time, comprising Arnold’s, Dent’s, 


interval of time, on a scale which may be as large 
almost as we please. If observers were infallible, 
a thousandth of a second would be a gross quan- 
tity.” 





THE CHALK WATER SYSTEM. 

Tue third ordinary meeting of the Institution of Civil 
Engineers for the session 1876-77, was held on Tuesday 
evening, the 28th of November, Mr. George Robert 
Stephenson, the President in the chair. The paper read 
was on “‘ The Chalk Water System, ” by Mr. J. Lucas. 


Hartnup’s, Kullberg’s; twelve experimental formsfor| Hydrogeology, a term first used by the author in 1874, 
auxiliary compensation, not otherwise distinguished ; | took up the history of rain-water from the time that it 
soaked through the soil, and followed it through the various 


and ten experimental balances by the late T. Hewitt. 
This is the most commendable feature in the horo- 
logical display. ‘The Institute, following out the 
same idea, exhibits a collection of balance Springs. 

The displays of watches may be said to be a 
failure. A judicious selection of the best known 
varieties would have been useful. Poole alone ex- 
hibits keyless mechanism, although this is a fertile 
field of invention, having produced not a few 
tents; and as a speciality is not well known 
in all its varieties even to the generality of watch- 
makers. 

Chronographs come in another section of the 
Exhibition, as instruments for measuring velocity. 
The ballistic, electric, and clock chronographs are 
represented. Chronoscopic tuning-forks are to be 
found among the physiological instruments. The 
sphymographs, cardiographs, of Marey; the noemato- 
graph of Donders; the spirograph of Strickers ; 
the stethograph, kymograph, and cardiograph of 
Burdon-Sanderson, are each and all indebted for 
their registering action to horological art. Perhaps 
the most important application of horological art 
during the last quarter of a century has been in 
connexion with self-registering ——— for phy- 
siological investigations, for electrical, astrono- 
mical, and meteorological purposes; and such an 
auxiliary horology has been of much greater im- 
portance and has a much — scope of utility than 
most people are aware, hether for registering 
and measuring the movements of animals and plants, 
or the indications of instruments, the principle is 
generally a surface of paper moved before a 
registering point by watch or clockwork at a uniform 
rate. 

The only tools shown are Grossmann’s lever 


rocks which it afterwards . A hydrogeological 
survey comprehended an examination of all facts bearing 
on the form and position of subterranean water systems ; 
and, in basins where they were covered by superincumbent 
strata, the extend to which they were siphonised, together 
with other particulars tending to show their general capa- 
bilities for supplying water. The author had been for some 
time engaged upon such a survey. His observations on the 
chalk water system, which extended over four years, in- 
cluded well measurements, to determine the y ben and 
vertical limits of the water-line in the chalk. 

The chalk water system was bounded by the chalk marl 
below, and the base of the tertiary strata above. The lower 
chalk was characterised by few vertical fissures, and the 
upper chalk by numerous in ing fissures, the reg 


oe ea ones being along the layers of flmt. The 
water in the lower chalk exi as distinct streams, while 
that in the upper chalk was comparable toa river whose 
course wgs through numerous intercommunicating fissures. 
These streams or jets when cut in a well, were called 
feeders. The water-line was the name given to the upper 
surface of this water. It had been determined by passing 
a curve through the various points at which the hetght of 
the water-line had been observed to stand above sea-level. 
The water-line in the chalk formed a long inclined plane, 
terminating against the chalk marl. The water in the 
chalk was beunded by this line of abutment on the chalk 
marl. There was, therefore, a considerable strip of chalk 
in which there was no water. -The line of abutment only 
rose high enough to pour springs over the chalk marl at 
two points below the ent, between Guildford and 
Otford. The contours on the water accorded with 
the strike of the beds where there were no great valleys, 
but swept round the main valley systems, returning to 
their normal position under the alternate ridges. 
The height of the water-line was subject to variation 
ing to the rainfall. The tendency of the water-line 
was to rise and fall el to itself, but the springs at the 
tertiary base being points, and the main ridge of the 
chalk escarpment the source of greatest supply, in respect 
of a cross section, the line vibrated from those points, the 
amplitude of the vibration being under the source 
of larges erred to as the natural 


escapement gauge, and Robert’s callipering engine } t supply. This was refer 
both by the Forological Institute. Instructive dia. any gee pan govily f On chal eae 
grams are displayed of the Westminster clock, Royal | SP0™ Oh) “area of Ah The sectinl e 


of the 
water-line determined the horizontal of fhe water 
contours, which attained their most macthatlp position at a 
maximum epoch, and their most southerly at-a minimum 
epoch. The height of the water-line was influenced by local 
rainfalls, so that it did not vary everywhere in the same 
ratio between the same dates. In was nevertheless true 
of limited areas. The amount of variation was greatest in 
the lower chalk under the deep valleys springing from the 
chalk escarpment. The modern beds of these valleys were 
cut so deep that there was not room for the full natural 


variation to have play 


Observatory standard clock, and of escapements and 
balances, "Models of the compensation balance, and 
of Cole's resilient escapement both on a large scale, 
of repeating motions, and of Ferguson’s paradox, 
are lent by the Horological Institute; models of 
compensation balance, escapements and counters, 
by Winnerel, of Paris; models of chronometer 
escapement by P. G. Butler, T. Knoblich, and of 
other escapements by the latter, as well as by 


i : , herefore, the suppl, 
Dencker. The School of Mines makes the public | pU°S iI" beorbed TIA 5 yom: t oe pply 
acquainted, by means of good models, with such | {2 ‘waterline to. this height, ‘the excess bad to ‘flow 


down the bed of the ley as a stream or bourne. 
This species of bourne was due to the lower chalk. These 
sometimes sank again, so that there was a surface 

stream in the upper part of the valley and not in the lower. 
A slightly erent form of the same phanomence was 
shown in the intermittent springs that broke out at the 
i base. Since the variations in the height of the 
water-line were the result of excess or defect in the rain- 
fall, it followed that the water-line in every position had 
an appropriate quantitative value. In viewing these varia- 
tions over a series of years, a correspondence was observed 
between the ratio of the mean water-line for each year and 
the mean water-line for the whole period, and the ratio of 
the rainfall and of the rain absorbed during each year, to 
the mean annual rainfall and the mean annual quantity 
absorbed during the whole period. In estimating the 
quantity required by any particular point in the sectional 
area of variation, the mean water-line and mean rainfall 
were the most certain bases of calculation. were no 
data for calculating the mean water-line on the area treated 
of in the paper; but, from materials afforded by the 
Chilgrove Well Register, it was inferred that the ratio of 
the quantity required by the mean water-line, to that by 
the minimum, was as 2 to 1, and the ratio of the quantity 


parts of clocks as the crown wheel, recoil, dead-beat, 
and other forms of escapements, Geneva stop, 
striking movement, compensation balance. Among 
the remarkable collection of kinematic models, 
exhibited by Professor Reuleaux, are trains of 
wheels, ratchet trains, and escapements especially 
interesting in a horological point of view. 

Dent and Co. show the t forms of depleido- 
scope, & meridian instrument, depending upon re- 
flexion, and available for determining true time, 
Two forms of it are adapted to the latitude, the 
third or universal form is mounted on an axis, 
has a latitude scale, and is intended to be portable, 
and in this form it ought to gain more attention 
than it has hitherto received. 

We shall conclude this summary with some re- 
marks of Norman Lockyer's in the ‘“ Exhibition 
Handbook.” “The rude clocks of the Tychonic 
period have now been replaced by some keepers 
only just short of absolute perfection ; the compen- 
sation of the pendulum of the clock, or the balance that would maintain the maximum to the same, was as 5 to 
of the chronometer, for changes of temperature, is | 1. ing the oscillations of the water-line during an 
now accomplished in varions ways, and even the | period it was inferred : 1st. That the mean duration of fall 
irregularity of a clock’s rate for changes of atmo- me = it e~ again as ek mame Apation at: rim. en, fe 
spheric pressure has now been correc This per-| ine oni, Dark ay Gfths of period oot the water. 
fect flow of time, moreover, is now electrically re- es. below the po Kl rd. That the rere value of 6 
corded in a ent manner by means of chrono- 


c , rise in the water-line was 120 times the depth of rain to 
graphs, and ‘the eye and ear’ method of judging of | which it was due. ' 
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The effect of pumping was: Ist. To accelerate the rate 
of fall and to retard or intercept therise. 2nd. To  prolang 
the duration of fall, and that of the period in which the 
water-line was below the mean; and, 3rd. To lower the 
reservoir, or the sectional area of variation bodily, so as to 
establish a new system of water-lines. The limited capacity 
of the chalk water system ap from the gigantic 
effects produced by small quantities of rain. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
good attendance on ’Change at Middlesbrough. The 
market was weaker. Pig iron makers continue to ask 
46s. 6d. per ton for No. 3 and proportionate prices for 
other qualities, but buyers can place orders at a lower 
rate. The fact is that these is a falling off in the demand, 
and the production being enormous quotations are con- 
sequently depressed. More and more are the effects of the 
disturbed state of Eastern affairs being felt. Traders 
firmly believe that if a lasting peace were established 
various commercial projects would be carried out and busi- 
ness would be good. 


The Finished Iron Trade—In different parts of this 
great iron-making district works are stan idle and 
heavy losses are the result. Many hundreds of men are 
out of employment and have no prospect of obtaining work 
for some time to come. For the present the iron rail trade 
seems dead. Some large firms who have hitherto devoted 
their energies to iron rail making are laying down plant 
which will enable them to turn out a vast quantity of ship- 
building iron. Nothing further has transpired respecting 
the recent experiments of Mr. Isaac Lowthi ll, M.P., 
in iron rail making. Great hopes are entertained that the 
rails he can produce will prove of such a quality and be 
saleable at such a figure as will enable Cleveland to main- 
tain her position as the cheapest rail market in the world. 

Engineering and Shipbuilding.—Engineers in different 

arts of the North of England are busier, and many of the 
iron shipyards on the northern rivers are as full of work as 
they can be. It is sincerely hoped that this activity will 
continue. 


The Darlington Iron Company.—In compliance with a 
requisition a meeting of the shareholders of the Darlington 
Iron Company, Limited, was held at Darlington on Mon- 
day “‘to appoint a ‘committee with powers to investigate 
the past and the present financial condition of this company, 
and all matters and things appertaining thereto as to such 
committee may seem expedient, and to employ professional 
accountants and lawyers, and take the’opinions of counsel at 
the expense of the said company in regard to all such 
matters and things.” The capital of the Ganges is 
350,0001., and there are between 400 and 500 shareholders. 
Mr. Joseph Dodds, M.P., occupied thechair. The proceed- 
ings were stormy, Mr. W. B. Surtees, of Taunton, and 
other gentlemen taking part in a warm discussion. The 
motion to appoint a committee was lost, and an amendment 
of confidence in the directors passed. 


Cleveland Capitalists in America.—Some time ago in 
this district a company bearing the name of the Southern 
States Coal, Iron, and Land Company, Limited, was 
launched. The principal directors of this company, Mr. 
Thomas Whitwell, of the Thornaby Iron Works, South 
Stockton, Mr. Henry Fell Pease, of the Middlesbrough 
Chemical Works, and Mr. Edwin Lucas Pease, ex-mayor 
of Darlington, are now visiting the properties of the com- 
pany in America. These gentlemen will soon return, and 
no doubt they will give an interesting account of their visit. 
The capital of the company, consisting of 100,000/. in 1000 
shares of 1001. each, with power to increase to 500,000/7., has 
been applied to the purchase of three estates, the Battle 
Creek, the Cumberland Mountain, and the French Broad. 
The .Battle Creek is on the River Tennessee. There is 
abundance of iron and coal on the estates, and the company 
having commenced operations, are hopeful of a great in- 
dustrial future. 








NOTES FROM THE NORTH. 
Guasgow, Wednesday. 

Glasgow Pig Iron Market.—The market opened very 
strong on Thursday forenoon, and a good business was done 
at 60s. prompt cash and 60s. one month open, receding 
to 59s. 7id- cash in a week—buyers remaining at the latter 
quotation, sellers asking 59s. 9d. There was a steady 
market in the afternoon, with business done at 59s. 9d. one 
month open and fixed, closing with sellers over, buyers 
59s. 7id. Friday’s market was irregular. Opening quiet 
with sellers at 59s. 6d., the price afterwards receded to 
59s. 4id. cash, then advan to 59s. 6d. cash, and to 
59s. 7id. and 59s. 9d. one month open, and again re- 
turned to 598. 6d. cash in fourteen days and one month 
open, at which rates a large amount of business was done, 
the forenoon market closing with buyers at 59s. 44d. 
oe The afternoon market was steady, business being 

one at 59s, 6d. three weeks to one month open, and also 
at 59s. 44d. cash one week, closing with sellers at 59s. 6d. 
cash in fourteen days, buyers one month open. Notwithstand- 
ing from the top prices paid on Thursday the week still closed 
with prices 10}d. higher than on the preceding Friday. The 
market was steady on Monday forenoon, but only a limited 
amount of business was done. For a few lots 59s. 74d. open 
was paid, closing sellers over at that price, also at 59s. 6d. 
cash buyers offering at 14d. per ton less. There was 
rather an easier market ing the afternoon, business 
being done at 58s. 6d. one month, and 58s. 43d. cash, 
closing sellers 58s. 6d., buyers 58s. 44d. cash. Yesterday 


pr sme market ve exceedingly flat, and much lower 
were or a large quantity of iron. Opening 
at 59s. one Shades boise mh arm ba to,58s. 6d, cash, 








the market closing buyers at the latter prices, sellers 1d. per 
business dane at $84.64, tash, lodingréminally with buyers 

iness done a’ . 6d. cash, ing nomi with buyers 
at 58s. 6d., sellers at 58s. 74d. Opening at 58s. 5d. cash this 
forenoon a large business was done at 58s. 7d. cash, and 
58s. 7d. one month, the price ing to 58s. 3d. cash, at 
which buyers remained at the close, at 58s. 4$d. one 
month, sellers asking 1}d. per ton more. Messrs. Baird an 
Co. announced a reduction of 1s. per ton on all their brands. 
A great proportion of the recent buying has been purely 
speculative, based on the comparative cheapness of the 
commodity and the expectation of an improved demand in 
the near future. From the foregoing returns it will be 
seen that there has been a downward reaction since last 
Thursday, and doubtless some of the speculators have got 
their fingers burned a bit; but at the same time there is 
no doubt that the home trade is getting better. Local 
consumers’ requirements have increased, and thus many 
have been encouraged to buy for more than their immediate 
wants. Last week’s shipments amounted to 10,276 tons as 
against 8116 tons in the corresponding week of last year, 
and there was an increase of 588 tons into Messrs. Connal 
and Co.’s warrant stores, thus bringing the total stock up 
to 97,700 tons. There is no alteration in the number of 
blast furnaces in yey the total still in blast being 117 
as against 114 at the same time last year. . 


Manufactured Iron.— There is a better uest for 
manufactured iron. Higher prices are being paid, and as 
quotations harden, orders appears to become more plentiful. 
Whether this is work that was held in abeyance in the 
expectation of lower prices, or is given out for fear of 
having to pay higher prices, remains to be seen. 

Proposed Bridge across the Dee.—On account of the 
lamentable ferry-boat accident which occurred on the Dee 
at Aberdeen last winter, a joint committee of the Town 
Council and the Aberdeen Land Association was appointed 
some months ago for the purpose of promoting the erection 
of a bridge across the Dee. For a time the negotiations as 
to the raising of the necessary funds were at a standstill, 
but the arrangements for carrying out the object are now 
almost complete. Tenders are to be invited for the con- 
struction of a bridge, the width of which will be 36 ft. or 
alternatively 40ft-., and it will be a condition that the 
—_e be of sufficient strength to bear all descriptions 
0 c. 


The New Sea Light at the Mouth of the Dee.—The ar- 
rangements for the erection of a fixed light on the tower of 
the new South Breakwater at Aberdeen are now completed, 
and the light is already in use. It consists of three lights 
arranged vertically, 4ft. between each. The uppermost 
light is red, the middle white, and the lowest n, the 
whole being at an average height of 84ft. above high water 
of ordinary spring tides. These lights will be visible, in 
ordinary weather, at a distance of three-quarters of a mile 
seawards. Gas is used for the lighting, and is supplied b 
a pipe laid along the breakwater from the Torry side. 
small flamé will be kept burning continually in each of the 
lights, and the whole of the are arrangements will be 
controlled from the shore, so that the existence of stormy 
seas will be no obstacle to the nightly exhibition of the 
signal. The temporary light which has been shown from 
a mast at the side of the tower since the completion of the 
breakwater, is now discontinued. 





NOTES FROM THE SOUTH-WEST. 

The Severn Tunnel.—The contractors for this work 
have succeeded in boring this tunnel near Lydney. The 
work was begun in opposite directions, and a few days 
since a junction was made. Under a measurement the 
entire length has been found to be some 505 yards. Now 
that a passage has been made it will doubtless facilitate 
the progress of the line between Lydney and the bridge. 


Banbury and Cheltenham Railway.—The construction 
of this line is being vigorously proceeded with, and the 
works of the Banbury end are in a forward state. The 
line commences at King’s Sutton, near Banbury, a junction 
being formed there with the Great Western system. At 
Hook Norton, eight miles from Banbury, there is one of 
the largest open cuttings ever attempted in England. It is 
half a mile long and for a considerable distance it is over 
76 ft. deep. The line will cross Hook Norton valley by an 
embankment 85 ft. high. There are two tunnels on the 
line, one at Chipping Norton and one at Sandywell Park. 
The whole length of the line is 31 miles, and the present 
railway from Chipping Norton to Bourton-on-the-Water is 
utilised. Vigorous efforts are being made to complete the 
line between Bloxham and Banbury. 


Somerset Coal Trade,—Seldom, if ever, has so much 
coal been stacked at the pit banks in the Somerset coal- 
field as at the present time. One firm of colliery pro- 
prietors, on the western side of the field, estimates the 
stacks of coal at the pit’s mouth and ready for sale at 
10,000 tons, another at 7000 tons, and several compute 
their overplus at 5000 tons, while there is scarcely a pit in 
the district at which a large stack of coal cannot be seen. 
There is likewise a great quantity of small coal in stock. 
The mildness of the season up to the present time has, to a 
certain extent, caused the stock to be larger than usual ; 
but the general depression of trade, and especially in the 
manufacture of iron, is regarded as the chief cause of in- 
pm in coal. Atsome of the pits the men are working 
short time. 


Great Western Railway—Powers are proposed to be 
sought by the Great Western Railway Company in con- 
junction with the South Devon Railway Company, for the 
acquisition of additional lands at West Teignmouth, be- 
tween Parson-street and Fore-street, so that there is some 
additional prospect of the removal of the 
Plymouth, in connexion with the works of the Sutton Har- 


a) Great Waste cad Onin Valen’ Compaen te mks 





tunnels, and at | 194 


fendion of ings for the onstruction ot the fice Valley” dod 
Silverton Rail , 80 far aband: ; and 
for powers to enable working 

the Tiverton and North Devon Railway 

has yet to make its line, and to authorise oe fimabie seem 


+: whi 


Com; to subscribe to the capital and debenture of 


arrangements for the payment of the interest. on 
Valley debenture debt. 


New: Station at To .—The excavations pnd 
fimsinary work for the erection of ona een, station. at 

‘orquay are progressing use is being 
made of the favourable him omy 


_ Colliery Operations in the Swansea Valley.—The sin * 
ing of the V pit was commenced about five years since 
by Messrs. Cory, Yeo, and Co. At ade 4 of 60 yards, the 
services of the present manager, Mr. Ww iam Lean, were 
obtained to superintend the work, and the si was con- 
tinued until the shaft was 105 yards deep, when it was 
that more powerful Pumping machinery would be reuered 
to reach the coal. In January, 1874, the foundation of a 
: cog was laid; in nine months’ se Fe an ex- 
ce in. cylinder pump » made essrs. 
Williams, of Cornwall, was ccothel¢ onl by fhe ety — 
ot Maree Sng of a 20-in. plunge pole and other li 
were completed, when the sinking was resumed again under 


the superintendence of the and his foreman, Mr. 
J.C. per. Since then 68 ee have been sunk, making 
a total depth of 173 yards. The coal sought for has been 
struck at this depth. 


London and South-Western Railway.—This com 
pene, under the sanction of Parliament, to acquire 
or an extension of the station at Templecome; and in 
surehase lands for the puispens of teideuiig’ ad teaeetiee 
purchase lands for the p oO im 
the Somerset and Dorest ites. serede ns 

Steam Communication with Bristol. — The traffic 
between Newport and Bristol will, Rehan. be froatly 
increased by the formation of the Bristol and Newport 
Steam Packet Company (Limited), for the ap ae AB 
chasing the screw steamer Welsh Prince and plant, of 
——e. and extending the existing communication 
between Newport and Bristol, which has been carried on 
for five years by Messrs. R. C. Ring and Co. The t 
proprietors will take a number of shares in the new 
company, of it A, inte: to Fg noel gal pe = - 
shipping and unshipping goods at Newport, 
purchase a Cl de-bualt steamer, which will run to Avon- 
mouth from Newport in about an hour and a quarter. 
This will be of ae Se to — and 
a regular and increasin c is expected to be done 
as soon as the Avonmouth Docks are opened at Bristol. 

Water Supply of Bridgwater—The Corporation of 


Bridgwater ved to a to the Public Works 
Loan Commissioners for & loan of 30,0001., Mr. Hawk: "s 
estimate of the cost of a proposed water supply for the 


borough. 


Barry Island.—A number of gentlemen connected with 
the shipping and trade of the port of Cardiff met at the Car- 
diff Chamber of Commerce Buildings, on Wednesday, for the 

urpose of taking into consideration the best means of meet- 
ing the wants of dock accommodation for Cardiff. The gentle- 
men present discussed the course taken by Lord Bute, in 
declining to construct a south dock for the port, and several 
gentlemen also spoke upon the desirability of constructi 
a dock at Barry Island. It was also resolved to inform 
Lord Bute that, if further dock accommodation were not 


provided for the shipping, the Cardiff shipping interest 
would have to take their traffic elsewhere. the event 
of the above resolutions not having the desired effect, the 


meeting resolved to support a of the Great Western 
Railway Company, which is to be brought before Parlia- 
ment next session, to obtain powers to construct a railway 
to Barry Island, and to take steps towards the construction 
of a dock at the island, to be connected with the line of the 
Great Western Railway, having direct communication with 
the Rhondda Valley. 


Be er oo res aie te 
Tov e week, o! 

bei 89,601 Vertgyny Bevan 4 of 20,500 rl on the returns 
for the previous week. There is but little alteration in 
prices, though the demand has increased. uring the 
week bee tons of patent fuel and 100 tons of iron have been 
exported. 








BRAZILIAN Rartways.—A further section of the San 
Paulo and Rio de Janeiro Railway from Jacarchy to Caca- 
paya has been opened for traffic. The rails are laid 
on a further section from Cacapaya to Taubate. This latter 
section is expected to be s opened for traffic, and 
when it is finished two-thirds of the whole line will be com- 

leted. A circular railway now connects Para and Nazareth. 
The rolling stock placed upon the line consists of five loco- 
motives, fourteen passenger carriages, and eight freight 
cars. 





A New Zeauanv LicutHouss.—A lighthouse has been 
erected on Cape Foulwind on the west coast of the middle 


is of New Z . Light is now regularly exhibited 
from it. The tower is 53 ft. in height from the to the 
top of the lantern, and it is cted of timber and 
ted white, the u yaa eles ee Sees Wee 
wer part is open he lighthouse exhibits a 
second order revolving white light; this light is elevated 
190 ft. above the sea, and it seen at a distance of 
nautical miles in clear weather, and at lesser distances, 
according to the state of the atmosphere. 
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HARTNELL’S AUTOMATIC EXPANSION 
Se mt 

A GOVERNOR effectually to of an en- 
gine must possess two qualifications in sensitiveness and 
power, or a capability of changing oa for slight 
changes of and the ability to e such changes 
whilst attached to the controlling gear. Without sensitive- 
ness @ governor cannot be expected to regulate an engine, 
but for lack of power, although it may be inherently 
sensitive, the governor may be held fast or so retarded 
that a greater variation of speed than that due to its 
entire may take place. A weak governor attached 
to a cut-off gear is liable to be disturbed by such gear, 
and its proper effect rendered uncertain or abortive. 

The power a governor may exert, on a reduction of 
speed, cannot exceed that stored up when the balls are 
furthest from the spindle. In the ordinary pendulum 
governor this equals the weights of the balls multiplied 
by the perpendicular height they are lifted. The higher 
the ball rises the greater is the power, but the less the 
sensitiveness, the one quality being obtained at the sacri- 
fice of the other. This defect is common to the majority 
of gravity governors, and still more to the ordinary forms 
of governors. . 

vernors as usually proportioned, so as to be fairly 
eapable of working the ord throttle valve, are too 
weak to control variable expansion gear, unless acting 
through some intermediate source of power or on some 
form of trip gear, as in the Corliss engine. To increase 
their power without inconveniently adding to their bulk, 
several expedients are resorted to, such as increasing the 
balls, or adding a weight on the spindle (which increases 
the power, but in general leaves the inherent sensitive- 
ness unaffected), or the arms are crossed so that the balls 
rise higher with the same variation of speed. By none 
of these means can so much power be stored up as by the 
use of a spring, but such springs, in the more common 
forms of spring governor, are so attached that a com- 
paratively large variation of speed is required to utilise 
their force, or else the action must be so limited that they 
possess no advantage. 

The governor illustrated below is intended to meet these 
requirements, to be compact, light, sensitive, and powerful, 
and capable of acting promptly on an expansion gear. It 
is one designed by Mr. Wilson Hartnell, our engraving 
showing it as applied to a portable engine by Messrs. 





Marshall, Sons, and Co., of Gainsborough. An engine 
fitted with this governor is to be exhibited at the 
Smithfield Show next week. In this instance the 

is all attached to the governor stand, so that the whole 
may form an automatic expansion regulator conveniently 
adaptable to portable and fixed engines. It consists 
of two balls fixed on bell-crank levers, ‘the other ends 
of which carry friction wheels which press against 
the sliding piece on the spindle. The sliding piece 
is pressed by a powerful spring to resist the centri- 
fugal force. The Jevers move through an angle of about 
50 deg. 

Motion is transmitted to the governor lever shaft 
by means of a solid ring between a pair of levers, be- 
tween also a fixed and loose collar on the sliding piece. 
This lever shaft also carries the lifting lever with its lifting 
link, for raising and lowering the valve rod in the expan- 
sion link which is suspended from the governor stand. The 
parts are so arranged and proportioned that when the 
ae has a mean load there is scarcely any slip of the 

block. The range of expansion that can be obtained 
by thus the travel of the cut-off valve has been 
extended from the very beginning until five-eighths or 


KORTING’S UNIVERSAL INJECTOR. 
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two-thirds the stroke by the use of multiple ports and a 
particular adjustment of eccentrics and valves. A sharp 
cut-off is effected at all points, whilst the full power of 
the engine is, at any moment, available. 

The special advantages of this “ automatic regulator” 
are that it offers great facilities for the application of a 
strong spring, that it can utilise some two-thirds to 
three-fourths of its maximum accumulated force, at 
the same time the sensitiveness can be varied at 
pleasure with but little affect on the power. For since 
the resultant centrifugal force acts at the centres of 
the balls, and the force of the spring acts at right 
angles on the centres of the friction wheels, it follows 
that if the bell cranks be rectangular the two forces 
will, for all positions of the cranks, bear a constant 
ratio. Also, since at a uniform speed the centrifugal 
force is in proportion to the radius, whilst the resistance 
of the spring is in proportion to the compression, it 
follows that whatever be the length or strength of spring, 
if the initial compression bears the same ratio to the final 
compression that the minimum radius of ball bears to 
the maximum, the governor will be isochronous or will 
remain in any or all positions at a certain speed. Such 
an adjustment would be too unstable to govern an engine, 
but by reducing the initial compression any desired vari- 
ation of speed may be obtained. 

Thus if the governor illustrated were fitted with a 
spring that made the maximum and minimum revolutions 
290 and 270, by altering the tension of the spring other 
pairs of revolutions would be found, such as 272, 230, or 
281 and 250, or 290, 270, or 299, 290, or 304, 300. It 
may be observed that if a considerable variation of speed 
be desired the governor will be least sensitive when 
nearly closed, to remedy which the cranks should rather 
exceed 90 deg. 

The power of a governor about the same size, having 
a pair of 5-in. balls lifted 2 in., would be 5.7 foot-pounds. 
For the mean speed of 280 the work done by this 
governor with 3}-in. balls would equal 36 foot-pounds, 
or equal to a pair of 9-in. balls rising 2in. The mean 
resistance of the spring would be about 200 lb., equal to 
an 11-in. ball on the spindle. It is evident that no 
gravity governor of equal bulk (much less equal ——. 
could be nearly as efficacious where much resistance 
to be overcome. This governor offers also special facili- 
ties for the introduction of four or six balls where quicker 
speeds for higher powers are objectionable. 

In larger sizes the power that can be given out by the 
governor is still more striking. Thus for a governor de- 
signed for a large engine having a pair of 5}-in. balls on 
an 8 in. radius, with double springs, the power for a mean 
of 250 revolutions equals 265 foot-pounds, the height 
from the top of the cap to the bottom of the sliding piece 
in mean position being only 2 ft. 1 in. 





KORTING'’S LOCOMOTIVE INJECTOR. 

LocoMOTIvE injectors as hitherto constructed labour 
under the disadvantage of feeding with cold water only, 
and they can hardly be relied upon if the temperature of 
the latter exceeds 104 deg. Fahr. Even then they re- 
quire the most careful adjustment of the water supply. 
The reasons for this defect may be traced to the prin- 
ciples upon which the injectors are constructed. 

With an injector of correct proportions the certainty 
of action depends upon the velocity with which the 
water enters the space where the steam and water com- 
bine. In locomotive injectors to which the water can 
flow with only a very small pressure, this velocity de- 
—_ mainly upon the vacuum produced in the con- 

ensing nozzle. This vacuum must be kept as high as 
possible, With constant steam and tem ture 
of water, the vacuum dteigel ts tower in tse 
densing nozzle is fed with too much or too little 
water ; in the first case because the jet of steam has not 
sufficient power to impel the water which gives a back 
pressure ; in the second case because the temperature of 
the mixture is not low enough, and consequently the 
vacuum is lessened. For these reasons the water supply 
requires to be very carefully ted. With variable 
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vacuum becomes lower with increasing temperature of 
water and also with increasing steam pressure, as in both 
cases the temperature in the condensing space is raised, 
the maximum of which can be only 212 deg. Fahr. But 
at this point the certainty of action is nil; generally 
8 ing, this temperature should not exceed 194 deg. 

ahr. As the increase of temperature with high pres- 
sure steam is about 90 deg. Fahr., it follows that the 
feed water should not be hotter than 104 deg. Fahr. On 
this account many railways will not allow their drivers 
to warm the feed water in the tenders, as the reliability of 
the injectors increases with the coldness of the water, and 
certainty is of the first importance in railway management. 
This defect is almost entirely done away with in Kért- 
ing’s universal injector, which works with equal certainty 
at all pressures. This apparatus consists of two steam 
jet pumps combined. The second pump or real injector 
which forces the water into the boiler receives it from 
the primary or assistant injector under pressure, so that 
the second pump has only to overcome the difference in 
pressure existing between that of the boiler and that 
already overcome by the primary injector. 

The required quantity of steam is therefore divided, 
and only a small portion of it used in the first part of the 
apparatus. Consequently the increase of temperature is 
much less than in ordinary injectors ; the water entering it 
may therefore be much warmer without bringing the 
temperature in the condensing space above 194 deg. Fahr., 
which is the maximum here as in ordinary injectors. The 
temperature of the feed-water may safely be as high as 
158 deg. Fahr. A special feature of this primary injector 
is that with increased steam pressure it delivers, without 
regulation, more water at increased pressure to the second 
part of the apparatus. 

The second pump delivers into the boiler the. water 
forced into it by the primary injector. The certainty of 
action of this second partof the apparatus depends upon the 
pressure with which it is fed by the assistant injector and 
not upon any vacuum. As with increasing steam pres- 
sure the velocity of the water entering the second pump 
is also increased, it follows that with the same tempera- 
ture of feed-water, the reliability of this apparatus re- 
mains the same under all steam pressures, while with 
ordinary injectors it decreases as the steam pressure in- 
creases. On this account no water regulation is necessary. 
The temperature in the condensing space does not come 
in question with the second part of the apparatus ; it may, 
if required, exceed 212 deg. Fahr., and in fact does exceed 
it, for with feed-water of 158 deg. Fahr., and 120 lb. 
boiler pressure, the water fed into the boiler is actually 
257 deg. Fahr. The apparatus therefore must not be pro- 
vided with an overflow communicating with the atmo- 
sphere, as otherwise the high temperature would cause 
the formation of steam and an escape of water. The 
apparatus is started by opening a small cock behind the 
injector similar to that with which other injectors are pro- 
vided for letting the water out of the pressure pipe. 

The illustration published above shows the Korting uni- 
versal injector in longitudinal and crosssections. The work- 
ing steam simultaneously enters the two steam nozzles A, 
and A, in the injector. The jet of steam from A, draws 
the requisite water through the pipe B, and forces it 
through the cone D, with corresponding velocity. This 
velocity is transformed into pressure in the diverging 
tube E which communicates by means of the chambers 
G, and Gy (see cross-section) with the space H of the 
second pump. From here the water enters under pres- 
sure the condensing space D,, whence it is forced by the 
steam issuing from the nozzle A» into the boiler through 
the back pressure valve S. While starting the injector a 
cock communicating with space E, is opened till water 
escapes from it, after which it is slowly closed. These 
universal locomotive injectors are supplied by Messrs. 
ae Brothers, of 7 and 17, Lancaster-avenue, Man- 
chester. 





Tue Bexeran Coat Trape.—The condition of this trade 
has not experienced any material change. The i 
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IRON MAKING IN THE EAST OF FRANCE 
AND LUXEMBOURG.* 
(Continued from page 455.) 
SELECTION oF BLOowIne MACHINERY. 

Tue blowing engine is the soul of a blast furnace; one 
cannot be too careful in the examination of the various 

which are recommended. In the “Cours de Ma- 
c ”” of M. Callon, our eminent and much regretted pro- 
fessor at the School of Mines (vol. ii., page 305), the 
following is stated as to the selection of a blowing engine : 
** A steam engine of a blowing machine should work very 

ly and very continuously, with a consumption of fuel 
unimportant in comparison with the power obtained (thanks 
to the utilisation of the gas at the top of the furnaces sup- 
posed to be at disposal). 

‘« Under these two conditions, one is led to a solution ful- 

ing the following programme : To work with a moderate 
initial pressure, reducing the degree of nsion, but re- 
taining condensation if possible, as this allows the initial 
pressure to be reduced for a given expansion ; to work with a 
small velocity, which is not alone favourable to the employ- 
ment of condensation, and to the keeping in good order of 
the machine, but also, and particularly so, to the work of 
compressing the air, in preventing the heating which a too 
rapid compression would produce, and the resistance which 
would result therefrom.” M. Callon concludes by recom- 
mending the adoption of beam-engines, especially if several 
are to be built, which would allow of their being simplified 
by giving them in common feeding and condensing appa- 
ratus, and “ to establish a system nearly irreproachable.”’ 

Coming to the vertical engines, di acting, where the 
blowing [cylinder is placed at the top of the steam cylinder, 
in the same vertical axis, M. Callon admits (Section 723) 
that a problem, difficult as to the construction, has been 
uselessly imposed, and that there is lost, without sufficient 
motives, and without compensation, mechanically consi- 
dered, the convenience which Watt’s arrangements offer for 
the inspection and keeping in repair. 

I shall take the liberty of wolentings little the rigour of 
these conclusions. As I had at work at the forge of Ars- 
sur-Moselle for more than sixteen years horizontal blow- 
ing engines, slow and fast, and also vertical engines, both 
beam and direct-acting, I have been able clearly to notice 
the advantage of the vertical system over the horizontal en- 
gines, which I discarded, and I have been satisfied with an 
engine of the Seraing type,t which was erected in 1863, 
and worked very satisfactorily till 1873, that is ten years 
running, without giving the slightest trouble or requiring 
ms : serious repairs. 

was probably not the only one who found this result ; 
for this type, designed yo eng without doubt, for the 
exigency of a restricted space, found so many appli- 
cations, that the firm have arrived at No. 130, the pattern 
being improved more and more. If an engine makes its 
way like this, it must recommend itself by good results. I 
acknowledge that a beam engine, with a very good founda- 
tion (and many are ae in this) might be preferred, if 
— and the room occupied are left out of consideration ; 
ut it is probable that these two elements are of sufficient 
importance to make the adoption of the Seraing engines 
general in our district. 

The type invented and successively improved at Seraing, 
has been improved upon during late years at Creusét, where 
the four vertical columns are replaced by still stronger sup- 
ports in the form of a triangular framework, so that it 
offers a more extended base in the direction of the strain 
of the connecting rod on the slides. At Creusét, however, 
the compound system has not been adopted. 

_ Blowing Engines at Pompey.— the sale of the 
iron works at Ars-sur-Moselle in 1873, I was occupied in 
selecting two large blowing engines, to be ordered at once, 
for the new furnaces to be erected at Pompey. At Seraing 
and Creusét the time of delivery was given in a distant 
future, but Messrs. Quillacq and Co., of Anzin, decided to 
begin this construction,- and I had to come to an under- 
standing with M. Martin, their engineer, with regard to 
the execution of these engines. It was that their 
general design should be the vertical direct-acting engine 
type of Seraing and Creusét, that the steam cylinder should 
be provided with a jacket, and that each engine should have 
a double valve for the escape of the steam, either into the 
open air or into a condenser belonging to both engines, but 
ry — 9 of them. 

esign, prepared upon these data, was nearly 
completed when it was submitted to a most competent 


engineer, who prevailed with the idea of supplying each | tem 


- with its condenser. 
he blowing engines at Pompey, as eventually made, are 
vertical condensing“engines with expansion, having a single 
cylinder at the bottom ; the hlowing cylinder is above it, 
in the same axis; the guides with the crosshead for the 
meeps are between the two. The flywheel shaft 
Ln ay under the steam cylinder and carries a flywheel at 
wi end, a special arrangement of the brasses of the 
4 aes allows them to be changed without disturbing the 
the —, The connexion between the piston rods and 
e > t is established by means of a strong wrought-iron 
crosshead, guided between the guide bars, and two con- 
Th rods taking hold of the crank pins in the flywheels. 
e@ condenser i Pa the founlation and to a 
- ossible its dimensions consequen e 
——_ which it necessitates in ‘the solid awh we 
are atop a double-acting air p moved by a special 
shaft which makes double the revolutions of the main shaft. 


, * Extracted and condensed from Note sur les recentes in- 
? allations de Hauts-Fourneaua dans l’est dela France, en 
iorraine re ae co Seasaasbons . Par M. H. Remaury, 

ecteur 0! ie eurthe-et-Moselle), Sain‘ 
: Veuve Théolier ef Gis ere 
description of the type of ine here 
on page 294 of the sixteen oe wiuine 
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The blowing cylinder is 118.lin. in diameter, and the 
stroke of the piston is 8 ft. 2hin.: with a velocity of 
12 revolutions, which is taken as maximum, the volume 
discharge is 15,000 cubic feet per minute. The diameter of 
the steam cylinder is 49.2 in., and the stroke is, of course, 
8ft. 2}in., like that for the blowing cylinder. 

According to the dimensions given to the rims of both 
flywheels, their total weight is 45.4 tons, while the mean 
diameter of their rims is 23 ft. 9}in. I have insisted upon 
having in these engines pretty heavy flywheels, as I have 
found in practice that those of Seraing are too light. 

SeLecTIOon or Hot-Biast STovEs. 


The question of hot-blast stoves is one which has been 
studied most, and apparently one of the best solved. There 
is a preliminary selection to be made between stoves with 
cast-iron pipes, and those of refractory materials, of which 
there are not many, if the decision is for the latter, 
there is only a choice between the Whitwell and the Cowper- 
Siemens stoves. 

Cast-Iron Pipe Stoves.—I shall first quickly review the 
cast-iron pipe stoves, which I have employed, or which are 
used in our district j _ om pues) by some —— the 

wing p ss of the hea surface consequent upon 
the increase se of the make of the furnaces. 

Small Stove at St. Paul at Ars.—Having had, since my 
leaving the School of Mines in 1857, o- of the blast 
furnaces at Ars-sur-Moselle (St. Paul’s Iron Works), I 
found there impaired stoves losing blast and not heating. It 
was urgent to remedy this sad state of affairs for two small 
coke furnaces, making each 12 tons to 15 tons in 24 hours. 

These furnaces were constructed very closely, and cramped 
by boilers, lifts, and the old stoves which had to be re- 
) one after the other. I was thus led to construct 
a stove per tuyere, and I adopted the W: m plan 
with double serpentine pipes. This stoye has been bed. 
in the Bulletin de UV Industrie Minérale, in the year 1860, 
vol. vii., second part, Fe G. Bertrand. It was of a 
simple design, and contained 12 pipes, half flat, and par- 
titioned in a way to give them a certain bn apd and an in- 
direct heating surface to be added to the heated surface. They 

ve 36 square metres (387.4 square feet) and 3 square metres 
(32.28 square feet) per pipe, of which the weight was a little 
more than 600 kil mes (1320 lb.) The stove was very 
simple in construction, and cost 4000 francs, that is a little 
less than 100 francs per square metre (about 7s. 5d. per 
square foot) of heating surface. 

This same stove has been reproduced with three serpentines 
oF ag furnaces tnt _ and of —— x — ed 

le gas, req’ ew repairs, was eas' eaned, but gave 
not more than 250 deg. to 300 deg. Cent. (482 = to 
572 deg. Fahr.) of temperature, and it had the it of 
losing too much pressure. It secured at once a very good 
—s of the two small furnaces of 15 tons, now destroyed, 
at St. Paul, and replaced by a single one of about 45 tons. 

Stove of Messrs. Karcher and Westermann, at Ars.—I 
have mentioned this to show the improvement introdu 
in a stove of the same type for furnaces producing 30 tons 
to 35 tons per day at the iron works of Messrs. Karcher and 
Westermann, at Ars-sur-Moselle. This stove is described in 
the Bulletin de Industrie Minérale, second series, vol. ii., 
1873, by M. E. Servier. The pipes have nearl the same 
heating surface as in the first, but there are 42 of them 
weighing also about 600 kilogrammes each ; they are placed 
on edge, and have only a single partition inside, a 
at the end to allow the blast a double course, which 
permits of having elbows at one side only, the opposite 
side remaining free to receive cleaning doors. total 
heating surface is 126 square metres (1356 square feet), 
and a stove costs 12,000 francs (4801.), or a little less than 
100 francs = square metre. This stove renders good 
service, and heats up to 420 deg. Cent. (788 deg. Fahr.) ; 
it is especially easily cleaned. There are three for two 
furnaces ; but it would be better to have four, or three 
larger ones. 

arge Stoves.—Next, considering furnaces producing 
45 tons per day, I shall compare the furnaces of 
and Pont-i-Mousson, which are provided with stoves with 
2152 square feet of heating surface. At Frouard there 
are two eye per 4 hy oo ene mong = may be 
represen’ y ining t r apparatus joi i 
by side in three pore Any each containing 16 vertical 
siphon pipes; at the two ends are the horizontal accumu- 
lators of the cold and hot blast. The siphons of the middle 
chamber are connected with those of the outside chambers 
by elbows, protected by brickwork. These stoves give a 
perature of 400 deg.,Cent. (752 deg. Fahr.) Two suffice 
for a furnace making, with a net ca of 107 cubic metres 
(3777 cubic feet) up to 50 tons of forge pig iron. 

At Pont-’-Mousson, where foundry iron is made and 
where they cast from the furnace, M. Rogé employs 
Clarence stoves having a little more than 2150 square 
feet of direct heating surface, but he puts up three per 
furnace, or 6450 square feet for turning out 40 tons to 
45 tons per day of foundry pig; he has a small loss of 
pressure (about 2s Ib. per square inch), but he calculates the 
repairs to be 6000 to 7000 francs (2401. to 2801.) per furnace 
per year for a temperature of 450 deg. to 500 deg. Cent. 


(842 deg. to 932 deg. Fahr.) 

We the same surface of 2150 square feet (200 square 
metres) furnace with three Clarence stoves at Messrs. 
Metz Co.’s, Esch-sur-!’ Alzette, but for a make of 75 tons 


to 80 tons of white iron and a temperature of ar tiny Bs 
450 deg. Cent. (662 deg. to 842 deg. Fahr.) Under thi 
circumstances these stoves do not require many repairs. 
As soon as 200 square metres =% square feet) ina stove 
with cast-iron pipes are ex: |, the cost becomes con- 
siderable. Three Clarence stoves in work ought to be at 
rest a fourth of the time, for they ought to be gone into to 


clean them thi hly, therefore nearly as much surface 
must be given to them as to stoves of bricks. 


New Si at Dommeldange.—Messrs. Metz have hesi- 
tated to abandon the stoves with cast-iron 


pipes ; but 
Kintzelé, their architect constructor, has pata and built 








at Dommeldange an experimental stove with vertical circular 
cast-iron ae Pig a ne Saeeee Se Serene. eee ‘ 
whilst the t is heated by contact with the outside of the 
WR rectangular ebten of plate rivested tomstnen ike 
wi sides of plate riv: er. ipes 
are roe ory ma and replaced ; the i i yy 
obtain a hermetical joint on account i 
thet — is obtained, a. the inventor has 
enoug, me 0 copies 
left oy at mer ye He writes 
sequently upon good resul i 
they are Re to apply his complete 
No. 3 at Dommeldange, which, with regard to the economical 
view, would offer considerable advantages as to first cost, 
small consumption of gas, and ease of heating direct, should 
by <a whatever on or stoppage) the gas 
from furnace be wan time at which it is very 
im; v2 tye y nee es en 

0 es at Hayange.—At the large works of the firm 
of Wendel, Clarence stoves are used for the furnaces making 
forge iron. With these stoves they are well satisfied, pro- 
viding there is one stove in reserve for being cleaned w 
cold. A temperature of 840 deg. Fahr. is easily obtained. 
For one making foundry pig four Whitwell stoves 


are used ; 3 

made larger, and are modified in the heights and thickness 
of the — to avoid the costly irs of the first 
set, which, however, g a tempera’ 

1110 deg. and 1290 deg. Fahr. 

The average make of the four furnaces in blast at 
Hayange, in the month of May, did not exceed 60 tons per 
furnace, with an av consumption of 2288 lb. of coke 
ton of iron. By the Whitwell stoves is saved the 
rence in the consumption of coke, which existed former 
between grey and white iron. For forge pig iron it is no 
liked to go beyond the temperature of ahbr., and 
here is still rocm for cast-iron stoves. For foundry pig it 
appears to me settled that only brick stoves should be 


Whitwell and 0 Stoves.—The remarkable studies 
and publications of M. Griiner have made the selection 
between the Whitwell and Co stoves so clear that 
there remains only for me to indicate the course run by 
both of them in our country. The Whitwell stoves were 
the first erected. They were built nearly at the same time at 
Hayange, Longwy, at M. @’ Adelsward’s, and at Esch, for 
the Luxembourg blast furnaces. 

At the iron works of Athus, which have just been erected 
on Belgian territory, near Longwy and Esch, and which are 
not surpassed by any of its neighbours as to the careful 
and intelligent arrangements, Messrs. d’Huart have also 
adopted them for their* two 


) re furnaces, only they 
have five per furnace for making 50 tons grey foundry and 
80 tons white pig iron. 

If we look further round in ium we find the new 


furnaces at Seraing and at Sclessin, near Lidge, also 
ided with Whitwell stoves, so that it may be said that 
hese have held their ground in the north till now. The 
Cowper stoves are e: at the furnaces of Maiziéres, near 
Metz, but it is not known when they will be at work ; there 
will be soon some in operation at the iron works of Neuves- 
Maisons, near Nancy, and at Longwy, at M. Labbé’s. 

I have had al: once, at Ars-sur-Moselle, to decide 
upon this question before the sale of the works, and a project 
was made, in 1869, to supply with stoves the 
No. 2 St. Paul, the last erected. The foundations were laid 
when the sale of the iron works at Ars interrupted the exe- 
cution of the project. The successors of Messrs. Dupont 
and Dreyfus gave the preference to the Whitwell stoves, the 
working of which was already better known in our country ; 
there remained with regard to the Cowper stoves, though 
superior as to heating and less loss in pressure, the serious 
pee: er ve ~~, ev of cleaning, a it was 
expected it wo necessary to purify ; an 
operation always difficult and uncertain. For theese ¢ same 
reasons the first furnace at Pompey was also supplied with 
Whitwell stoves.* 

Conclusion.—On examining what has been done in this 
respect in the centre of France, where the Cowper stoves 
were first erected, I believe I may say that, when doubtful, 
the question of space occupied sh be decisive ; that it is 
far easier to construct two or three stoves in works alread: 
built, than to find room for four or even five, which would 
be much simpler for new works to be ‘erected. I may add 
oo in —_— with Whitwell o—_ they had to learn 

e details of expansion, ruptures 8 place 
nearly everywhere, when no account had been taken of 
aed gga materials used, and of its coefficient of di- 

on. 

Draught of the Whitwell Stoves.—There have also 
been many experiments with regard to the draught ; it was 
necessary to make new chimneys at Esch and at Longwy. 
At Athus very good draught has been obtained with two 
chimneys, each having a height of 164 ft., and a dia- 
meter at the top, the first of 11 ft. 6 in. for five Whitwell 
stoves and twelve boilers, the second 8 ft. 2} in. for five 
stovesonly. Itis well to observe here that of the five stoves 
three are in gas, one in blast, and one laid off for cleansing. 
The temperature is measured by a Siemens pyrometer. 
oe Bae hete Sane 6 ee ee Fahr. between 
the commencement and the finish of a heating, which is 
regulated by intervals of three hours for gas, and one hour 
for blast. A stove has 7747 square feet of heating surface ; 
each is once every month; the operations last 
twelve hours with eight men. 


(To be continued.) 


* I have compared the heating surfaces of the stoves 
with the make of pig iron, though it seems to be more 
natural to do it with the volume of air injected. If the 

of the consumption of coke for works were known 








M. ~ ne would be easy to pass from one measurement to 


the other. 
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Se ietabeld: Dhom: 
was 0} or on Monday last. Itiscon- 
structed on a gauge of thee feet, and commences at the 
the Furness Railway, terminating 


Tue Darren Sare Canat.—Mr. Lacharme has been 

blic some data with reference to the cost of a canal 

across the Isthmus of Darien, vid the Tuyra and Otrato 
junction souls. The cost is estimated at 10 ,000,0007. 


hd ay ath Boot, in Eskdale. There are six stations 
along the viz., Ravenglass, Muneaster, Irton-road, 
Eskdale Green, Beckfoot, and Book. The total 

seven miles and a quarter. 
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HORIZONTAL ENGINE WITH VARIABLE EXPANSION GEAR, AT THE SMITHFIELD SHOW. 


CONSTRUCTED BY MR. ARTHUR RIGG, ENGINEER, LONDON. 
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IRON AND STEEL AT PHILADELPHIA. 
MANUFACTURES AND WORKS IN THE UNITED STATES. 
By A. L. Houiey and Lenox Samira, 

No, I.—Swepisu Exuieits. 

Sandvik Iron Company, Limited.—The exhibitof this 
establishment was striking and extensive, and con- 
sisted of a comprehensive collection of ores, lime- 
stones, slags, fractured pigs, and Bessemer ingots, 
heavy steel forgings, twisted bars, tyres, saw blades, 
files, and cutlery. The manufactured products were 
tastefully arranged upon each face of a high wooden 
standard, each corner of which was supported by 
groups of finished bars. A prominent feature of the 
collection was a 5}-ton ingot, containing 0.60 per 
cent. carbon, formed cold into two pieces. Its frac- 
ture shows very few blow holes for steel containing 
no excess of manganese. Another notable feature 
was a 5-ton piston rod for a steam hammer, turned 
to show the uniformity of the metal. It was 13 ft. 
74 in. long, the diameter of the rod being 16 in., and 
of the piston 38 in. The piece was remarkably free 
from flaws on the surface, and very creditable in 
every respect. Another forging was a 3-ton crank 
axle for a steamer, having one throw cut out to show 
the ry ene perfect homogeneity of the metal. A 
third forging was a partly aoe | 3}-ton straight 
shaft for a steamer ; its dimensions are, length 27 ft. 
10 in., diameter 9g in., diameter of flanges 21} in. 
These forgings, notwithstanding their size, were 
without the slightest discoverable imperfection 
wherever turned for planed. 

There were also a number of smaller forgings, such 
as locomotive cranks, connecting rods, axles, and 
crossheads. A number of tyres were displayed, 
both finished and unfinished, varying in size from 

7 ft. 3in. in diameter down to 1 ft. 10}in. As an 
illustration of durability, a tyre was exhibited which 

ad been pressed off the driving wheel of the 24-ton 
locomotive, No. 32, belonging to the Swedish State 
Railways, by order of the Administration. Under 
the seal of the Administration, was affixed to this 
tyre acertificate stating that it had served 10} years, 
during which time it had run 196,707 English miles, 
The tyre is still 1§ in. thick, and, therefore, good for 
much further service. There were also four pairs of 
wheels fitted with tyres made by the Sandvik Com- 
Pa} concerning which the directors of the Gefle 
— omen 4 certified Sader their seal that they had 

» without being turned up, respectively 127,321.4 
147,742.6, 187,759.8, and. 260,615 English miles, 
there being curves of 1000 ft. radius, and grades 
of | ft. in 60 in the railway. 

Illustrative of the character of the steel in various 











(For Description, see Page 483.) 
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respects, an interesting series of special samples was 
exhibited as follows. The welding quality of the 
steel was also shown: 


carbon. carbon. 

A turning tool containing 1.10 welded to steel containing 0.30 
A file ” ” 1.00 ” ” .20 
Aborer_,, in 0.75 x a 0.40 
Achisel ,, ~ 0.70 “ me 0.50 
A bar ‘a pa 1.10 a wv 1.10 
” ” ” 1.00 ” ” 1.00 

” ” ” 0.90 ” ” 0.90 

‘i 0.80 a *” 0.80 


As can be plainly seen upon examination the too: 
above mentioned were of the ordinary quality used 
at the works, and the welded pieces being polished at 
the place of ne showed in every case that the 
union was perfect. The hardening quality of the steel 
was shown by the fact that it is successfully made 
into files, a number of which, by Messrs. C. \O. 
Oberg and Company, of Eskilstuna, were exhibited. 
The toughness and flexibility of comparatively high 
steel were shown by tyres and axles bent cold under 
a 15-ton hammer. e ends of the axles, although 
sprung apart somewhat, had touched, as could 
seen by the marks left upon them by the com- 

ression, ‘The axles contain 1 per cent. carbon. 

he sides of the tyres, which were turned, although 
they had sprung back about 1 in., also bore unmis- 
takable evidence of having been powerfully forced 
together cold during the testing. Another tyre was 
shown which had stood doubling cold without frac- 
ture, and which was then bent sidewise until broken 
by blows of the hammer. There were several samples 
of steel bars knotted cold by the hydraulic press, 
among which was one piece 3 in. in diameter contain- 
ing 0.20 per cent, carbon and another 24 in. in dia- 
meter containing 0.40 per cent. carbon. A number of 
bars lin. by $in. were exhibited which were twisted 
cold until broken, to show different degrees of tough- 
ness according to the proportions of carbon. The per- 
cen of carbon varied $roma 0.20 to 1.10, and the 
ductility increased regularly with the diminution of 
the carbon. The homogeneity of the steel was demon- 
strated very completely by the ama of steel 
turnings exhibited, one of which was 752 ft. in 
spiral, or about 4139 ft. stretched out. 


The ability of the Sandvik Company to make 


direct Bessemer steel for tools, is shown by the fact 
that this steel has been used without may xpos Pod 
the cutlers of Eskilstuna for fifteen years, in making 
razors, scissors, table knives, and other cutlery. 

The ores exhibited by the Sandvik Company 
range in phosphoric acid from 0.011 to 0.048 per 
cent., af 


the pigs employed contain what would in 











eneral practice be called buta trace of phosphorus. 

he pig averages but 0.10 per cent, manganese, 
although the protoxide of manganese reaches 9.58 
per cent. in some of the ores used. 

Fagersta Steel Works.—The central feature of the 
Fagersta exhibit was a large cylindrical column com- 
posed of Bessemer steel bars of various shapes and 
sizes, including angle bars and tramway rails. The 
bars were especially remarkable for a high degree of 
finish. The base of the column was surrounded by 
specimens of ores, limestones, slags, and pig metal, 
and a complete series of 9-in. Bessemer ingots and 
blooms corresponding, forged from pieces of the 
ingots. The clon ingots were arranged accord- 
ing to the proportion of carbon, which varies from 
0.15 per cent. to 1.00 per cent., the fineness of the 
crystallisation increasing with the percentage of 
carbon and the absence of blow holes. Crankshafts, 
locomotive cranks, and connecting rods, were also 
exhibited, all of which were very perfect forgings, 
although not large. The exhibit also contained 
spikes, nails, and nail rods. 

Among the features inviting especial attention was 
a railway axle which had been tested by a 12-cwt. 
drop from a height of successively 5 ft, to 20 ft., “d 
which a deflection of 10 in. was obtained, after whic 
it was reversed and straightened by several blows 
of the same drop falling 24ft. This axle was 
selected at random from a lot of 200 axles ordered 
for the Swedish State Railways, which fact, as well 
as the test described, is certified to by the General 
Director of Swedish State Railways. 

There were also shown railway car springs, circular 
and band saws, and boiler plates. A boiler was ex- 
hibited, taken from service, in which the crown of 
the flue had become red hot, and was forced down, 
but which had stood the test without cracking. 
Fagersta steel is employed to a considerable extent 
in the manufacture of gun-barrels, and a series of 
pieces illustrating the successive stages of gun- 
making was comes and also a number of gun- 
barrels, which been subjected to very severe 
tests without bursting. There were also many rock- 
drilling implements made of Fagersta steel. 

An interesting and instructive feature of the ex- 
hibits was a series of small assay ingots and corre- 
sponding slags, taken from the Bessemer converter 
at various stages of the blow: 


: Per cent. 
min. carbon. 
An assay ingot taken 34 from beginning of blow ye 
2 Pras | ate Pow 
” %” 13 ” ” 0.20 
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The fractures of the ingots became gradually more 
open in texture as the blowing continued, and the 
slags corresponding are porous and swollen in the 
earlier stages and gradually vitreous, and finally 
stony and opaque as the blow reaches its close. 
A series of fractured bars 1 in. — illustrated the 
change in texture; the crystallisation being per- 
ceptibly whiter and finer as the proportion of carbon 
is increased. 4 

The exhibit also contained a large collection of 
samples of Fagersta steel of various tempers which 
were mechanically tested by Kirkaldy in London. 
These include tests by compression, torsion, tension, 
&c., and the results, which are detailed in a cial 
pamphlet distributed by the Swedish Commission, 
are highly creditable to the quality of the steel. — 

The ores used at Fagersta contain in some in- 
stances as high as 10.40 per cent. manganese in the 
form of protoxide, and the portion of phosphoric 
acid varies from 0.009 per cent, to 0.016 per cent. 
The pig iron contains upon an average 0.027 per 
cent. of hosphorus and 4.49] per cent. manganese. 
The followite interesting ‘anal showing the 
chemical . Scnied: esotat of Ae 
employed for the purposes , are con 
in fhe pau et descr) tive of the exhibit published 
by the Fagersta Steel Works. 


ions of the 
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(a) Steel for soft plates, | | | 
railway axles, &c.| 0.088 0.008 | trace | 0.025 | trace 
(b) Steel for gun bar-| } 
rels, shafts, &e. | 0.25 | 0.086 | 0.234 | 0.022 | _,, 
(c) Soft steel for tools, | | 
saws, &c. ...| 0.70 | 0.082 | 0.256 | 0.023 | ,, 
(d) Hard steel for tools, | | 
chisels, turning | 
tools, &c. | 1.05 | 0.067 0.355 | 0.028] ,, 





The whole of this splendid Fagersta exhibit has 
been presented, through the Swedish Commission, 
to the American Institute of Mining ee 

Motala Iron and Steel Works —The exhibit of the 
Motala Works was a very extensive one, comprising 
ores, coal, peat, charcoal, refractory bricks, pig iron 
for both iron and steel puddling, and for the manu- 
facture of Bessemer po Martin steel, and also frac- 
tured Bessemer and Martin ingots, and corresponding 
rolled and hammered products in an extensive variety 
of forms, The prominent feature of the display was a 
very large and striking octagonal column, the sides 
of which were formed of bars of steel and puddled iron 
in a great number of sizes of squares, flats, rounds, 
angles, and channels, also rails from the lightest 
patterns to the heaviest. Wound around the base 
of the column, and hanging in graceful festoons from 
the upper part, was a Siemens-Martin steel turning, 
about one mile inlength. Atthe base of the column 
were arranged systematic collections of fractures of 

ig irons for various uses, blooms, pec iron, and 
ingots of Bessemer and Martin steels. 

The irons intended for steel making by the 
Bessemer and Martin processes showed a very fine 
colour in the fracture, and contained, according to the 
analyses furnished, traces only of sulphur and phos- 

horus and about 3.00 per cent, of manganese. The 
irons for steel puddling contained traces of sulphur 
and phosphorus, and those for iron puddling 0.01 per 
cent. of sulphur and 0.03 per cent. to 0.05 per cent. 
of phosphorus, The puddled iron blooms were close 
grained and quite free from cinder, and the puddled 
steel blooms were very free from cinder, and varied 
strikingly in the appearance of the fracture accord- 
ing to hardness. : 

There were also exhibited very interesting collec- 
tions of Bessemer and Martin ingots fractured. The 
series of Martin ingots contained carbon from 
0.15 per cent. 0.20 per cent., &&, varying by 
successive tenths up to and including 1 per cent. 
carbon, while the Bessemer ingots contained 0.10 per 
cent., 0.50 per cent., and 1.00 per cent. carbon. 
The general characteristics of the fractures of the 
two series of ingots were similar. Among finished 
products were a number of Bessemer and Martin 
railway axles and rails, many of which were bent 
cold in such a manner as to show great toughness 
and flexibility. Some flanged steel plates were also 
exhibited, and a large ane om late of puddled iron, 
all of which were very creditable both in quality and 


four times without cracking. The remaining notable 
portions of the exhibit were some coils of puddled 
steel for making gun hoops, finished hoops for 4-in., 
10-in., and 11-in. guns, and breechloading apparatus 
of Martin steel. An unfinished double crank axle 
of Martin steel was also displayed, weighing 6 tons, 
and also mild Martin steel. armour plates, one of 
which was 3} tons in weight, and the other 8 tons. 

The Exhibit of Iern Kontont or Swedish Ironmasters’ 
Association.—Vhis collective display of raw ma- 
terials and products was an important feature of the 
Swedish exhibit. The first noticeable feature was a 
splendid geological map of the iron districts of 
Sweden, accompanied by a case of specimens, each 
about the size of a half brick, of every rock in the 
district. 
have been presented to the American Institute of 
Mining Engineers by Professor Akerman, 

The metallurgical exhibit consisted of ores grouped 
about pyramids composed of bars of iron and steel 
from the different works. The principal works 
represented and their-exhibits were as follows: 
The Charlottenberg, containing ores, fractures of 
pig iron, and blooms, and iron bars of various sizes, 
many of which are twisted to show quality, also nails 
and spikes. Stora Kopparsberg and Ferna exhibited 
ores, blooms, billets, bars, and s ‘samples 
of spiegeleisen. Ramniisand Larsbo ed ores, 
pig irony merchant bars, and small 
spong showed ores, a fine collection’ of Samples of 
gun irons, irons for malleable castings in consider- 
able variety, chilled car wheels, chilled shot and 
shells, 12, 16, and 24 centimetres in size, and blooms, 
bars, rails, andangle iron, Some of the chilled shot 
were fractured and were very remarkable in respect 
of the great depth and perfection of the chill and for 
the long interpenetration of the chill with the grey 
iron, showing great strength and hardness com- 
bined. Ankarsrum exhibited. chilled iron shot, 
double pointed crossings, blooms, bars, and wire 
rods. e fractures of the shot were very creditable 
as regards the depth of the chill, its interpenetra- 
tion, and the strength of the grey iron. One of the 
cast-iron railway crossings had been used 8} years 
at the station of Aroika, as certified to by the Rail- 
way Administration, and is still in good condition. 
Osterby and Strémbacka exhibited ores, pig iron, 
Bessemer and crucible steel ingots and iron bars. 
Bjérneberg exhibited ores, pig irons, Bessemer in- 
gots, and fractured bars. Laxa showed ores, pig iron, 
blooms, and fractured bar iron, and also some samples 
of round iron bent into knots and spirals, the tests 
of which were very creditable in respect of quality. 
Kolsva exhibited iron ores, pig iron, fractured 
blooms, rods, and a number of coils of wire, some of 
which were very fine. Kilafors exhibited pig and bar 
iron. Degerfors displayed ores, pig irons, bars tested 
to show freedom from cold and red shortness, boiler 
plate similarly tested, angle iron, and wire, Lesjéfors 
exhibited ores, pig, Bessemer ingots and bars, wire, 
and wire ropes. Uddeholm showed ores, pig iron, 
Bessemer and Martin ingots, iron and steel rods, 
wire, axles of Martin steel, and various implements 
of Bessemer steel, such as sledge hammers and rock 
drilling tools, and also some railway car springs. 
Upon the whole, the Swedish iron and steel exhibit 
was a model one. It was a very beautiful display; the 
teat pieces were of a character that proved at once to 
the expert that the tests must have been made in 
the manger represented ; and the completeness and 
consecutiveness of the exhibit were crowning fea- 
tures. It commenced with the raw materials, such as 
ores, fuels, and fluxes, and passed through exten- 
sive and systematic collections of incidental forms, 
culminating in the great variety of finished pro- 
ducts of every grade and temper, thus answering 
every question which the expert might ask. Takin 
into consideration the fact that Sweden is a small 
and somewhat remote country, and that no im- 
mediate profit can accrue from the exhibit, the 
utmost credit is reflected upon the manufacturers who 
participated in it, as also upon Professor Akerman, 
who arranged it in a manner at once scientific and 
artistic. e | number of drawings of blast 
furnaces and metallurgical apparatus in general, the 
valuable geological maps furnished by the Swedish 
Iron Board, the individual descriptive pamphlets 
and maps, in which the exact geographical position 
of each of the works was defined, all contributed to 
render the display an exceptionally interesting and 
instructive one. The metallurgical world cannot 
but consider the exhibit an important contribution 
to science as being completely exponential of the 
present state of the art of iron and steel manufac- 





workmanship, The toughness of the steel plates was 


further shown by samples folded under the hammer 


This map and its accompanying speeimens | } 


nels, Fin- | length 


regard the exhibit as a high complimentand a valuable 
addition to the Centennial Exhibition. 


Tue Iron Exaursit or Norway. 


This was somewhat limited in quantity, the only 
group of importance having been that of the 
Catherineholm Iron Works, of Fredrikshold. This 
striking and characteristic exhibit was in the form of 
the forward portion of an ancient ship, the deck and 
bow of the vessel being formed of plate iron, and the 
mast consisting of a collection of the various sized 
merchant bars arranged in a cylindrical shape. A 
bar of iron at the head of the mast forms the yard, 
and from its extremities depend iron chains. The 
shrouds are composed of four strands of cold twisted 
in, round iron, and the ratlins of bars of round 
iron of various sizes cold tied in knots in the middle, 
Some of those knots are very elaborate, consisting 
of two and even three distinct implications. At the 
bow are chain cables, and just forward of the mast 


is.a collection of pig iron, blooms, and various sizes 
OF bar iron, in the form of a deck cabin. 
POn a ‘orm at water line*is placed a row of 


"ast-iton conical shot, and or éich side of the vessel 
hfastened to the bulwarks ‘and rigging are shields of 
antique form, ornamented with handsmithed nails 
for house and shipbuilding, double-welded rivets of 

iron, and railway track spikes, A full 
figure of an officer in profile cut out of an 
iron plate stands upon the deck forward of the cabin, 
holding in his hand a club made of iron bars twisted 
and elaborately knotted at the larger end. 

Judging from the exhibit, the products of this 
establishment do not seek foreign markets, except 
where a very superior quality of iron is required, as 
most of the forms are such as in the present state 
of the art in Norway require the use of the hammer 
rather than more rapid machinery, and the nails and 
ikes shown are mostly wrought by hand. The 
absence of any heavy forgings or castings in the 
collection would indicate a limited range of pro- 
ducts. 

Despite the superior quality of Norway iron, as 
especially proved by this Catherineholm exhibit, the 
fact cannot be ignored that the highest grades of 
iron are being more and more rapidly superseded by 
the equally cheap and the still stronger and more 
homogeneous steels, 





THE REGULATION OF THE TIBER. 
Tue Commission appointed by the Italian Govern 
ment to investigate and report upon the regulation 
of the Tiber and the works connected therewith, 
was com d of eleven members, and was esta- 
blished in 1871. Their labours have recently come 
to a conclusion, and the reports prepared show that 
the Commission has bestowed considerable care to 
the subject entrusted to them. 
After long investigation, all the propositions sub- 
mitted to them were, with the exception of two, 
eliminated. 
The first of these, recommended by the President 
of the Commission, comprised the deviation and 
regulation of the bed of the river within and beyond 
the city, the execution of canals and aqueducts. The 
pede contemplated only the improvement of the 
river bed within the city, the erection of embank- 
ments, and the formation of sewers to receive the 
city sewage, and discharge it into the river, ata 
convenient place beyond the walls. To the report 
of the Commission, addressed to the snidalpdltty, 
was added the recommendation to have new studies 
repared, and a a yr to of opinion was in 
avour of restricting the work within the city. But 
here the matter remained for a considerable time. 
In 1875, however, General Garibaldi revived the 
project, and was the promoter of the law d on 
the 6th July, 1875, and of which the following is 
the text : 

Article I. All the works necessary for the protection of 
the city of Rome against the highest floods of the Tiber are 
declared of public utility. 

Article II. The sum of 20001. from the funds in charge of 
the Minister of Public Works is appropriated for the pur- 
pose of making the n studies and plans for the 
works, which must not ex in cost 2,400,0007. 

as oeeery B @art must — = oer ms > 

vernmen ore e or Counc 

of Public Works. oe tae ! Re 

Article III. A portion of the cost must be borne by those 
landowners and proprietors whose property will be improved 
or protected by the new works, and all owners of property 
situated near the reclamation works will also have to pay a 
portion of the cost. 

The assessments, modes, and times of payment will be de- 





ture in Sweden ; the United States must certainly 





termined by a s law. 
Article LY. The outlay sanctioned in Article II. will be 
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borne one-half by the State, the other half—deducting the 
assessed taxes, provided for in Article III., and which are 

id by the municipal or local authorities—will be furnished 
by the city and the province of Rome, the former paying 
three-fourths and the latter one-fourth of the total amount. 

The expense incurred by the State shall under no con- 
ditions exceed the sum of 1,200,0001., the interest of which 
shall be employed to pay the interests of sums advanced, 
and also a part of the sinking fund to be provided. 

Article V. The works shall be carried out under State 
administration, and the rules prescribed by the general 
laws shall be followed. 

Article VI. The interest mentioned in Article IV. shall 
not be entered in the State Budget, unless it shall be other- 
wise determined by law. 

Article VII. An inspection committee composed of three 
members appointed by Government, of two chosen by the 
municipality, and of one by the province, shall watch the 
progress of the works. The r tions prescribing the 
function of this Commission will be approved by Royal 
decree. 

The Commission, in whose hands this matter was 
laced, examined and reported upon nineteen 
ifferent projects, and classified them as follows 

into four different groups : 

1. Improvements of that portion of the river 
flowing within the city, and the construction of 
locks and overflows at the mouths. of the principal 
confiuents of the Tiber. Approximate cost of this 
system 1,000,000/. 

2. The deviation of the Tiber outside the walls 
of Rome, by forming a new channel, leaving, how- 
ever, a certain quantity of water to run through a 
canal in the city with a given velocity. This was 
the proposition made by General Garibaldi (esti- 
mated cost 2,920,000), and afterwards modified by 
Amenduni, by Amadei, and some others, 

3. The construction of a relieving canal, through 
which the flood water would be discharged, and of 
Tiber regulation works from Sassi di San Giuliano 
to the basilica of San Paolo. The cost of these 
works was estimated at about 2,400,000/. 

4. The improvement of that part of the Tiber 
within the city, and the construction of embank- 
ments and sewers, already mentioned as having been 
proposed by the Commission of 1871. The estimate 
for this work is 1,300,0002. 

In the consideration of the merits of the various 
projects Signor Minghetti, the Italian Prime Mi- 
nister, had the advantage of the advice and assist- 
ance of Mr. John Fowler, C.E., who visited Rome 
for the purpose on his return from Egypt in the 
spring of last year. General Garibaldi was ex- 
tremely wedded to his magnificent project of divert- 
ing the Tiber outside Rome, and it required all Mr. 
Fowler’s authority and tact to convince him that 
the opposition of the Government to his projects 
was upon its merits only and from no political feel- 
ing. The approximate estimates prepared by Mr. 
Fowler when in Rome and the enced stthy which 
he gave the whole question clearly proved that the 
improvement of the Tiber within the city was the 
point to be aimed at. 

In a report dated November 25, 1875, the Com- 
mission recommended to the Superior Council the 
last-named plan, of which they had approved by a 
large majority. Upon receiving this report the 
Superior Council discussed the proposition of the 
Commission with the following results: The pro- 
jects included in the first and second groups were 
unanimously rejected, and the last-named project 
was approved by a large majority. The action of 
the Government did not help to this conclusion. On 
the contrary, the Director-General of Rivers sub- 
mitted a project of a different nature, and the 
Minister of Public Works, at the same time, prepared 
plans for the deviation of the Tiber. 

In their report to the Superior Council, the Com- 
mission point out that they were supported in their 
conclusions by the law of 1875, which limited the 
outlay to 2,400,0007. 

The Minister of Public Works, in order to obtain 
some precise data and estimates for the deviation 
scheme of General Garibaldi, appointed Cavaliere 
Amenduni, a well-known Italian engineer, to inves- 
tigate and report upon the project, His surveys in- 
cluded the extent between the Villa Spada, above 
Rome, and the basilica of San Paolo below the city, 
at which point the deviation ends, and the waters 
return to their natural channel, it being a part of the 
scheme that a canal of sufficient capacity should still 
run through Rome, being supplied by the Tiber, and 
that the canal should receive and remove the sewage 
of the city. These works, according to Amenduni, 
would cost, for the canal, 2,480,000/., and for the 
diversion 3,360,000. 

Similar conclusions have been arrived at by inde- 
pendent examiners, by the engineer Louis Amadei, 





by Professor Filopanti, and by Signor does 
Giustiniani, in a pamphlet published last July. In 
his investigation, Professor Filopanti records details 
of the various floods which exceeded that of 1870 
in their extent, and in the amount of damage re- 
sulting from them, and he contends that Rome would 
not be secure if the flood of 1870 were taken as the 
maximum to be dealt with. The subjoined diagram 
shows the various flood levels as recorded since 1598, 
and from this diagram it will be seen only four 
floods of greater intensity than that of 1870 have 
occurred since 1530, the highest having taken place 
in December, 1598, when the river reached a height 
of 6] ft. above mean sealevel Butas there is reason 
to suppose that the exceptional height of the 1598 
flood was due to a fallen bridge damming up the 
stream, his fears would seem somewhat groundless. 
Both Signor Amadei and Professor Filopanti ques- 
tioned the efficiency as well as the strength of the 
river walls and other works accepted by the Royal 
Technical Commission of 1871, and they both argued 
strongly in favour of a deviation of the stream with- 
out the city. 
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After many meetings to discuss the subject, the 
Superior Council of Public Works met finally on 
the 27th of January last, having finally decided upon 
the nature of the works recommended by them. 
The vote was also passed at this time for carrying 
out other improvements that may be found necessary 
to further protect the city from flood. The follow- 
ing is an abstract of their resolution. 

Earthworks should be constructed along the 
course of the river to receive the flood waters, and 
prevent inundations outside the city. Within the 
city, quay walls would be built on each side, the 
height of these being already determined by the 
level of the Lungo-Tevere road. 

The width of the new river bed should be 328 ft. 
This width is sufficient to carry off the flood waters, 
and should be maintained nearly tothe Civita Vecchia 
railway bridge. The construction of the work 
should for the most part follow the drawings pre- 
pared by Signor Vescovali, which have received the 
special approval of the Commission. At the Tiberina 
Island it would be immaterial whether one branch 
of the river be suppressed, as Signor Canevari has 
suggested, or maintained as proposed by Vescovali, 
as when the works are completed the water area 
will be amply sufficient, escovali’s scheme has 
been selected as requiring less outlay, and effecting 
an improvement almost equal to that of Canevari. 
Vescovali’s project is also recommended for im- 
proving the river bed at Tiberina Island, with the 
modification that the right branch should be widened 
by 32 ft., so that the total width may be 424 ft. 
instead of 392 ft. as proposed. 

Canevari recommends the enlargement of one 
arch of the St. Angelo bridge. Vescovali, however, 
considers this unnecessary, as from his own ob- 
servations he concludes that this bridge causes no 








backing up of the water during periods of flood, and 
this statement is confirmed by other observations, 
which show also that the other bridges do cause a 
marked retention of the flood water. But the 
Council points out that this fact does not prove 
the waterway of the St. Angelo bridge to be suffi- 
cient, because in periods of flood the water finds its 
own course through the streets, and the backing up 
of the water by the bridge would at once become 
evident, when the river is enlarged and all the flood 
water passed through it; the waterway of the 
bridge is indeed only one-half as large as necessary, 
and, therefore, not only one arch, as according to 
Canevari, should be enlarged, but a second, on the 
opposite side, should also be increased. As regards 
the Rotto bridge, the obstruction it offers is so great 
that jit should be destroyed. Of the two bridges— 
Cestio and Fabricio—at the Tiberina Island, the 
most ancient and valued of these could be retained, 
and the other removed, as proposed by Canevari. 
The Sisto bridge may also be aww: Me the river 
bed on each side and under the arches being 
cleared of the stones and rubbish that have accumu- 
lated there. But there would, unless alterations in 
it be made, be always aretention of the flood water, 
as the waterway is only 68 per cent. of the required 
amount, Unless means could, therefore, be devised 
of satisfactorily increasing this waterway, the bridge 
should be replaced by another, and this change may 
be effected without regret, as the work is not a 
Roman relic. With regard to the construction of 
new bridges, the views of the municipality should 
be ascertained, as regards the best location for 
traffic, &c. The only stipulation to be made being 
that ample waterway must be provided, and to this 
end iron structures would be preferable. 

The clearing and levelling of the bed of the Tiber 
within the city must be executed thoroughly, and 
for the whole width between the embankment walls, 
and the slope should be a regular one of 1 in 2500, 
starting at Ripetta to the Porta Portese, where it 
falls to zero. Above Ripetta the bed may be hori- 
zontal, and assimilated to the actual bottom, and 
below Porta Portese the channel should be simpl 
enlarged and levelled. For this part of the wor 
the suggestion of Signor Mati may be followed. 

With regard to the new sewers it is recom- 
mended, as a general principle, that they should be 
constructed before, and quite independent of the 
embankment walls, in order to intercept the spring 
water which now flows into the Tiber. 

Below the city the earthwork on the river banks 
should be extended to the Basilica Ostiense. On 
the right bank but little work will be required, and 
this could be executed in masonry, provision being 
made for the temporary addition of timber sheet- 
ing, if any extraordinary flood should arise, and 
= to overflow the Ripa Grande and adjacent 

nd. 

The Council adds a few general suggestions as to 
the mode of carrying out the works, considering it 

referable that the sewers, the clearing, and 
evelling of the river bed, and the embankments 
above the city should be done at the same time, 
The embankment walls, and the Lungo-Tevere road, 
should not be carried to a higher level than the ad- 
jacent streets until the river bed has been enlarged 
and cleared, and the bridges removed or altered. 


NORTH LONSDALE IRON AND STEEL 

COMPANY’S WORKS, ULVERSTON. 

(Continued from page 464.) P 

Blast Heating Stoves.—Each furnace has eight 
blast heating stoves attached to it. These stoves 
are of the cast-iron pipe construction, and the 
general arrangement is clearly shown by Figs. 6, 7, 
and 8, on page 480. The stoves are set four in each 
row, the hot-blast main running between them and 
the cold-blast main at the back of each block, There 
are twelve pipes in each stove, giving a total area of 
9600 ft. of — 8 per furnace, The 
arrangement at the bottom where the combustion 
of the gas takes place will be readily understood ; 
the gas entering the combustion chamber at the 
bottom is met by the air from port-holes on one 
side; the admission of gas and air being regulated 
by valves outside. This arrangement is found to 
work bie ber gives Pe Passe yon Reon 
amongst the pipes. ort te is provided at 
one end, but it is only sennpteutiiy » used iter a pro- 
longed stoppage, say, for cleaning out purposes, at 
intervals of about twelve months, 

The dimensions of the cast-iron stove pipes are as 
follows: Height, 16 ft.; internal cross section, 
16 in. by 4 in. ; thickness of metal, 14 in, ; the weight 
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BOILERS AT THE NORTH LONSDALE IRON WORKS, ULVERSTON. 


MESSBRS. HOWSON AND WILSON, ENGINEERS. 
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Fig.a. 

















@ 
YAW, 


The —— of the setting of these boilers 
will be readily understood by reference to Figs. 9 
and 10, annexed, There is a combustion chamber 
at the front 7 ft. long, 4 ft. wide, and 5 ft. high; and 
the gas and air meet each other at right angles at 
the front end. Inthe after portion of the chamber a 
number of firebricks are piled in a similar way to those 
in a Siemens regenerator ; these are found to conduce 
materially to the uniform maintenance of the tem- 
perature and lar speed of evaporation. When 
a bell is lowered at one of the furnaces a momentary 
check is given to the supply of gas, and the mass of 
heated Loree then acts asa ee ere 
out its heat, e after ing ugh the 
flue return Mat 2 and ine ae sides to the 
a end, Tac cg they descend — on ween ans 
their exit being, if necessary, re y a hori- 
zontal damper as shown, worked from the front, A 
culvert is provided for the sludge pipe, and the sludge 
valve is placed low down out of the reach of the 
heat and worked as before named by a rod passin 

through a vertical Galloway tube from the top and 
down the sludge branch to the valve. 

The steam is led off to the 18 in, main steam pipe 
by a pipe bent to 4 ft. radius, which allows ample pro- 
vision for contraction and expansion. The branch 
from the gas main overh to each boiler is a 
wrought-iron tube 18 in. in diameter provided with 
a valve at the bottom worked by a chain coming 
down close to the circular grid air regulator, A 
short firegrate is provided for emergencies, and the 
ash-pit is fitted with cast-iron doors to prevent 
the entrance of air under usual conditions. A door 
is provided into the flue of each boiler at the back 
for cleaning out purposes. 

The boiler receives no support from brickwork, 
its entire weight being carried by two saddles, 
sph , ji : . See having two 1} in. bolts each, The weight of each 
P ere this quantity of air will be compressed into | high. The thickness of the plates is 7 in. through- | boiler is about 9 tons 15 cwt., and the area of the 
2 out 118,000 cubic feet. This then is the volume of | out, the joints being telescopic lap joints, and the | heating surface in each is about 680 square feet. The 
oan. required per ton of iron made, A make of about | rivets} in. in diameter placed at 2 in. pitch. The | evaporation in boilers like these set in the same 

; ane per week is equal to 1 ton in 25 minutes in | longitudinal seams are double rivetted, the dome is | manner with gas firing has been found to be at the 

be furnace, and as the total capacity within the | also secured to the shell by double rivetting. Each | rate of about 400 gallons per hour. 
z “- pipes and connecting boxes (corresponding to | boiler is provided with the following mountings : The main smoke flue leading to the chimney from 
: . efore-mentioned heating surface of 9600 square | One water gauge ; one Hopkinson’s ee | valve | the sixteen boilers, which it is intended eventually to 
_ the connecting boxes not, however, being | 4 in. in diameter (to blow off at low and high water put down, is 8 ft. wide by 6 ft. high. The chimney 
foll oned as heating surface) is 1328 cubic feet, it | as well as a standard pressure of steam) ; one 4 in. | js ]) ft. in diameter inside from top to bottom, and 
ollows that the time the air is in contact with the | ordinary safety valve; one sludge valve worked | 150 ft. high. The thicknesses of brickwork are as 
heating surface — 1328 x25 x 60_16 seconds from the top; one manhole one double check feed- | follows: Resting on a bed of concrete about 50 ft. 
118,000 —— : valve 2} in. in diameter; and one 5 in. steam stop | square and 7 ft, thick, the base of the brickwork 

Steam Boilers.—These are of the Cornish type, | Valve. These are secured to pipe blocks by bolts, | measures 38 ft. in diameter, and tapers to a thick- 
5 ft. 6 in. in diameter 35 ft. long, with one ue | the blocks being rivetted to the ell. There 18 ODE | ness of 3 ft. 6 in. thick all round at 16 ft. above the 
2 ft. Yin. in diameter, traversed by ten Galloway | Pressure gauge on the main steam pipe in sight ground line. The next 20 ft. has a thickness of 
tubes. There is a dome 3 ft. in diameter and 2 ft. 6 in, | from the front of the bvilers, 3ft. 1}in., the next 22 ft. 2 ft. 9in., the next 22 ft. 
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2 ft. 44in., the next 22 ft. 2ft., the next 22 ft. 
18} in., and the remaining 26 ft. to the top 14 in., 
finished off by a substantial and handsome stone 
coping 2 ft. thick, this coping measuring 17 ft, 9 in, 
ing relieved by a cornice 


in diameter over all, and 
underneath. 
(To be continued.) 





THE SMITHFIELD CLUB SHOW. 

Tue show of the Smithfield Club, held during the 
current week at the Agricultural Hall, is one which, 
regarded from an engineering point of view, cannot be 
said to possess any very special interest. Some novelties 
—and certain of them not of inconsiderable importance 
—are shown it is true; but as a rule the leading exhi- 
bitors are represented solely by engines or machines of 
their ordinary patterns, the state of trade at present not 
seeming to encourage the working out of new types. 
Under these circumstances our account of the Show will 
be a comparatively brief one, as it is of no interest to 
our readers that we should redescribe well-known 
arrangements or enlarge upon details of minor interest. 

Starting in the north-east corner of the Hall we find 
Messrs. J. Fowler and Co. occupying their usual position, 
and showing three engines besides some steam cultivating 
machinery. Theengines—a 14-horse and a 8-horse plough- 
ing engine, and a 6-horse agricultural locomotive—are of 
Messrs. Fowler’s regular types, already described by us, 
but we noticed about them several modifications of detail 
tending to ddd to the symmetry of appearance. The 
thoroughly good proportions and workmanship of these 
engines render them well worth special notice. The 
only novelty at Messrs. Fowler’s stand is the plough of 
which we give an engraving on page 485. This plough 
is intended for steam cultivation, and the notable feature 
in itis the admirably simple means provided for adjust- 
ing the widths of the furrows. The implement has the 
rigid frame which is so essential in steam cultivating im- 

lements, while the alteration of the width of the furrows 
8 effected by means of wedges, which throw the ploughs 
at different angles to the frames, as shown in detail by 
Figs. 8 and 4, page 485. The employment of wedges 
in this way does away with the necessity for bolts or 
screws, and makes a thoroughly rigid fastening, while at 
the same time every facility is afforded for adjusting the 
width of furrow very quickly. 

At the stand of Messrs. Clayton and Shuttleworth, who 
come next in order, the chief attraction of course is a 
beautifully finished horizontal engine. There is we be- 
lieve a popular superstition amongst agriculturists—if 
not, indeed, also amongst those who ought to know better 
—that Messrs. Clayton and Shuttleworth long ago made 
a “ show” engine which they send up to the Smithfield 
exhibition annually, and which they carefully stow away 
under lock and key for the rest of the year. It may 
therefore be worth stating that the firm have never ex- 
hibited the same engine twice, nor have they within our 
recollection exhibited two of these highly-finished engines 
of the same pattern. This year’s exhibit is fully equal to 
its predecessors in its high finish and neatness of detail, 
but its design includes no novelties requiring special de- 
scription. Amongst the other exhibits at Messrs, Clayton 
and Shuttleworth’s stand is a traction engine with an 

ent of steering gear differing from that usually 
adopted, the ordinary chains being replaced by a wrought- 
iron curved rack fixed by radius bars to the,fore axle, and 
ey into by a worm ona transverse shaft, this shaft 
ng operated from the footplate by an inclined shaft and 
bevel gear. We cannot say that we altogether like this 
arrangement, as the rack, from its rigid connexion with 
the fore axle, appears to us likely to suffer from the jolts 
experienced on rough roads, while the teeth expose but a 
small surface to resist wear. 

Next we have Mr. Charles Burrell, of Thetford, who 
shows a 6-horse traction engine fitted with a very neat 
arrangement of winding drum provided for enabling the 
engine ‘to haul itself out of a bad place or for similar 
work. Mr,.Burrell places this drum on the driving axle, 
combining it with the break sheave; and it can thus be 
driven by the ordinary gear of the engine, the driving 
wheels being for the time left free by withdrawing the 
pins through which they ordinarily receive their motion. 
The engine to which this arrangement of winding drum 
is fitted is of excellent design and workmanship. Ad- 
joining Mr. Burrell, we find the stands of Messrs Armi- 
tage and Ruston, and Mr. Allchin. both these makers 
showing engines of their ordinary patterns, while next 
comes Mr. Savage, of Lynn, who shows one of his plough- 
ing engines in which driving wheels also constitute the 
rope drums, We had occasion in our account of the 
Birmingham Show in July last to describe Mr. Savage’s 
plans and to speak favourably of them, and all we need 
say now, therefore, is that in the engine shown at the 
Agricultural Hall several improvements in detail have 
been made. At Messrs. Davey, Paxman, and Co.’s stand, 
which adjoins that of Mr. Savage, the novelty is a new 
and well-made type of vertical engine which Mr. Pax- 
man has lately designed. This engine resembles that 
which the firm brought out at the Taunton Show and 
which we illustrated on page 82 of our twentieth volume, 
but it is mounted on an independent bedplate apart from 





a boiler. The firm also show a portable and vertical 
engine of their well-known patterns. Messrs. J. and F. 
Howard are represented as far as engines are concerned, 
by one of their “ farmer’s engines,” but we did not notice 
that any alteratfons had been made im the design since 
we described and illustrated it. 

It will be remembered by some of our readers that 
last year Messrs. Aveling and Porter exhibited an 
8-horse ploughing engine with the boiler unlagged so as 
to show the workmanship. This year they again show 
an engine in a similar condition, and from it we see that 
they are now making their boilers with the longitudinal 
seams double rivetted, and are using butt joints for the 
circumferential seams. Messrs. Aveling and Porter use 
Tweddell’s hydraulic rivetter, and the boiler work is ex- 
cellent. We notice also that they have altered the mode of 
suspending their reversing links, and now suspend them 
from both sides—a decided improvement. Next come Mr. 
Dodman, of Lynn, Messrs. Eddington and Son, the 
Beverley Iron Company, and Messrs. Ransomes, Sims, and 
Head, all showing engines of their regular types, while at 
the stand of Messrs. E. R. and F. Turner, of Ipswich, the 
neat little vertical engiue which we described on 
page 466 of ourlast number, makes its first appearance 
at a Smithfield Show. Messrs. Woods, Cocksedge, and 
Warner, who adjoin Messrs. Turner, also adhere to their 
regular types of engine: 

Messrs. Ruston, Proctor, and Co., of Lincoln, are the 
exhibitors amongst other things of two engines demanding 
special notice. The first of these is a beautifully finished 
horizontal engine having a very light bedplate, the chief 
strains due to the working of the engine being resisted 
chiefly by wrought-iron tie bars extending direct from 
the cylinder to the crankshaft plummer blocks. There 
are many very neat details about this engine, and the 
design has evidently been carefully worked out. The 
second engine above referred to is an agricultural loco- 
motive having several new features; but inasmuch as we 
propose to illustrate the engine shortly, we need only 
refer briefly to it here. The bearings for the crankshaft, 
countershaft, and driving axle are carried by two plates, 
one on each side of the engine, these plates being stayed, 
and the crankshaft bearings being connected to the 
cylinder by Messrs. Ruston’s well-known tubular ex- 
panding stays. Steam is taken from either the front or 
back of the boiler, according to whether the engine is 
ascending or descending a hill, automatic valves being 
fitted to the ends of the internal steam pipe, and opening 
whichever end happens to be highest. The reversing 
lever, also, is fitted with a catch actuated by a treadle in- 
stead of the usual catch lever. The governors are of the 
Porter type, but the weight is kept below the top bearing 
of the governor spindle, the upper part of the governor 
being thus kept light, so that there is less tendency to 
vibration. There are other neat details about the engine, 
of which we shall have more to say hereafter when we 
publish illustrations. Adjoining Messrs. Ruston, Proctor, 
and Co. is the stand of Messrs. Tangye, who show 
examples of their well-known engine, and also of the neat 
three-cylinder engine of Mr. Willans, while next them 
come the Reading Iron Works Company, who show 
amongst other things some neat vertical engines with the 
“ nozzle” boiler, of which we have already spoken favour- 
ably. 

Next come Messrs. Marshall, Sons, and Co., of Gains- 
borough, at whose stand the chief novelty is the traction 
engine of which we gave an engraving and description on 
pages 463 and 468 of our last number, and which we need 
not therefore re-describe here. We may say, however, 
that the workmanship of the engine is excellent, and that 
the whole looks a thoroughly good job. Messrs. Marshall 
also show a horizontal engine fitted with Mr. Hartnell’s 
neat arrangement of expansion gear controlled by the 
governor, of which we gave full particulars on page 474 
of our last number. 

Following Messrs. Marshall come Messrs. Brown and 
May, who show an engine fitted. with their steam blast 
tube cleaner, which they brought out at the Birmingham 
Show last summer, this apparatus consisting of a power- 
ful steam jet, which is turned on for an instant when the 
tubes are to be cleaned, and which by the sharp draught 
it creates draws the ashes, &c., from the tubes into the 
smokebox. 

At the stand of Messrs. Robey and Co., of Lincoln, is 
shown a beautifully finished little horizontal engine 
made by the apprentices of the firm, this engine not 
being marked by any novelty of detail, but being well 
worth notice for the extreme neatness of its design and 
excellence of its workmanship. Messrs. Robey also show, 
amongst other exhibits, one of their 6-horse agricultural 
locomotives of the type which they brought out at the 
Smithfield Show last year, and which we illustrated at 
the time (vide page 471 of our twentieth volume). Next 
come Messrs. Wallis and Steevens, who exhibit the engine 
we described last week (vide 467 ante), while follow- 
ing them come Messrs. Garrett and Sons, Messrs. 
Hornsby, Messrs. Barrow and Stewart, and Messrs. 
Tasker, all with engines of their ordinary patterns. 
Messrs, Garrett and Sons exhibits include one of their 
straw-burning engines. 

In the gallery West’s six-cylinder engine makes its first 
appearance at a Smithfield Show, it being exhibited by 

essrs. Plambeck and Darkin. We illustrated this 





engine on page 28 of our twentieth volume, but since our 
former notice some modifications have been 
made in some of the details, and these we shall describe 
on an early occasion. The engine is very compact, and 
runs with a very small percentage of frictional resistance. 
In the gallery, also, is Mr. Rigg’s engine with his variable 
expansion gear, of which we give an engraving and 
description on pages 476 and 483 of the present number, 
while amongst other engines possessing special features 
are the substantial looking vertical engines of Messrs. 
Hempstead and Co., and the neat horizontal engines of 
Mr. Hett, Messrs. Waygood and Co., and the General 
Engine and Boiler Company, all of which have already 
been described in our columns. 

Scarcely any novelties in design present themselves 
at the Smithfield Show among the agricultural imple- 
ments and miscellaneous exhibits, although there are 
many modifications and improvements in detail of more 
or less importance, and to the chief of which we may call 
attention. Messrs. Ransomes, Sims, and Head, among 
a number of ploughs, show a three-furrow plough of a 
pattern not much used in this country, but finding great 
favour in France, and other places on the Continent 
where labour is scarce. With it eight horses or oxen 
and twomen can do about the same amount of work as 
three single-furrow ploughs and teams. The frame carry- 
ing the shares can be raised and lowered by means of a 
lever, the travel of which can be regulated by means of 
an adjustable stop on an arc; by changing the position 
of this stop the work can be regulated, and when tra- 
velling or on reaching the headland, the plough is raised 
clear of the ground and carried upon the wheels. We 
shall publish drawings of this plough shortly. 

A neat combined manure distributor and broadcast 
sower is shown by R. Willacy, of The Priory, Preston. 
Either the former or the latter implement can be adapted 
to the same frame. In one form a slow motion is given 
to one of the wheels to a shaft driving an endless band 
or apron extending the whole width of the frame and from 
end to end, the other extremity of the apron passing 
around a second shaft. The other wheel of the machine 
gives a rapid motion by means of a pitched chain to the 
upper of two horizontal shafts carrying a number of bars 
and radial tines, a second shaft immediately below being 
driven by gearing from the first, and having mounted 
on itasimilar drum. The fertiliser is thrown upon the 
travelling apron, and when the implement is put in motion 
the manure is brought forward to the revolving distri- 
butors, and scattered over the ground, or instead of the 
horizontal drums, a pair of discs running on vertical 
spindles are placed beneath the rear end of the apron so 
that the manure may fall into them. These discs are 
divided into compartments by a number of radial ribs, and 
they are driven at a high speed from one of the carrying 
wheels of the implement by suitable gearing. By this 
arrangement the fertiliser is scattered uniformly over 
a width of 12 yards. The sower has a similar arrange- 
ment for distributing, of horizontal and rapidly revolving 
discs, but the seed is put into a hopper and fed on to the 
discs by means of a shaker; or the manure spreader 
can be used for sowing by placing the seed upon the 
travelling apron. A pair of revolving crushers is placed 
under the tail of the apron to reduce any lumps of manure 
that are too large for distribution. 

Messrs. Vipan and Hedley, of Leicester, show two neat 
additions to the hoe they exhibit, consisting of ridging 
bodies and potato lifters, either of which can be sub- 
stituted for the regular tines upon the tine bars. 

In horse rakes Messrs. Ransomes, Sims, and Head have 
introduced a small novelty of detail consisting of a treadle 
actuated by the foot of the driver from the seat, and which 
when depressed moves a finger that raises the locking 
lever of the rake ; the latter may also be raised by hand, 
or the foot of the driver can be used to hold it down firmly 
in position when going over bad ground if there is any 
tendency to throw out the locking gear. Mr. C. Loader, 
of Shepton Mallet, exhibits his haymaking and harvesting 
machine, which has however been seen at other shows. 
It consists of a four-wheeled carriage, in which is set an 
inclined frame, the top of which is about 12 ft. from the 
ground, A web or apron is stretched between the sides 
of this frame, and at the top and bottom are two shafts, 
the lower one driven by gearing from the carrying wheels. 
Bars carrying tines are placed at intervals upon an endless 
pitched chain, which is caused to travel from the motion 
given to the shafts, and in passing over the ground the 
hay is carried up to the top of the frame, and allowed to 
drop on the other side, the object being to expose it as 
much as possible to the sun and air; or the hay may be 
loaded direct into a waggon attached to the rear of the 
haymaker. 

Of mowers and harvesters there are exhibited’ about 
the average number by the usual manufacturers, but 
there’are very few points attracting attention. Messrs. 
Howard, of Bedford, have shifted the position of the main 
vertical shaft somewhat, and lowered the path around 
which the rakes turn, reducing the sweep of the latter 
and giving somewhat more room for the driver. Messrs. 
Walter A. Wood show several examples of their work, in- 
cluding a mower, harvester, and combined machines, the 
two former of which are magnificent specimens of work, 
and were shown at the Philadelphia Exhibition. The 
William Anson Wood Company also exhibit some machines. 
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On page 24 of our twentieth volume will be found a detailed 
description and illustration of this machine, which con- 
tinues to maintain its position as a thoroughly good and 
reliable implement. In the one exhibited one or two trifling 
modifications are found, the principal one being that the 
rollers at the heels of the revolving arms are adjustable, 
so that by shifting them into one or other of two positions 
the arms can be employed as rakes or as beaters at 
pleasure. This adjustment is made before entering the 
field, the further adjustment being retained in an im- 
proved form of throwing any of arms in or out of 
work while cutting. We shall probably publish drawings 
of these modifications atan early date. The Buckeye 
mower and reaper are also shown, but no modification is 
made in the standard patterns, which have been adopted 
for some time by the makers of these machines. Some- 
what of a novelty is the MeCormick harvester, a machine 
well known and largely used, in the United States. It is 
fitted with a self-delivery, consisting of travelling endless 
webs rising from the platform, upon which the grain is 
thrown by the knives. The travel of the web lifts the 
grain up to the top of the machine between two rollers, 
and delivers it upon a table used for binding into sheaves. 
Upon the machine exhibited, however, a novel and 
extremely ingenions automatic binder is attached, the 
arrangement of which we shall describe in detail when 
we publish illustrations of it. Generally it consists of 
two arms which open to embrace the grain as it is 
delivered, and closes when sufficient is thrown out to 
form a sheaf ; two binding wires are then used to tie 
up the sheaf, and are afterwards cut, the whole ap- 
paratus travelling to and fro to receive the grain and 
deliver the sheaves. The arrangement is extremely 
ingenious, but cannot be described without the aid of 
drawings. 

Messrs. Perkins, Paternoster, and Burlinghame, of 
Hitchin, show a model of a neatly arranged folding 
stacking machine, combined with horse gear. It is 
carried on a strong four-wheeled frame, and the elevator 
is hinged at each end of the frame. At both ends 
gearing is attached turned by hand, by which a chain or 
steel rope is wound around a pulley attached to each set 
of gearing, and the hinged supports carrying the elevator 
are raised into a vertical position, and take by means of 
angle brackets a firmer hold upon the frame. The end- 
less chain carrying the tine bars is driven by the horse 
gear in the usual manner. 

All the well-known makers exhibit thrashing ma- 
chines of their respective types, with but few modifica- 
tions except in detail. Messrs. Marshall, Sons, and Co., 
of Gainsborough, apply aneat cleaning arrangement to 
the adjustable Rainforth screen, consisting of a spiral 
plate mounted on a horizontal spindle, so that each blade 
of the spiral enters a space between the wires. If the 
screen be closed or open the spiral follows the pitch 
given to it. Somewhat similar is the cleaner fitted to 
several of the thrashing machines of other makers, where 
fixed screens are employed, so that there is no occasion 
to provide for adjustment. Itconsists simply of a number 
of thin dises mounted on a spindle and pitched at the 
distance corresponding to the spaces between the wires. 
This arrangement would seem to be open to the objec- 
tion of wearing the longitudinal binding wires of the 
screen, an objection which, of course, does not hold good 
of the continuous wire Rainforth screen. Still better is 
the method (not new) fitted on Clayton and Shuttle- 
worth’s thrashing machine, in which the screen is formed 
of triangular wire, placed with the base of the triangle 
outwards, so that any particles forced outwards are only 
held against the edges of the wires, and are dislodged 
by a mere touch from a brush placed on the outside of 
the sereen. Messrs. Nalder and Nalder, of Wantage, 
usually show a few minor novelties in their excellently 
built thrashing machines. This year their alterations are 
confined chiefly to giving increased facilities for getting 
at the various internal parts of the machine for ojling 
and cleaning, and to small improvements in the way of 
finish, such as in hinges, castings, &c. Their mode of 
placing the body on the fore carriage is worthy of notice. 
It consists of a circular recessed casting bolted to the 
underside of the body frame, and sitting upon an iron 
ring bolted to the fore carriage. Messrs. Nalder and 
Nalder have also added a brake in which the pressure 
when it is in operation is thrown upon the main axle 
casting instead of on the side framing. The brake 
handle is detached when the machine is at work. Messrs. 
Carter Brothers, of London, exhibit an ingenious corn 
screen for separating grain of various shapes and sizes, 
It consists of a long inclined tray with a bottom made 
of perforated zinc, formed with corrugations running 
down the whole length of the tray at intervals. <A rapid 
oscillating transverse motion, is given to this tray by 
means of a cam, and the mixed grain fed from the top 
passes down the tray, The violent agitation produced 
causes the long and short grains to pass through the holes 
in the corrugations, down which they fall and are collected 
at the bottom. Very good samples of work are done by 
this machine. Finally, we may mention Lewis and 
Son’s sack lifter, to which a hinged bracket has been 
added for suspending the empty saek upon, and holding 
it distended whilst being filled. The bracket can then 
be thrown back out of the way and the sack lifted by 
the small windlass in the ordinary manner. 


RIGG’S HORIZONTAL ENGINE, 

THE engineof which we this week give an illustration on 
page 477, and which is exhibited at the Smithfield Show 
by Mr. Arthur Rigg, of 1, Fenchurch-steeet, has been 
designed with two principal objects in view. The first 
of these is to expand steam to a considerable extent, and 
to regulate its quantity by a governor in accordance 
with the pressure available, and amount of work or re- 
sistance to motion. The second object is to run at as 
high speed as can be done with safety or convenience, 
and so get all the power which such an engine is capable 
of producing. In the attainment of these ends, simplicity 
of construction has been held of paramount importance, 
and the engine illustrated is the result of carrying these 
views into practice. 

The diameter of cylinder is 8 in., and stroke 12 in.; 
thus at a speed of 220 revolutions per minute, the piston 
travels at 440 ft. per minute, and the indicated horse 
power is 40 at an average pressure of 60 lb, per square 
inch in the cylinder. 
above the atmosphere, this necessitates cutting off at 
about half-stroke, provided there is no condenser, and 
this is the utmost amount of steap: permitted to enter by 
the arrangement of valves employed, These valves are 
a slide and expansion valve, the latter cutting off steam at 
varying distances, according to the stroke of a separate 
eccentric driving it. This stroke is placed under the 
control of Mr. Rigg’s patent governor, constructed upon 
the same principles as described by us in a notice of one 
of Mr. Rigg’s former engines on page 239 of our seven- 
teenth volume. Varying the rates of expansion by direct 
action the eccentric seems to combine all elements of 
simplicity and directness, and such an arrangement as 
given above involves the use of but few parts. 

The cylinder is overhung in the well-known manner 
which originated in the prolifie ideas of American engi- 
neers, and which has been so largely adopted for small 
enginesas to give most emphatic testimony to its merits 
as a method of construction. This plan affords very many 
conveniences to the designer, and isone of those rare 
cases where a cheaper form of construction possesses 
special merits. Two self-acting valves underneath the 
cylinder connect a passage with one central valve cock, 
and through this all waste water from valve-box, cylinder, 
and steam jacket can flow away either in a constant 
stream when the valve is left slightly open, or else a 
connexion may be made to a special self-acting water 
discharge valve. 

The piston, rod,:and motion block present no special 
feature, except their unusual strength for an engine of so 
small 4 size. The slipper guide is long, and provided 
with ample bearing surface, and as the engine is intended 
to run in such a direction that pressure is always down- 
ward, there is no} difficulty about lubrication; and the 
upper adjusting slips are more of a precautionary 
measure than a necessity. The motion block isprovided 
with cotton wick Yubricator and adjustments for its 
brasses. The connec rod is forked where it clasps 
the motion block, and 
its large end. The crank-pin is reduced in diameter at 
each end of the bearing “instead of being enlarged as 
usual, the brasses thus having internal collars at the ends 
of the bearing so as to retain the oil. This construction 
is adopted in consideration of the highspeed at which 
this engine is designed to run, and thé source of supply 
of lubricant is a hollow space within the crank-pin, from 
which oil passes between the surfaces through the inter- 
vention of an ordinary tube and cotton wick. 

The balanced crank is adopted to prevent undue hori- 
zontal vibration, and to render vertical all the strains due 
to momentum of the moving parts, se. that they can be re- 
sisted by the foundation bolts, and for this purpose an 
extra bolt is provided immediately behind the crank 
pedestal. The brasses are circular in section, and pre- 
vented from turning round by the pedestal bolts, which 
are arranged to fix the lower brass; and the upper brass 
is loose altogether.¢ The eccentries are both put on in 
halves, and the slides upon which the expansion eccentric 
works are constructed upon a square, which is forged upon 
the shaft itself. The shaft, flywheel, and back pedestal are 
of the usual construction, rather large for an engine of this 
size, but so made to prevent undue wear, and assist in 
securing steady driving for the high power at which this 
small engine is intended to work. These various arrange- 
ments combine to produce an engine of extremely simple 
appearance ; itissteady and very substantial in all its parts, 
and seems well able to work at the high rate of speed and 
high pressure which it is intended toendure, 





CoAL ON THE BALTIMORE AND Ou10—The coal traffic 
of the main stem of the Baltimore and Ohio Railroad in the 
year ending September 30, 1876, amounted to 1,187,289 tons. 
Of this total 1,115,813 tons were delivered in Baltimore. 


BrisBane Bar —This bar is being cut through. Three 
sandbanks are being cut away ; when this is accom- 
plished, the channel will be straightened and pri ly 
widened also. A new dredge named the Groper will be put 
upon the work, as soon as the hopper barges are ready ; and 
in the course of about twelve months there will probably be 





a direct course through the cutting. Three lights have 
been imported, and these lights are to be so placed that 
vessels coming up the bay will be able to sail or steam 





right into the river without incurring the slightest risk. 





For an initial pressure of 80 1b./ 


e after’ the marine pattern at}, 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Eckington Gas Works Company.—At the annual 
eral meeting of the shareholders of this company on 
riday evening, a prosperous balance-sheet was presented, 
and a dividend of 64 per cent. declared. 


Serious Colliery Accidents near Wakefield.—On Friday 
afternoon last, a couple of serious accidents happened at 
the pit of the Leeds and Yorkshire co-operative Coal Mining 
Company at Lofthouse, near Wakefield. Four sinkers were 
being drawn up the shaft in an iron tank, when by some 
unexplained means the engine was not stopped at the proper 
eecrare, and the tank was consequently drawn up beyond 

e landing stage and was upset. Two of the men were 
thrown out head foremost, one of them named Fox being 
precipitated down the shaft and killed instantly ; the other 
escaped lightly. Later the same day, owing tothe stop 
of the ventilating fan, an explosion of gas occurred, which 
damaged the head gearing and threw a heavy iron ‘‘ bogie”’ 
sixty yards- 


_ The Parkgate Iron Company (Limited).—Last Friday 
/@ circular was issued to the shareholders in the Parkgate 
Tron Company (Limited), stating that, owning to the con- 
tinued depression of the iron trade, the directors were not 
able to declare an intermin dividend, although the business 
of the. company is in a sound and healthy condition. The 
circular further stated that two of the blast furnaces out 
of a total of six are now at work. 


The Shipley and Guiseley New Railway.—This new 
line of railway, worked by the Midland nina was 
opened for trafficon Monday. There are eight trains in 
either direction. At present there is no mention made of 
working through traffic by Arthington by an arrangement 
with the North-Eastern Company. 


End of the Belper Nail Makers’ Strike.—The strike of the 
Dy ’? common nail makers of Belper has come to an end, 
by the employers withdrawing their notices for a reduction 
of threepence per stone. 


The Heeley Railway Accident.—It is stated that since 
the accident which occurred to the down Scotch mail at 
Heeley, on the morning of November 22nd, the Midland 
managers have issued instructions to drivers ordering them 
to slacken speed in running their trains down the gradient 
from the Bradway tunnel to Sheffield. 


The Eyam Mining Company.—At the half-yearly 
meeting of the shareholders of this company held last week, 
the captain’s report stated that the Globe shaft had been 
driven 16 fathoms since May, and was now reaching better 
ore. Inthe New Engines mine the pumps put down last 
spring had cleared the water. A ventilating level had 

been opened out for a total length of 412 ft. A level 
in the Hucklow Edge vein had also been opened out 
70 aes *The a ty of water coming down the level 
past the shaft is pon Se xr minute, down the forefield 
in the Hucklow vein 40 minute, and about 40 
ms minute from north-easterly vein. A crusher 
lately been fixed to the capstan engine, but work in the 
had. recently been delayed by the winding engine 
cylinder falling out of repair. 











NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday the attendance 
on ’Change at Middlesbrough was rather r, but busi- 
ness was no brisker. No 3 Cleveland pig iron was quoted 
46s. 6d. per ton, and some makers refused to dispose of 
parcels at a less figure. Keen buyers however declare that 
they can place orders at 6d. per ton below the quotations. 


The Cleveland Ironmasters’ Association Retwrns.—The 
returns of the Cleveland Ironmasters’ Association, showing 
the make and disposal of pig iron during the month of 
November, have just been issued. From these it appears 
that of 162 blast furnaces there are 110 in operation, 52 
being idle. The Consett Iron Company are building one new 
furnace. 

The Finished Iron Trade—Stagnation still characterises 
the iron rail trade of this district. Large works are stand- 
ing idle, and there is no prospect of their recommencing 
operations at an early date. In the mean time great loss is 
being sustained by manufacturers, and many hundreds of 
men are deprived of their usual means of obtaining a living. 

ineering and Shipbuilding.—Engineers and ship- 
walle sotto pei, is oad demand for cast- 
ings, and shipbuilding iron is in considerable request. On 
account of the deadness of the rail trade several firms are, 
as we have already stated, laying down plant for manufac- 
turing shipbuilding iron, and it is believed that brisk as 
shipbuilders are, the productive power will soon far exceed 
their requirements. 
The Prospects of Trade.—Opinions fas to the future of 
the North of England iron trade are various. Some 
desponding prophets say that the iron rail trade is done, 
an that unless the Cleveland makers can discover some 
means of making a cheap steel rail, this hitherto t 
industry will never be revived. There are others who thi 


that next year, su’ that England is not mixed up in 
war, business will ibe good and that in spite of all that has 
been said about rails, the Cleveland manufacturers 


will obtain a fair share of work. In any case it is difficult 
to imagine that the condition of things can be worse than 
they have been this year. 








INTERCOLONIAL RAILWAY.— have been invited 
for the construction of « deep water terminus for the In- 





tercolonial Railway at St. John. 








ENGINEERING. 








SAULT’S SYPHON CONDENSER. 


CONSTRUCTED BY MR. R. H. MARSDEN, ENGINEER, LEEDS. 


(For Description, see opposite Page.) 
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GRAIN ELEVATOR AT Ch: 


DESIGNED FOR THE NORTHERN CENTRAL RAILROAD cogp 
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CANTON, MARYLAND, U.S.A. 
D cofpaNY, BY MR. W. B. REANY, ENGINEER, PHILADELPHIA. 
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FOUR-FURROW PLOUGH AT THE SMITHFIELD SHOW. 


CONSTRUCTED BY MESSRS. J. FOWLER AND COMPANY, ENGINEERS, LEEDS. 


(For Description, see Page 482.) 
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SAULT’S SYPHON CONDENSER. 

Tue firm of Mr. H. R. Marsden, of Leeds, has recently 
introduced a new form of syphon condenser for steam en- 
gines, sugar pans, distilleries, and other work where a 
vacuum is required, and which we illustrate on the oppo- 
site page. The condenser is placed at a level of 34 ft. above 
that of the water in the hot well. It consists of a close 
cast-iron chamber B divided into two parts by a perforated 
plate shown in section Figs. 1 and4. A vertical cold water 
supply pipe C passes up through the lower part of the 
condenser through the perforated plate, its opening being 
just above the level of the latter. The steam to be con- 
densed is taken up through the pipe A, immediately over 
the mouth of which, and suspended to the perforated 
plate, a deflecting bell is placed. The condensing water 
and condensed steam are led down to the hot well F by 
the small pipe EE contained in the large cast-iron 
casing shown in the drawing. The operation of the 
apparatus is as follows: When the exhaust steam passes 
up the pipe A it is distributed in the lower chamber of 
the condenser B, where it meets with the condensing 
water divided up by the holes in the perforated plate, 
and is carried off to the hot well down the pipes E E, by 
the short horizontal branches attached to the holes E E, 
the air flowing down the same tubes at 2, 2,2, by the 
induced current produced. The injection water may be 
delivered either by a pump or from a main, as most con- 
venient. When the former is employed the exhaust 
steam may be turned into the condenser. This form of 
condenser, which has been already adopted extensively, 
appears to possess several distinct advantages. It is simple 
and cheap in its construction and working, it contains no 
valves nor other parts liable to wear or become out of 
order, and is certain and always prompt in its action. 


THE CANTON ELEVATOR. 

Tue Canton elevator is owned by the Northern Central 
Railway and is located at Canton, adjoining the City of 
Baltimore, Maryland. This line is leased by the Penn- 
sylvania Railway Company. A pier 100 ft. in width ex- 
tends 500 ft. from low-water line into the bay; upon the 
outer end of this is located the elevator building. Ample 
facilities for discharging ballast are being provided. 
The depth of water at low tide is not less than 26 ft., and 
the extreme variation between high and low water is 
2 ft.6 in. Almost directly across the bay, at Locust Point, 
are Igcated the two elevators of the Baltimore and Ohio 
Ra Company, and a short distance below this elevator 
are located the extensive coal-shipping piers of this 
Northern Central Railway Company. The construction 
of the foundation was begun in November of last year, 
the contract for superstructure and machinery was made 
in December, and the elevator was in full operation about 
the middle of September last. The foundation is of piling 
60 ft. long, spaced about 2 ft. from centre to centre, and 
cut off 3 ft, under extreme low water; around these piles 





























were driven two rows of sheet piling and the whole space 
filled with oyster shells and small stones. Upon the tops of 
the piles was laid a platform 151 ft. long and 85 ft. wide, 
formed of two thicknesses of 12 in. by 12 in. Georgia pine. 
This was of sawed timber laid close and well secured by 
rag bolts and locust treenails. Under the elevating ma- 
chines this platform was caulked with two threads of best 
oakum ; it was built in place and secured to the piling 
after being well loaded with masonry. After the masonry 
was in place the pier was completed, It formed a very 
heavy fender 8 ft. wide at each side and 15 ft. at the end 
of elevator.’ Two large freight sheds are located upon it 
about 100 ft. from the end of the elevator; upon the south 
side of pier, between elevator and one freight shed, is 
located the boiler house, the remaining space is occupied 
by trucks for grain cars. 

The drilling yard is at the end of the pier upon the main 
land. Upon the foundation platform are laid the masonry 
wall and 56 piers for supporting the superstructure. 
The stonework is rock faced with cut beds and joints, all 
laid in cement. The four piers surrounding each of the 
eight elevating machines are connected bya masonry wall, 
and the enclosed spaces fitted with plate-iron tanks 
forming water-tight chambers ; the depth of masonry is 
11 ft. 6in. A few inches below the top of masonry is the 
track floor, of heavy.yellow pine, closely fitted, and under 











this are the track stringers and floor beams of wood, 
supported by heavy wrought-iron beams resting upon 
the masonry, , : 

The dimensions of superstructure are as follows : 


ft. in. 

jon from outside to outside of posts... 142 11 

be! from outside to outside of posts at 0 
Width from outside to outside of posts on 

my floor ... i a es 4 8 
eight from masonry p of main 

rafters at centre... Ay pan ooo. dan...6 
Height from masonry to under side of 

grain bins in clear aad ~ bee 19 & 

Thence to top of grain bins ss eoe 62 4 

$9 under side of next floor beam 25 0 

2 top of wall plate ud oe 21 8 

9 » Mainrafter ... Silke, nc el 

Ventilating top upon main roof adds ... 6 0 


There are 144 rectangular grain bins for storage of 
grain ; one is used for piping and one for a hoisting pit, 
leaving 142 for use. One-half of the number measure 
7 ft. 44 in. by 7 ft. 6 in. by 60 ft. inside, and the remainder 
7 ft. 44 in. by 11 ft. 6 in. by 60 ft. inside, excepting where 
each elevating tube passes through the bins, in which 
case a partition is cut out, making a bin 15 ft. 3in. by 
7 ft. 6 in. by 60 ft. inside, The grain bins are supported 
by nine lines of oak posts, arranged as shown in the 
section on our two-page engraving. Each grain bin is 
fitted with inclined bottom, a valve for wing the 
grain, and a ladder for access to or from it. Six sets 
of bins (four in each set) are fitted with extra bottoms 
and an iron shipping spout, so as to form shipping bins. 
Above the bins are laid ays for convenience of 
attendants, beds for the shifting conveyors, and at the 
land end are located the engines for driving the works. 
The boilers are placed in an enclosure upon the pier, and 
about 60 ft. from the elevator. 

The weighing floor carries sixteen hoppers for weighing 
the grain, two cleaners, the shafting, rooms for the weigh 
master, oilers, &c. Within one year following completion 
the tops of bins will shrink and settle about 1ft.8in. It 
is the custom to support the weighing floor and roof from 
the tops of bins. As that method gives much trouble, 
this roof and weighing floor is supported entirely from 
the foundation of building by posta, which are strapped, 
but not confined to the corners of the bins. 

The posts are attached to the beams at bottom of the 
grain bins, and have cast-iron caps, which act as bases for 
the’posts that support the roof and weighing floor. As the 
bins settle, the straps slip down upon the posts without 
affecting the roof. All of the floors are well lighted and 
ventilated, and a ventilating top extends nearly the whole 
length of the building, and is fitted with adjustable 
windows. : 

The supporting posts under the grain bins and the 
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centre line under the weighing floor are of oak. The 
track stringers, beams under grain bins, and the flooring 
are of Georgia and the remainder are of Michigan white 
pine. The grain bins are of white pine 2 in. by 6in., 
excepting outside walls which are of 2in. by 8in. Every 
part of the wood in the whole building where exposed to 
view, and the bin materials, are planed all over. On the 
outside of the building, galvanised iron cornices are placed 
at the base of bins and at roof projections. The covering 
below the bases of bins is of corrugated iron; all of the 
remaining surface of building is covered with best quality 
of “peach bottom” slate. 

Right large freight doors are placed in the sides of the 
building at the track floor. In the lower story all doors and 
window shutters are of iron, and iron ventilating shutters 
are above the bins. Two sets of winding stairs of iron, 
enclosed in corrugated plates, give access from pier to top 
of bins, and two similar stairways connect the top of bins 
with weighing floor. A large fire pump connects with 
nozzles located on each floor, and fitted with all con- 
veniences for extinguishing fire. Chemical fire-extin- 
guishers, water tanks, buckets, and fire axes are also 
placed in racks especially provided and located at con- 
venient points upon each floor. Every precaution for 
protection against fire is taken, and in handling the 
grain it in no case comes in contact with any thing but 
iron. The leading dimensions are shown in the sections, 

Upon the outside of the building at the water end are four 
shipping spouts; five upon each side which communicate 
directly or through conveyors with elevator in the build- 
ing, and three shipping spouts from the shipping bin upon 
each side, making a total of twenty spouts to be used as 
may be found most convenient. 

Under the grain bins in each of the side sections is 
fitted a bagging car so arranged as to make it possible to 
bag grain in wet weather. The bags being full, are dis- 
charged through the side freight doors upon covered 
skids on to the ship’s deck. This car being on wheels 
it may be moved from bin to bin as required. 

(To be continued.) 








MULTIPLE CYLINDER ENGINES. 
To THE EDITOR OF ENGINEERING. 

S1rr,—I ask you to be kind enough to allow me to make 
a few remarks upon the letter in > ag journal of November 
24th last, headed ‘‘ Three-Cylinder Engines,’’ and signed 
**1000-Cylinder Motor,’’ and also upon a letter which ap- 

in your last week’s journal, headed ‘‘ Four-Cylinder 

ines,"’ and signed (not anonymously, as above, I am 

pleased to say, but in the true English straightforward 
way) by W. Payton, Brook Green. 

Son Sir, as to the merits of the several claims, and as 
to priority of the inventions of either a three or four. 
cylinder engine I am not prepared to enter into, nor, 
indéed, into any controversy whatever upon the subject, as 
no doubt time, knowledge, and facts will very soon put 
these in their proper order and pe. 

But what I desire to do, in these few lines, is to lift up 
my feeble voice against the bad tone, the uncourteous 

, and even the unworthy insinuations, thrown at 
a gentleman, and a sound mechanical engineer of ac- 
knowledged repute as Mr. Jeremiah Head undoubtedly is, 
in the letters above alluded to. 

Judged merely by his published papers (to say nothing of 
his high private worth) on various mechanical matters, and 
his bearing at discussions on the same, Mr. Head stands 
before the mechanical world as an enthusiastic promoter of 
all good and really progressive steps in practical advance- 
ment and useful experiments in mechanical science. A 
more courteous or gentlemanly member of the profession as 
a mechanical engineer is seldom met with, and one less 
likely, knowingly, to tread in other’s paths, or to infringe 
another’s rights, Ido not know. He is an honest seeker 
after truth, and always ready to give honour when and 
wherever it is due. 

T am convinced if the writers of the letters in question 
only knew a little more of him they would acknow- 
ledge at once their harsh treatment of him, and as 
** good men and true’’ retract the hard remarks they have 
made upon him. 

I beg, Sir, to offer the above remarks in the interest of 
fair discussion and truth, and with the hope that bitterness 
may be excluded from your otherwise invaluable journal. 


G. A. Brppe.u. 
Ipswich, December 6, 1876. 


To THE Eprror or ENGINEERING. 

Srr,—I notice in your issue of November 24th, a com- 
munication from ‘‘ 1000-Cylinder Motor,” and in that of 
December ist another from Mr. Payton, on “ Three 
Cylinder Engines versus Four Cylinder.’ After having 
perused them I took the trouble to obtain Mr. Head’s 
specification of his four-cylinder engine, and after going 
into the details, I cannot at all agree with either of your 
correspondents, for I consider that Mr. Head’s engine is far 
superior to that of Messrs. Brotherhood and Hardingham’s, 
and any one studying the specification in detail and with- 
out prejudice, must be convinced of its superiority. 

The advan claimed by Mr. Head are not so much 
for novelty of ign as for superiority of detail. In fact, 
his patent is an improvement in the multiple engine, and 
its advantages can be summed up in a few words : 





His e is an expansive one, Messrs. Brotherhood and 
Hardingham’s is prpeapenaive ; the former has always two 
cylinders in action, the latter has sometimes one and some- 


times two; Mr. Head’s engine has no dead ts in the 
crank ; the other has dead points, and with a full load, it is 





difficult to start it. In Mr. Head’s engine there is always 
a steady pressure on the crank, and this causes less wear 
and tear. 

If it were not that I should be intruding too much on 
your space, I would like to have gone more fully into the 
details of the case, but as I do not think myself justified in 
so doing, I will reserve it for less valuable columns. 

Before closing my communication, I must make one 
remark, viz., that it is a pity that whilst these matters are 

i i , people who write cannot do so without 
making le and —_— remarks against others 
who oppose their views. I 


mtlemen wri on these 
subjects would moderate their , it would not only 
be for others, but much more creditable to them- 
selves. 
Yours truly, 
Dock Hit. 


Dock Hill Engine Works, Middlesbrough-on-Tees, 
December 6, 1876. 

[Our correspondent is quite mistaken in supposing that 
Messrs. Brotherhood and Hardingham’s engines are ‘‘ non- 
expansive.”” As a fact they all work with a greater or less 

of expansion, and many of them are fitted with 
nt expansion valves controlled by the governor.— 
Ep. E. 








STEAM-JACKETTED CYLINDERS. 
To THE EpIToR oF ENGINEERING. 

Srr,—In your notice last week of the portable engine 
manufactured by Messrs. Wallis and Steevens, of Basing- 
stoke, it is stated that instead of casting the cylinder and 
jacket of the engine in one piece, ‘‘a liner of cast iron is 
inserted into the jacket ee or rather that the jacket 
and cylinder are manufactured in two separate pieces. 

You also remark that this is a system that has many 
practical advantages, and that you believe Messrs. Wallis 
and Steevens were the first to use iron bushes or liners in 
the cylinders of portable engines. 

Will you permit us to say that we were one of the first 
engineering firms to jacket the cylinders of portable engines 
aie enclose a tracing of the cylinder of our 10 horse power 
expansion engine which won the first prize at Paris in 1867, 
by which you will see that the cylinder jacket and liner are 
separate and fitted up in the way described in your article. 

e have made some hundreds of these engines since 
1867, but have not found that the system of separating the 
cylinder from the jacket has any very great i 
advantages, except when the cylinder casting is very 
intricate and difficult to mould. 

We are, yours truly, 
RANSOMES, Stms, AND HEAD. 
Ipswich, December 6, 1876. 

[Messrs. Ransomes, Sims, and Head have somewhat 
misread our last week’s notice. What we did say was: 
‘This mode of making steam-jacketted cylinders is con- 
sidered the makers of the engine under notice to have 
several advantages over those cast entire.’”’ Also we did 
not state that ‘‘ Messrs. Wallis and Steevens were the first 
to use iron bushes or liners in tae cylinders of portable 
engines,’ but that we believed they were the first to use 
this system of making steam jackets ‘‘ extensively.’’ 
Messrs. Ransomes, Sims, and Head have, however, estab- 
lished their claim for having used the plan largely some years 
ago.—Eb. E.] 








SOCIETY OF TELEGRAPH ENGINEERS. 

Tue first ordinary meeting of this Society, for the 
ensuing session 1876-77, was held at the Institution of Civil 
Engineers, in Great George-street, on the evening of the 
22nd ult., Mr. C. V. Walker, F.R.S., the President, in the 
chair. 

The adjourned discussion on Mr. Latimer Clark’s paper 
on ‘* Thermo-electric Batteries,’’ was resumed by the 
author, who took advantage of the opportunity to explain 
certain improvements which had been introduced in the 
manufacture of these batteries, since his paper was read, 
by Messrs. Cecil and Leonard Wray, Junrs. These improve- 
ments claimed an advantage over the form produced by M. 
Clamond ; 1, in the castings of the bars; 2, in the method 
of building up the batteries so as reduce the weight and 
strains upon the lower plates ; 3, in the heating arrange- 
ments; 4, in the regulation of the draught; and 5, in the 
arrangement of the coke furnace by which the bars could 
be removed without the withdrawal of the entire fire. 

With regard to the bars the alloy employed is the same, 
or nearly so, as that employed by Clamond, viz., for the 
negative metal, two parts of antimony to one of zinc, 
whilst for the positive sheet iron is used. Messrs. Wray 
overcame to a very great extent the brittleness, or rather 
the liability to break when touched, of the alloy, by 
elongating the tongue of the sheet iron, which is thus made 
to extend a distance of about twe-thirds of the entire length 
of the bar. The positive metal thus extended is p in 
a mould, in which the alloy is cast under pressure. The 
effect is to heighten the breaking strain, to increase the 
electro-motive force, and decrease the internal resistance. 
Hitherto the bars which compose the battery have been 
built up, one row ~ the another, by means of a paste or 
cement ; thus each successive row of bars or elements 
increased the weight of that beneath it, and from this cause 
the elements frequently became severed. Messrs. Wray 
meet this in a very judicious manner by giving to each row 
of elements an independent support. It is, however, in the 
beating ments that their improvements are most 
conspicuous. The power of this form of battery depends 
upon the subjection of the elements which compose it, at 
certain points, to temperatures of as opposite a character 
as possible ; thus one end of the bars has to be subjected to 
as intense a heat as they can sustain, and the other end to 
as intensely cold an atmosphere as can be produced. 
Various have been the means adopted to produce a pile 





which should stand the intense heat, and the action of the 

forming the products of combination of whatever is 
employed to heat the pile, but hitherto ti have been 
unsuccessful. Messrs. Wray pro to reduce, if not 
entirely to obviate, this by employing an earthenware 
cylinder between the bars of the pile and the chimney 
heated by the flame. By regulating the flow of air and the 
draught they are also able to keep under control the heati 
and cooling process, so as to make it more gradual an 
uniform. the whole the improvements suggested by 
Messrs. Wray are of a very practical character and are 
highly spoken of. 

A paper was also read by Mr. Andrew Jamieson on a 
new form of ‘ rs Protector” for submarine cables, 
&c. The idea, which has been very prettily perfected, has 
nothing electrically new in it, but it is nevertheless mecha- 
nically a vast improvement on the means at present adopted 
for the protection of cables, which has usually consisted of 
plate protectors, vacuum tubes, and very fine platinum 
wire. These are usually so arranged that the atmospheric 
charge entering from the open line wire shall pass through 
the plate protector first, then the small platinum wire, and 
finally through the vacuum. The’probability is that the in- 
tensity of the charge would be carried off at the first-named 
protector, but failing this, if of such power to do injury to the 
cable, it would so heat the fine platinum wire as to fuse it, 
and thus the line would become interrupted until an officer 
was sent to replace the melted wire, and as this is usually 
at the shore end of the cable, it not unfrequently occupies 
some time todo so. Mr. Jamieson connects his open wire 
to a corrugated barrel within a corrugated cylinder, the 
corrugations intersecting each other, and so forming 
innumerable points by which the intensity of the atmo- 
spheric c may be carried off. He then connects the 
barrel of what may be regarded—having reference to 
previous arrangements—the plate protector, to a spring 
which normally rests against a small pillar, and which is in 
connexion with another spring similarly arranged. Each 
of these springs is withheld from touching the pillar in 
question by a piece of fine platinum wire attached to its 
end, the other end of the piece of wire being connected with 
the cable. The result is that supposing a charge to have 
passed through the barrel, it will pass into tp ebanmeed 
piece of platinum wire, which it will fuse, and the tension 
of the spring having been thus removed it will fly back to its 
pillar of rest, and by this means bring into circuit the second 
piece of platinum wire. Thus thecable is saved from inter- 
—. and still protected, the lineman’s journey to the 
cable hut is saved, and if necessary the arrangement may 
be repeated ad libitum. The discussion was carried over 
for the next meeting. 








Russia Fortiryinc.—Some 5000 werkmen are stated 
to be employed in the construction of coast defences near 
Odessa. The fortification and armament of the ports of 
— Sebastopol, and Kertch are also being carried on 
actively. 





Gas In Paris.—The revenue of the Parisian Company 
for Lighting and Gas amounted in October to 180,1191., as 
com: with 171,325/. in October, 1875. The aggregate 
receipts of the company in the ten months ending October 
31 this year amounted to 1,389,9597., as compared with 
1,304,449/. in the corresponding period of 1875. 


Victorian Rariwars.—A railway to Beechworth was 
formally opened towards the close of September by His 
Excellency the Governor of Victoria, who was accompanied 
on his visit to the district by several members of the Vic- 
torian mini . This Beechworth line, which is 22} miles 
in length, branches off from the North-Eastern line at 
Wangaratta. The cost of construction was 45591. per mile. 
A line, which is on hand to Inglewood, has also beén opened 
for traffic as far as Bridgewater, a distance of 22 miles from 
Sandhurst, from which point the new line commences. The 
Colac Railway has been constructed nearly as far as Win- 
chelsea, to-which place it will shortly be ready for use. 
There are now about 650 miles of Government railways in 
operation in Victoria. 








New WorRKs ON THE BALTIMORE AND OnI0.—On the 
main stem of the Baltimore and Ohio Railroad, 595 miles of 
track are now laid with steel rails. An extensive hotel has 
been built at Oakland, and improvements and additional 
press y | have also been carried out at Riverside, 
Locust Point, Mount Clare, Mount Airy, Keyser, Grafton, 
Littleton, and other points on the main stem. The exten- 
sive additions and improvements effected at the docks and 
—_ at Locust Point were undertaken to meet the urgent 

emands of the rapidly increasing commerce of Baltimore, 
and especially to furnish the most effective accommodation 
for the steamers of large capacity which are being attracted 
to Baltimore by the economies, facilities, and advantages 
offered at the port. 





Tue Factory Acts in THe Iron Districts.— 
Frequent complaints have been made in regard to the in- 
adequate number of inspectors appointed to carry out the 
Factory Acts as enlarged by recent legislation. In,some 
districts, however, they seem to be applied with full vigour. 
At Sedgeley, in Staffordshire, eight nail manufac- 
turers were this week fined in sums amounting to about 
251. for cruelly and oppressively working children contrary 
to the provisions of the Factory Acts. Some of these chil- 
dren had been at work from ten to eleven hours per day in 
nail-making, and did not attend school. The magistrate 
strongly remarked on the conduct of the masters as tending 
to e the children worse than brutes. We are afraid 
that this is no solitary instance in the iron or other manu- 
factures, owing to the utter impossibility of detection 
through connivance of parents and the overwork of the in- 


spectors. 
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NOTICES OF MEETINGS. 


THE INSTITUTION or OIvVIL ENGINEERS.—Tuesday, December 
12th, at 8 p.m., continued discussion on “The lk Water 
System,” and time permitting, the following paper will be read, 
“On the Testing of Portland Cement,” by Mr, I. J, Mann. 
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THE BOARD OF TRADE. 

WE recently cited some passages of an official 
report to the President of the Board of Trade made 
by Captain Digby Murray, the ‘chief professional 
adviser” to the Marine Department, for the purpose 
of showing that the surveying staff of the Board 
up to very recently has been in a state of utter in- 
efficiency and disorganisation. We had before as- 
serted as much and gave our reasons for saying so, 
but at that time we scarcely expecied to see it so 
soon officially recorded in a parliamentary return. 
Thanks, however, to the frankness of Captain 
Murray, it is now so recorded. In the same official 
report which lays bare the shortcomings of the de- 
partment Captain Murray proposes a scheme of re- 
organisation, which appears to have found favour 
with Sir Charles Adderley, and to have been ina 
great measure carried into practice. A brief sketch 
of the present organisation as amended according 
to these recommendations will perhaps be of some 
interest. 

In the first place it may be stated that the Marine 
Department has now a “ chief professional adviser,” 
or ‘ professional officer,” as he is at different times 
called, and that important position is held by Captain 
Murray himself. To him all questions affecting the 
seaworthiness of any vessel is to be referred. To 
assist him there are five principal officers, who com- 
prise what is termed the consultative branch of the 
establishment, These are (1), ‘the assistant pro- 
fessional officer of the Marine Department,” (2) the 
engineer-in-chief, (3) the principal surveyor of iron 
ships, (4) the principal surveyor of tonnage, (5) the 
principal shipwright surveyor. 

The engineer-in-chief is to have submitted to him 





in the first place all unseaworthiness arising from 
defects in boilers and machinery ; and he is to have 
a certain control over the appointments and re- 
moval of the engineer officers connected with the 
staff, The principal surveyor of iron ships is to 
interfere in all cases where a question of construc- 
tion arises or recommendations are about to be made 
for the strengthening of a weak ship. It has long 
been held at the Board that the proper persons to 
ig A the hulls of iron ships are engineers. Cap- 
tain Murray thinks they can still be entrusted with 
this work so long as the ships have nothing the 
matter with them, but when there is anything 
wrong with their construction he thinks a trained 
shipwright surveyor is to be called in. This is a 
decided advance. .Many, however, will think with 
reason that this point having been reached, the entire 
survey of such ships had better be placed in the hands 
of trained shipwright surveyors, 

The principal surveyor for wood ships is to attend 
to special cases of wood ships found rotten or other- 
wise defective, and to teach the other shipwright sur- 
veyors their duties. He is to travel about for a time 
to see ‘‘ that they perform their duties both with 
judgment and uniformity, and do not cut up the ships 
they are called upon to survey more than is abso- 


ia] lutely necessary for the efficient performance of their 


duty.” No one can doubt the necessity of this latter 
arrangement, but that it has become necessary, and 
has to be publicly avowed, is a striking confirmation 
of the views we have at different times expressed as 
to the want of discrimination displayed by the Board 
of Trade in the selection of their surveying staff. 
The principal surveyor for tonnage is to have entire 
control of measurements for tonnage and crew space, 
and the supervision of lights. 

But we have poet over ‘‘the assistant pro- 
fessional officer of the Marine Department.” Some 
of our readers will perhaps wonder, as we at first 
did, what the title can mean, when all the officers we 
have alluded to are ‘‘ professional” officers of the 
same department. We were certainly puzzled at 
first, but we eventually discovered that Captain 
Murray has a way of designating sailors as ‘‘ the pro- 
fessional officers,” the others being ‘‘professional,” 
with a difference requiring qualification. And so 
far as we can learn this fancy of the captain’s has 
become official. The idea of this monopoly being 
claimed for seamen suggests many curious reflec- 
tions, and we trust none of the gentlemen who at 
present are ‘“‘ ¢he professional officers” will take it as 
any disrespect towards themselves if we mention 
some of those reflections as they pass through our 
minds. 

It will, for instance, be a novelty to some to think 
of the deck of a ship as the likely place to gain a pro- 
fessional training, much less ¢he professional training 

r excellence, which itis now credited with. Nor is 
it usually accounted a congenial soil for the cultiva- 
tion of the highest intelligence, the broadest views, 
the most delicate tact, or business qualifications of 
the highest order, such as are required for important 
administrative appointments onshore, The oracular 
air and the unconscious dogmatism which we look for 
and which please us in the mariner, assume a different 
and less pleasing aspect when met with in a civil garb. 
And the absence of consecutive thought which too 
often exists, from the neglect of steady mental 
training afloat, is only too - to show itself in all 
its nakedness. These thoughts alone would prevent 
our dropping upon the sailor as ‘“ ¢he professional” 
man among engineers and shipwrights. Of course 
there are differences among nautical men as among 
others, and there are some among them who have 
devoted their leisure time to informing their minds, 
and are capable of cutting a creditable figure in any 
capacity. But they are few and far between, and 
retain few of the characteristics of the sailor. 
They are not the men who can tell you by instinct 
how deep a ship can load, or where are her bearings ; 
or who will walk round a new ship and tell you 
her good and bad qualities without taking a measure- 
ment or knowing a single dimension; who know 
that when a ship is down to a certain line nothing 
you can put into her will get her down below it; 
and who know that when the main breadth of a 
ship is once put under water there is nothing to 
prevent her going down unless her bottom is so flat 
that the water cannot get away from under it. 
Among merchant captains of the present day, very 
few indeed have any clear conception of the laws 
which govern flotation, or have any acquaintance 
with the strength, construction, or stability of 
merchant vessels, Yet thisis the class from which 
the Board of Trade has to select their highest pro- 





fessional officers! Our views respecting the sailor 

element would of course, under present circum- 

stances, be scouted by the Board over which Sir 

Charles Adderley presides, but they are never- 

theless based on hard solid facts, which any one 

sounnianes with shipping will find it impossible to 
eny. 

But we must proceed. For the better arrangement 
of the local officers it has been decided to divide 
Great Britain and Ireland into ten districts, of which 
eight are in the former and two in the latter island, 
These districts embrace the whole sea coast, and each 
district has its staff of engineer and shipwright sur- 
veyors, its nautical staff, its sanitary staff, clerks, 
tapeholders (who gave them that name ?), and mes- 
sengers, the whole presided over by an inspector or 
principal officer, These principal inspectorships 
were recommended by Captain Murray, and their 
salaries range from 500/. up to 900/. per annum, 
more, in fact, in some instances, than those of the 
principal surveyors of the consultative staff. 

The recommendations for these higher appoint- 
ments were made on the following grounds : When 
Captain Murray made his tour he found principal 
surveyors of districts already in existence, all being, 
with one exception, engineers, He found these 
men overworked and unable to devote sufficient 
time from their special duties to look after the staff 
of the district ; and he found their salaries so nearly 
on a level with the other surveyors that they could 
not, in his apenas exercise that degree of influence 
over their subordinates which Captain Murray deemed 
necessary for strict discipline, Instead of freeing 
them from their speciai duties, and raising up their 
salaries so as to remove the objections stated, 
Captain Murray suggested that in future there 
should be two principal officers in each district, 
First, the inspector of the district, second, the prin- 
cipal engineer surveyor of the district. As the 
former was to have about double the salary of the 
latter, and have general control of the district, this 
proposal in reality amounted to lowering the then 
existing principal surveyors by appointing fresh 
ones above them. 

The qualifications set forth for these superior ap- 

intments are that the successful candidates should 

e ‘‘ good practical men, properly selected,” ‘‘gentle- 
men of fair position, good temper and judgment” who 
would recommend themselves to the pact pee Rhy of 
the shipowners, prevent arbitrariness on the part of 
the surveyors, form as it were a place of appeal, and 
remove ‘‘a good deal of inconvenience sometimes 
occasioned to shipowners on little questions as to 
lights, screens,” &c, Captain urray says: 
‘*Wooden vessels are sometimes stopped as unsea- 
worthy when they have been fit for the particular 
trade in which they have been engaged, and when a 
shipwright of experience visits them subsequent to 
their detention, he finds trifling defects which he 
recommends to be rye feeling, however, at the 
same time, that had he visited the vessels in the first 
place he would not have considered himself justified 
in recommending their detention, This would be 
controlled by the good judgment of a superior 
officer, and a uniformity of practice would be at- 
tained which it is hopeless to expect while every 
surveyor acts on his own individual responsibility, 
controlled only by circulars and instructions from 
the Board of e.” 

On such reasoning as this the President of the 
Board of Trade has been induced to appoint seven 
sailors and three engineers to be principal inspectors 
of districts at a cost to the country of about 6000/. 
per annum, and to further increase the expenses of 
the surveying staff by about 7000/. per annum. 
brief examination of the grounds advanced for 
cane appointments will perhaps not be out of place 


Because wooden vessels are sometimes stopped as 
unseaworthy by the local surveyors which a more 
experienced surveyor would not have stopped, it is 
urged to place over the first surveyor a naval officer 
at a high salary to prevent the repetition of such 
practice. No deduction could be more absurd, If 
such incidents as occur display glaring incompetency 
on the part of the first surveyor, such as could be 
detected by a sailor or any one else not a trained 
shipwright, the obvious course is to remove such a 
man as unfit for the duties of a surveyor. If on 
the other hand the mistake of the first surveyor is 
of a more subtle character, requiring an experienced 
shipwright to decide upon it, of what use can the 
highly paid sailor be in checking or controlling 
such matters. In the same way, if defects are re- 


ported in an iron ship, or in engines and boilers, it 
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must be done by the individual surveyors, and the 
responsibility must rest on them, not upon a nominal 
chief who has no technical knowledge of the matter. 
The mere fact of calling a sailor a “professional 
officer” does not invest him with technical knowledge 
of the construction of ships or machinery, or even 
endow him with that higher intelligence and busi- 
ness qualifications which Captain Murray apparently 
thinks it sufficient he should possess to enable him 
to guide the surveyorsin the exercise of their duties. 
On large and important questions relating to sea- 
worthiness the ‘‘ superior officer” would be entirely 
in the background, his opinion could have no weight, 
and the matter would have to be left in the hands 
of the surveyors, assisted perhaps by one or more of 
the principal surveyors from London. Of what use 
then it may be asked can these superior officers be 
to justify their being pe salaries two or three 
times as high as those of the surveyors? The only 
intelligible grounds we can find in Captain Murray's 
report for the appointment of these men at all, is 
that where little questions of dispute arise between 
shipowners and the surveyors, these ‘superior 
officers” can be appealed to, and they can, if granted 
power to do so, decide the matters summarily with- 
out referring them to the Board in London. But 
such duties are after all insignificant compared with 
the graver questions which have to be dealt with by 
the surveyors. 

To pay officers whose chief function is to decide 
*‘ little questions as to lights, screens, &c.,” when 
appealed to, far higher salaries than those who 
have to determine questions of seaworthiness is 
surely an absurdity in organisation which needs only 
to be pointed out to be appreciated. In many of the 
districts the outlying ports can more easily com- 
municate with London than with the central station 
of their own district, and in those cases the instruc- 
tions are to telegraph direct to London, especially 
where it is a question of stopping an overladen ship 
from slipping out to sea before there is time to 
discuss the matter by letter; and any gain in point 
of time from these principal district officers having 
detaining powers must be extremely small ; except 

erhaps within a few miles on either side of the 
Send quarters of the district. But what makes 
matters worse is that since the appointmant of these 
superior district officers, who were to afford an appeal 
to the shipowners against the vagaries of the sur- 
veyors, an Act of Parliament has created special 
Courts of Appeal for determining such questions of 
dispute between the shipowvers and the surveyors. 
What then we mayask is to become of the ‘superior 
officers” who a few months before the Courts of 
Appeal were originated, had been appointed to per- 
form a similar function? Is their occupation gone? 

After viewing the matter all round we are driven 
to the conclusion that the appointment of these 
sailors as princi district officers at such high 
salaries, compared with the salaries of the surveyors, 
is a gross mistake, not to say a waste of public 
money, and is suggestive of administrative in- 
capability even beyond what is usual among the 
higher authorities of the Board of Trade. 

In organising a staff to perform such duties as 
have devolved upon the Board of Trade there are 
two obvious courses that immediately present them- 
selves to the mind. One is to employ none but 
efficient and well-paid surveyors fit to be trusted 
to act on their own responsibility, checked or 
supported from head-quarters, as the case may 
require, by an able central professional staff, and in 
direct communication with the Marine Department. 
The other course is to appoint at each of the 
principal ports or districts a highly trained ex- 

rienced and able surveyor with large powers and 
large responsibility, and to supply him with a 
number of professional assistants at lower salaries 
to be constantly under his guidance and direction. 
In view of the establishment of district courts of 
appeal the former seems to be the .nost sensible 
plan, because before a court every surveyor must 
take his individual share of responsibility, and to 
attempt to place it nominally on the shoulders of 
the principal surveyor of the district would prove to 
be more or less useless. 

What the Board of Trade has done, however, 
is to appoint a lot of inefficient surveyors at low 
salaries, admittedly unfit to act alone, and to place 
over them at high salaries officers possessing actually 
no technical knowledge whatever, and for the most 
part knowing less of the duties to be ‘ormed 
than the surveyors they have to guide instruct. 
Time alone can demonstrate to the Board that such 
a combination can work neither harmoniously or 
efficiently, and official instructions and other mani- 








festations already suggest the existence of anything 
but harmony ; but of one thing we may be pretty 
certain, viz., that however + the failure may be, 
the Marine Da ent will lose but little in the 
public estimation; but whenever the time comes 
that a further reo isation can no longer be with- 
stood we trust that it will be undertaken less 
lightly, and be carried out more wisely than the 


one which has recently been effected under the in- 
spiration of Captain Digby Murray and Sir Charles 
Adderley. 





ACCIDENTS BY ROAD AND RAIL. 

Tue question whether locomotion by road or rail 
is the most safe must necessarily have frequently 
presented itself to those who make use to any 
extent of either mode, whilst to the unreflecting it 
is possible that railroads may appear as contributing 
most freely to the annual loss of life. No one 
can stand upon the platform of a busy station and 
watch the frequent interchange of trains, the almost 
ceaseless flow of traffic, or in their roadside rambles 
catch a glimpse of the Eas express, without 
recognising the fact that there does, and there must 
exist, a real danger. Still less can one divest their 
mind of the impression when the great mass of 
machinery—human as well as mechanical—by which 
all this great traffic is managed is fairly considered. 
It is not by one mind, or by one hand, but by a 
thousand minds and a thousand hands that this is 
done. With each one working in his own sphere 
and performing his allotted part in all faithfulness 
with a brain which never tires and never errs; 
with a reliable permanent way; with wheels and 
axles which will not break ; with locomotives which 
will not fail; a public which will keep punctuality ; 
and invariably clear, if not always fine weather, 
railway travelling might fairly be held as divested 
of much of that danger which undoubtedly attaches 


to it. But these conditions are by no means, at all 
times, present. The most careful and the most 
truthf 


are apt to err; pe goes and mental powers 
wear and tear in course of time, however vigorous 
they may be at certain periods. The most carefully 
selected and the best-made machinery will at times 
fail, and that not always from causes within 
reach of the engineer. The clerk of the weather 
is an ungovernable despot; whilst each member of 
the public is prone to attach more importance to his 
own movements and his own time than he is to those 
of others. Still amidst all this our railway work 
goes on, in all weathers, and under all circum- 
stances, and as a rule with a very fair approach 
to punctuality. Viewed from that stand-point which 
~ oy its numerous complications, its varied diffi- 
culties, and its increasing speed and traffic, although 
leaving still much to be desired, it yet presents 
much of which we may well feel proud, and for 
which many must even feel thankful. The journey 
of to-day is measured, not as in years happily 
gone by, by the day, but by the hour. Snugly 
stowed in the corner of a first-class carriage, the 
traveller may now journey from London to Edin- 
burgh, and feel little fatigue for the 400 miles over 
which he has been whirled, The space which divides 
our chief centres of commerce is no longer considered 
in respect of the absolute geographical distance be- 
tween them, but by the time which is occupied in 
the transport of the individual from the one point to 
the other. Time is the consideration, and thus con- 
sidered the capitals of England and Scotland stand but 
nine hours asunder. In point of time and comfort, 
then none can doubt but that the gain is real. But is 
this acquired at that greater risk usually associated 
with railway travelling, as compared with our earlier 
mode of transit? Railways, although sometimes 
brought even inconveniently near to our residences, 
do not stop at our doorways, and hence there still 
exists a demand for other modes of conveyance. 
Now let us see what the Registrar-General—of 
whose report we recently gave a brief summary (see 
ante page 429)—says upon the subject. 

Well, then, for the year 1874— which is the period 
dealt with by the report—we find the deaths con- 
nected with railways as under: 


Males. Females. 
Run over on the line . 743 56 
Carriage off rails, &. ... eee sa 4 0 
Fall from carriage or engine ... “ne, Can 5 
Crushed by carriage or engine 175 3 
Fall from height... ie eve ° 1 0 
Locomotive machinery ... ove 2 0 
Fall of heavy substances on... io 0 
Other deaths (manner not stated, or 
otherwise than above) ous ww. 144 8 
Total... oo }6=Cl ee SAGSsC(‘éi 


And those associated with horse conveyances as 


follows : 
Males. Females. 
Horses or other animals ... o00.!) ats 
Total males 259, say from horses 200> 200 15 
” _ females 1, ” ” 15 97 
Omnibuses ... 46 9 
Tramcars ... 52 10 
Cabs ... pi a ai ae dio aaa 16 
Vans, wagons si me eee oe 328 26 
ae es " i cod oa. Jae 5 
Cc oe oe és 4. | 
Traction engines ... oe = wo 8 0 
Others... am om er 10 


Total ... .. 1313 215 

Thus we see that for the year 1874, which is the 
latest for which the Registrar-General furnishes 
statistics, we have charged to the account of rail- 
ways a sum total of 1249 deaths, and to horses or 
horse conveyances a total of 1528, showing as a 
result that the great mass of railway traffic was for 
the period named conducted at a considerably less 
loss of life than is our ordinary street traffic. 

But the year 1874 was an exceptionally bad year 
for railway accidents, for in it we experienced the 
accident on the Great Eastern at Thorpe, on the 
North British at Bowness Junction, and on the 
Great Western at Shipton, resulting in no less than 
71 deaths to passengers, so that the comparison is 
in — way in favour of the horse traffic, 

We have unfortunately no statistics from which 
we may learn the- number of journeys undertaken 
by horse conveyances, so as to draw a comparison 
between them and those set down under the head of 
railways, but with regard to the latter, statistics 
show that the number of journeys for the year 
amounted to 477,840,411, which gives us a propor- 
tion of one person killed to every 381,579 journeys 
made. It must, however, here be borne in mind 
that this is not the number of passengers killed, but 
that it includes suicides, workmen, mechanics, con- 
tractors’ men, and every other description of person 
who has from any cause whatever met with death 
from causes directly emanating with railway traffic. 
The proportion of gers killed was, from all 
causes, 1 in 2,274,881, whilst the number killed from 
causes beyond their own control, i.e., from causes for 
which the railway companies may be considered 
responsible —was only 1 in 5,556,284, and this pro- 
portion was so far increased for the year 1875 as to 
assume the proportion of 1 in 29,823,500. 

It cannot then be denied that a travelling 
has an advantage overroad travelling. It is swifter 
and it is surer. Averaging the length of each pas- 
senger journey at ten miles, we may say one passen- 
ger is killed ‘br every 298,235,000 miles travelled, 
and thus, if a person were to travel for ten hours a 
day, at a speed of 30 miles per hour, for every day 
of the year, the chance is he would meet with his 
death in 2749 years! 





EDUCATION AND THE CENTENNIAL. 

In an earlier number, we reviewed the educational 
collections of the principal States, and we think it 
would scarcely be just to conclude such a review 
without adverting to the interesting exhibits contri- 
buted to the Centennial by some of the ‘Territories, 
These occupied a very modest section of the United 
States Government Building, and were, therefore, 
apt to escape the notice of the hasty visitor. But 
hese who may have examined the numerous 
specimens of class-work, or analysed the statistical 
tables, must have recognised that the Government 
does not look upon the rifle as the most potent means 
of reclaiming the Red Man from his nomadic and 
predatory habits, and that pretty fair provision is 
made towards bringing him within the influence of 
those arts that ‘‘ have] softened the rude, and tamed 
the boisterous mind.” 

The system is more than embryonic, but it is 
evidently not complete. As it seems to be fairly 
organised, it must ultimately be productive of very 
perceptible results. It embraces within its network 
twenty-one tribes, the best known of which are the 
Sioux, the Cheyennes, and the Commanches. 
Zealous friends of the Indian have successfully 
faced the difficulties of vernacular translation and 
favoured their untutored brethren with books of 
devotion and texts of instruction ; and, as it did not 
appear seemly that these r wanderers on the 
borderland of civilisation should completely ignore 
what is going on within its pale, other philanthropic 
adepts in Western idioms have volunteered their 
services, and finally succeeded in printing news- 





papers for circulation in Muskokee, Dacota, and 
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Cherokee. A lexicon in Sioux and English, and a 
lyglot in no less than six of the principal dialects, 
cove already been published. English is taught in 
all the schools, and is the chief vehicle for the con- 
veyance of instruction. The attainments in the 
the various branches are necessarily of an elementary 
character ; geography is carried no further than 
map-drawing, arithmetic ends in fractions, and 
algebra culminates in simple equations, * This is the 
graduating lore of the Indian boy. More congenial 
accomplishments are required of his tawny sister ; 
and the many articles of knitting, bead-work, carpet- 
weaving, and crochet that form a conspicuous part 
of the ornamental portion of the collection, show a 
pleasing proficiency in the varied subjects of their 
curriculum. The manners and customs of civilised 
society necessarily constitute an important item in 
the day’s routine, and a good practical acquaintance 
with this section of social science is necessary to 
candidates for the honours of graduation. It may 
be pertinent to remark that all students, boys or 
girls, who satisfy in the final examination, are re- 
warded by the title of “graduate,” and we are 
further told that the hope of attaining this dis- 
tinction is productive of the happiest results. 
The Indian Office controls 113 day schools, in 
which 3251 male and 2550 female Indians and _ half- 
breeds are instructed, besides which there are 47 
boarding schools attended by 1017 boys and 724 
girls. The professorial work is done by 89 masters 
and 95 mistresses. The former receive an aggregate 
of 45,860 dols. (8600/.) and the latter 36,410 dols, 
(6860/.) The salary is certainly not too high ; it is 
scarcely an adequate return for the drudgery, dis- 
comforts, and privations that constitute the staple 
amenities of such a monotonous career. 
Much good has already been done by this wide- 
reaching service, and veterans in this noble Christian 
work have assured us that they have derived no 
small consolation in the discharge of their arduous 
duties from the growing docility of their pupils and 
their rapid rise in the scale of civilisation. Numerous 
photographs have been taken with a view of 
showing the improved appearance of these classes at 
different stages of their veg J: and we must 
admit that the happy air which lights up their youn 
countenances, and the neatness of their attire (whi 
in some instances shows a more minute acquaintance 
with the superfiuities of fashion than one would have 
anticipated) are pleasing evidences of the successful 
efforts of their instructors. 
A large number of other photographs increased 
the interest of this varied collection. Among these 
we may mention three which seemed to have a little 
more prominence given to them than to the rest. 
The first is a cabinet photograph of Samson Occom, 
a celebrated Mohegan Indian, who was born in 1723, 
visited England in 1766, and died in 1792 ; the second 
represents a renowned chief of the Commanches, 
who on account of his frequent indulgence of certain 
roclivities, was euphemiously styled “ the Kicking 
itd ;’’ whilst the third perpetuates the of 

oem who is modestly styled ‘‘the Cherokee 
elle.” 

The most noticeable of the numerous pen-and-ink 
specimens, and the only one to which we shall refer, 
was a fine statistical chart of the United States, from 
which we abstracted the following decennial data: 


Year. Area. Population 
1790 827,844 square miles 3,929,214 
1800 827,844 i 5,308,483 
1810 1,999,775 o 7,239,881 
1820 2,059,043 8 9,638,453 
1830 2,059,043 99 12,866,020 
1840 2,059,043 99 17,069,453 
1850 2,980,959 9 23,191,876 
1860 3,026,494 we 31,443,321 
1870 3,603,884 *” 38,558,371 


With these few remarks on the Indian, we shall 
pass to the Canadian educational department. 

Of the seven federated provinces forming the 
Dominion, only two had any educational exhibits 
at all. These were the provinces of Quebec and 
Ontario, formerly known as Lower and Upper 
Canada. That the others should be entirely un- 
represented is scarcely creditable, especially when 
such remote countries as Sweden and Japan were 
conspicuous by their contributions, Even Lower 
Canada was disappointing, and for the nonce 
passively allowed herself to be outstripped by her 
rival of Ontario. Her exhibits did not number a 
dozen, and were confined to an area not exceeding 
4 ft. square. There were no specimens of class 
work, collections of text-books, maps, drawings, or 
statistical tables; there was nothing but a few card- 
board models of five of the leading colleges, and 





even these bore in their ile and accumu- 
lated dust unmistakable marks of official neglect. 
This scantiness of exhibits was not the outgrowth of 
any ill-feeling, for Lower Canadians are no prosaic 
admirers of the great American Republic ; neither 
was it owing to a want of impulsiveness, for even the 
rigours of their climate cannot chill their hereditary 
enthusiasm ; and it was certainly not due to a con- 
sciousness of inferiority, for pre education is so 
well understood and energetically carried out, that 
Lower Canada has not ow been referred to 
as worthy of imitation. he higher education is 
entrusted to such noble institutions as the Laval 
University, Quebec, the McGill University, Mont- 
real, and their chain of affiliated colleges. 

In the presence of such facts, we should be at a 
loss to account for the ungracious absence of so 
flourishing a province from the Centennial Congress, 


all | did we not know that men are sometimes graced 


with the sounding title of Commissioners who are 
incompetent to discharge the duties of their office. 
When even members of the British Commission be- 
come noted for their inefficiency and blundering, it 
is scarcely a wonder that some colonial commissioners 
should be deficient in organising ability and adminis- 
trative tact. Theré seems to have been but little 
initiative and less encouragement in the chief of the 
Educational Bureau, and these have resulted in the 
ostracism of Lower Canada from a concourse in 
which she could easily have reflected honour on the 
mother-country, while doing justice to herself. 

The case was quite otherwise with Upper Canada, 
The exhibits were numerous, embracing specimens 
of all grades and classes, They were not relegated 
to an obscure corner, but were displayed in one of 
principal transepts of the Main Building. An in- 
spection of the ks, charts, drawings, and photo- 
graphs included in the collection showed that 
elementary and secondary instruction is reduced to 
a strict system which leaves no loophole for the in- 
troduction of caprice and Figg ewan It is 
entirely under the control of the Educational De- 
partment, and is given in the — (primary), 
separate (denominational) and high (secondary) 
schools. 

The course of study for public schools embraces 
all the usual branches, and requires twenty-one and 
a half hours of instruction per week. Each school 
is divided into six classes; and in running down the 
time-table, we perceived that grammar and com- 
position begin in the second, chemistry and botany 
in the fourth, while in the fifth and sixth classes 
natural peo me algebra, geometry, mensuration, 
and book-keeping receive as much attention as the 
lengthy programme will allow. 

It may be inferred that only a general ac- 
quaintance with the elements of these subjects is 
required. Nothing else could be imparted without 
recasting the time-table, which allows only two 
hoursa week to algebra, one and a half to geometry, 
one and a half to menésuration, one to book-keeping, 
and to the rest in proportion, Thoroughness of 
knowledge and multiplicity of branches are in- 
compatible for advanced students, a fortiori for 
beginners, 

From the statistical charts, we gather that in the 
province of Ontario there are 4758 public schools, 
kept by 5736 teachers, and attended by 443,100 pupils. 
The separate schools were established in order to 
obviate the “ religious difficulty,” and afford all 
denominations reasonable concessions, Members of 
every persuasion may found such schools, select the 
teachers, and amply provide for the religious 
training. The ucational Department uires 
that the teachers should possess the usual certificates 
of qualification, and that their work should be subject 
to inspection. On these conditions, such schools 
are entitled to share the legislative grant in 
proportion to their attendance. The number of 
separate schools is about 166, and they have an 
attendance of 22,786 pupils. 

The high schools are intended to embrace a wider 
curriculum, and to give more thorough instruction 
than is attainable in the public shools, Those 
which have at least four masters and an average of 
sixty classical students are further differentiated by 
the title of Collegiate Institutes. 

The high school is under the government of 
trustees, who appoint teachers and supply the 
necessary accommodation, furniture, and apparatus ; 
but the general regulations concerning studies, the 
tests to be used and prizes to be granted, emanate 
from the department. The programme includes 
modern languages, the classics, mathematics, phy- 
sical science, drawing, music, &c, The head master 





must be a graduate in arts of some British or colonial 
university, In 1874 there were 108 such schools, 
attended by 7870 pupils. 

The higher education is controlled by the pro- 
vincial university, known under its corporate de- 
signation of the University of Toronto. It is not 
a teaching, but rather an examining body, after the 
fashion of the London University. Its examinations 
are not, however, open to candidates indiscriminately, 
but only to those who have studied in one or the 
other of the many affiliated institutions, The course 
of instruction followed in these must therefore 
invariably conform to the university syllabus. This 
is an objectionable feature, especially in the case 
of colleges whose staff includes men of recognised 
ability, because it deprives them of the choice of 
subjects, and compels them to adopt a mode of 
treatment which is often more suited to insure ex- 
aminational success than to impart sound knowledge, 
or awaken a desire of opening up views of original 
research. Admitting the objection, we still prefer 
such a central system, or catinar a limited number of 
such systems, to an endless multiplication of 
universities, It is more tonic; the level of studies 
is more easily maintained, and such modifications 
introduced as may keep pace with the rapid develop- 
ment of science, erit alone can enable the 
candidate to the crucial test for academic dis- 
tinctions ; and as a necessary consequence, the public 
come to look upon such degrees as substantial 
‘¢ honours,” 

The University of Toronto was established by 
royal charter in 1828, but was not opened to 
students till 1843. It was endowed with a grant of 
public lands, which produce an annual income of 
55,000 dols., nearly 10,0007. It confers degrees in 
the faculties of arts, law, and medicine, and awards 
special certificates in engineering and agriculture. 
Since its inauguration 118 students matriculated in 
law, 336 in medicine, 918 in arts, 33 in civil engi- 
neering, and 20 in agriculture, making a total of 
1425. Of these, 118 obtained their degree in law, 
328 in medicine, and 728 in arts, We observe that 
we penentnnee of failures is low, and in the case of 
medicine and law seems to approximate to a dif- 
ferential increment, from which we infer that the 
examiners have wisely tempered the rigid severity 
of their London prototype, 

Considerable encouragement is held out to 
students by the scholarships which are annually 
awarded on the results of the examination. In the 
faculty of arts alone there are 39, varying in value 
from 80 dols, to 120 dols, Since 1849 as many as 
~~ tit have been given in this latter 
aculty. 

The seat of the university is in the city of 
Toronto, where it occupies a pleasant site and ex- 
tends over spacious grounds. The building is of 
Norman cuiiesan and was erected at a cost of 
350,000 dols, 

We have already noticed that the a 4 
schools owe their existence to a praiseworthy desire of 
affording equal educational advantages to members 
of all persuasions, and we have now to add that the 
same broad views have been carried to their legiti- 
mate culmination in the establishment of denomina- 
tional universities, The opposite course, viz., that 
of refusing a charter on the grounds of religious 
dissidence appears to us to fall little short of the 
intolerance of penal legislation. It is the antithesis 
of intellectual advancement, a sarcasm on our boasted 
progress, Nevertheless this is the illiberal policy 
that is being carried out at home, while five uni- 
versities have been founded by as many religious 
sections in the single province of Ontario, and have 
been successively favoured with Royal Letters 
Patent, These are the University of Victoria 
College, Coburg, empowered in 184] to confer 
degrees in arts, science, theology, law, and medicine; 
Queen’s College, Kingston, incorporated in 1841, 
and placed under the control of the Presbyterian 
Church; Trinity College, established in 1852, for 
the instruction of members of the Church of Eng- 
land; Ottawa College, incorporated in 1866 and 
under the direction of the Roman Catholic body ; 
and lastly, Albert University, founded by the 
Methodist Episcopal Church, and empowered in 
1871 to confer degrees in arts, law, music, theology, 
and engineering. In Lower Canada, Quebec is the 
seat of a flourishing Roman Catholic university 
(Laval), while McGill ay 5 at Montreal, is open 
to students of all creeds. Canadians may well be 
congratulated upon their success in building up 80 
comprehensive a system of higher education, and still 
more so for being foremost in proclaiming and in 
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recognition of the free university 
logic of facts is not an empty 
some tinsel-loving rhetorician, it 
may be ho at a broader policy will soon be 
inaugurated in this matter than has hitherto pre- 
vailed, and that Government will show itself at least 
as untramelled by prejudice at home as it is pleased 
to show itself in distant colonies. 

The Ontario exhibits at the Centennial were all 
contributed by schools under the control of the 
Educational Department. They embraced collec. 
tions of map drawing, specimens of writing, plans, 
photographs, and school furniture. In glancing 
over the text-books, we noticed with pleasure such 
old acquaintances as Smith and Todhunter, Roscoe 
and Balfour Stewart, thus pes that the young 
Canadian is early familiarised with the names and 
works of the ieading scientific men of the mother- 
country. Our impression of the chemical laboratories 
was not very favourable, as we are unable to realise 
the exact utility of diminutive and fanciful retorts, 
stills, troughs, &c. They looked nice in glass cases, 
especially when interspersed with pretty birds and 
brilliant crystals; but we fear that such delicate 
triumphs of the glassmaker’s skill would put the 
temper and manipulating qualities of the young 
chemical student to a severe test, and would rather 
impede than hasten his progress. 

e physical apparatus was better adapted to the 
requirements of class instruction, The instruments, 
especially those for heat and electricity, were large 
and solidly constructed, The collections were well 
classified, and we remarked'that the more recently 
developed branches, such as polarised light, magneto- 
electricity, and spectroscopy were fairly represented. 
It is highly desirable to acquaint the young student 
(we do not say the young er with the leadin 
principles of physical science, and it is equally absu 
to attempt this without practical illustrations in the 
laboratory of the laws expounded in the class room. 
If the apparatus exhibited be typical of that required 
in high schools, which however the time table gives 
reason to doubt, it would speak well for the extent of 
the knowledge imparted in the corresponding sub- 


exacting the 1 
principle. If "*. 
phrase devised b 


ects. 
. In the historical department, we found a collection 
of seals extending, without break, from the 
Conqueror to Her Majesty. Among other interest- 
ing objects, we may mention the Roll of Battle 
Abbey with the shields of the principal knights in 
armour at the battle of Hastings, the death-warrants 
of Mary Queen of Scots and of Charles I., and a 
fac-simile of Magna Charta. We must confess this 
last document elicited from us the tribute of a smile, 
for within the costly frame and surrounded by 
glittering and variegated ornament, we recognised 
an advertising ruse, which sold in the streets of 
London for a penny.a wry" Had the ordinary visitor 
been able to peep beneath the illuminated border, he 
would have seen just beneath the sign-manual of 
Johannis Rex the ubiquitous name of the in- 
ventor of ‘‘ pyretic saline.” We do not disclose this 
as a censure on the author of the beautiful trans- 
formation of the document of Runnymede, but 
rather as an example of appreciation that is well 
worthy of imitation. 

These various educational groups were tastily 
decorated with maps, dissected globes, physical 
charts, zoological specimens, photographic views, and 
statues of ancient and modern celebrities. Among 
the former, Homer, Aristotle, and Cicero were 
easily recognised, whilst among the fifty-six busts 
and statuettes of the latter, deserved prominence was 
given to Newton, Franklin, and Faraday. In a 
word, little was left undone that might convey a 
favourable impression of the actual status of educa- 
tion in one of the most important provinces of the 
Canadian Dominion. 


OVERFLOW OF THE THAMES. 

Tue Metropolitan Board have given notice of their in- 
intention, during the future Parliamentary session, to 
introduce a Bill called “The Thames River Prevention 
of Floods Bill,” which is intended to cause the execution 
of works to prevent a repetition of the disastrous results 
owing to the overflow of the river. The cost it is proposed 
to lay on the ratepayers who inhabit the districts adjacent 
to the banks. So long as hopes existed that the ex- 
pense would be borne by a general rate of the metropolis, 
the parishes concerned were urgent as to the necessity of 
the work, but now the cost is likely to rest on their 
shoulders they begin to complain. The cour8@ proposed 
to be followed by the Board is chiefly as the result of a 
determination expressed in their last annual report, in 
which it was stated that it is desirable for this Board to 
apply to Parliament for further powers, and for authority 




















to require the local authorities of the districts abutting on 
the river, and also the owners of riverside property to 
make proper walls and def for keeping out the water, 
and upon their default, to do the work and charge them 
with the cost. Deputations have waited on the Board in 
opposition to the scheme, At the meeting of the Board 
last Friday the General Purposes Committee pre- 
sented a report recommending that the cost of the 
necessary work should be met by a general metro- 
politan rate. An animated discussion ensued, in which 
the report was strongly objected to, and as re- 
opening a question already disposed of, Mr. Fowler pro- 
posed that the recent decision of the Board should be 
rescinded, but this [motion was lost by 20 to 15. 
Practically, however, the question will still remain open, 
as the Bill is sure to be the subject of a Select Com- 
mittee to consider the conflicting interests involved. It 
appears that the probable cost, as estimated by the 
engineer of the Board, will amount to from 5 to 6 millions 
sterling, or about 50 per cent. more than the main 
drainage system. If this cost could be borne by the 
parishes, the charge would be most unequal, and would 
fall chiefly upon the poorer parishes having 4 long river 
frontage. The authorities of Fulham state that they 
have a river frontage of 4} miles, and if this were 
protected in the most simple manner the cost would be 
a quarter of a million, while the total rateable value of 
the district is but 350,000/. The®subject is at once a 
matter of great importance and difficulty, and we much 
fear, from past experience of metropolitan gas and water 
measures, the inhabitants, and others of the banks of the 
Thames, will experience a few more floods and heavy 
damage before the matter is finally settled. It should 
be added that the estimated cost named above is exclusive 
of compensation to landowners, warehousemen, &c, 











RAILWAY STATISTICS. 

THERE has just been issued the ‘‘ General Report, b 
Captain Tyler, in regard to the Share and Loan Capital, 
the traffic in passe’ and goods, and the wes e - 
diture and net profits from railway wrens of the Rail- 
way Competes of the United Kingdom, and on the Rail- 
ways of the British Empire for 1875.’’ In the United 
Kingdom, the total length of railway o for traffic on 
the 3lst of December, 1875, was 16, miles, of which 
8898 miles were laid with two or more lines, and 7760 
miles with a single line of rails. They were distributed as 
follows :—In England, 11,789 miles, including 4460 miles 
of single line; in Scotland, 2721 miles, including 1661 
miles of single line ; in Ireland, 2148 miles, including 1639 
miles of single line. There was an increase of 209 miles 
between the 3lst of December, 1874, and the 31st of 
December, 1875, namely, from 16,449 miles to 16,658 
miles, or at the rate of 1.27 per cent. This increase was 
made up as follows :—From 11,622 miles to 11,789 miles, 
or 1.44 per cent., in England ; from 2700 miles to 2721 
miles, or .78 per cent., in Scotland ; and from 2127 miles 
to 2148 miles, or .99 per cent. in Ireland. The total 
capital raised by shares, stocks, and loans on the 31st of 
December in each of the years from 1871 to 1875 inclusive 
was as a follows: 1871, 552,661,5511. ; 1872, 569,047,3461. ; 
1873, 588,320,3087. ;11874, 609,895,9311. ; 1875, 630,223,494. ; 
— an increase of Bo age peo raised —_— 1875. 

average cost per mile of railway open, which was 
34,0991. at the end of 1858, had atin ge 34,1062. at 
the end of 1870, to 35,9441. at the end of 1871, to 35,9841. 
at the end of 1872, to 36,5741. at the end of 1873, to 37,0781. 
at the end of 1874, and to 37,8331. at the end of 1875. 
The more recent railways have, with the exception 
of the Metropolitan and some others, been constructed 
at a much lower rate of cost per mile than the above 
figures of rather more than 34,0001. for 1858 to 
nearly 38,000/. for 1875. But the rate of cost on the total 
mileage er. increases in consequence of the con- 
stant necessity for laying down additional lines and sidings, 


and improving the accommodation in and stations 
and otherwise providing for working safely and economically 
the ever increasing con the older lines. And the same 


result must be expected from year to year as long as the 
traffic of the country continues to increase in the same ratio 
But the capital has thus increased in very different propor- 
tions as regards the various descriptions of stocks loans. 
The increase in ordi shares for the year 1871 over the 
ay 1870 was rather under a million, or only .42 per cent. ; 
or the year 1872 over the year 1871 nearly nine millions, 
or 3.8 per cent. ; for the year 1873 nearly 5} millions, or 
2.26 per cent. ; for the } ong 1874 rather over four millions, 
or 1.67 per cent., and for the pear 1875 rather more than 
six millions, namely, from 248,528,2411. to 254,600,7321., or 
2.4 per cent. The increase in guaranteed and preference 
stocks or shares was from 173,051,875. at the end of 1871 
to 177,764,6741., or 2.7 per cent., at the end of 1872; to 
188,127,0691., or 5.8 per cent., at the end of 1873; to 
200,930,6291., or! 6.8 per cent at the end of 1874; and to 
212,198,3241., or 5.6 per cent., at the end of 1875. The in- 
crease in loans and debenture stocks was from 
149,378,0801. in 1871, to 152,205,728/., or 1.9 per cent., in 
1872; to 155,743,4341, or 2.32 per cent., in 1873; to 
160,437,0611., or 3.01 per cent., in 1874; and to 
163,429,4381., or 1.87 per cent., in 1875. But the debenture 
8 increased at the rate of 28 per cent. in 1872; 16 per 
cent. in 1873, and 11 cent. in each of the years 1874 and 
1875, namely, from 67,282, 5351. in 1871, to 85,981,5111. in 
1872, to 99,855,1201. in 1873, to 111,170,9911. in 1874, and 
to 123,008,6841. in 1875; while the terminable loans de- 
creased at the rate of 19 per cent. in 1872, 16 cent. in 
1873, 12 per cent. in 1874, and 18 per cent. in 1875, namely, 
from 82,095,545/. in 1871 to 66,224,217 in 1872, to 55,888,314/, 









dividend on 





in 1873, to 49,266,070/ in 1874, and to 40,420,7547. in 1875. 
The process of converting terminable debentures into de- 
benture stocks, which was proved some years since to be so 
necessary, has thus been further continued. 

The percentage of loans to the total capital has decreased 
from 15 per cent. in 1871, to 12 per cent in 1872, to 9 per 
cent. in 1873, to 8 per cent. in 1874, and to 6 per cent. in 
1875; while the percentage of debenture stocks has in- 
creased from 12 per cent. in 1871, to 15 per cent. in 1872, 
to 17 per cent. in 1873, to 18 per cent. in 1874, and to 20 
per cent. in 1875. The proportion of ordinary capital 
remained at 42 per cent. of the total capital for each of the 
three years 1871, 1872, and 1873, but decreased to 41 
cent. in 1874, and to 40 per cent. in 1875 ; the proportion 
of debenture stock and loan capital, taken together, which 
was 27 per cent. of the total capital for the years 1871 and 
1872, has decreased for the years 1873, 1874, and 1875 to 
26 per cent. ; and a proportion of guaranteed and prefer- 
ence stock, which was at 31 per cent. for the years 1871 and 
1872, increased for the year 1873 to 32 per cent., for the 
year 1874 to 33 per cent., and for the year 1875 to 34 per 
cent. of the total capital. 

During the year 1875, of the capital of those companies 
whose lines were open for traffic no interest was paid upon 
7,667,0811. of preference stock, apparently from a want of 
sufficient gry in working. This was a falling off as com- 
pared with 1874, in which year the proprietors of 7,326,1691. 


of preference stock received no dividends. The holders of 


48,000!. of loans and of 769,4641. of debenture stock were 
also without interest in 1875. This, too, was a falling off 
as compared with 1874 both as regards loans and debenture 
stock. In that year the holders of 80001. of loans and 
514,6741. of debenture stock were without interest. No 
interest was paid upon 35,678,3931. of ordinary stock in 
1875, which was an improvement as compared with 1874. 
In that year the proprietors of 41,121,014. of ordinary 
stock received no interest. But the difference, as I have 
pointed out in previous reports, between the nominal value 
of many of these stocks and loans and the amounts actually 
received by the companies for them is, in consequence of 
the mode in which the money has been raised, very con- 
siderable. 

The leading features of the railway system of the United 
Kingdom at the end of 1875 are as follows ; A total sum 
of 630,228,4941. had been expended on 16,658 miles of rail- 
ways of which 8898 were laid with two or more lines of 
rails, and 7760 were single lines, at a cost of about 
37,8001. a mile. There were 12,439 locomotive engines, or 
about one to every mile and a quarter; and 393,799 
vehicles, or about 23} per mile, besides great numbers of 
wagons, of which there is no means of forming an esti- 
mate, belonging to traders and companies other than rail- 
way companies. By the ing of trains over 209,528,186 

iles, 58,982,7531. was received during the year, of which 
32,198,196!. was expended in working and maintenance, 
and 26,784,5571. remained as net profit; so that 55 per 
cent. of the gross receipts was expended in earning them. 
There were 506,975,234 passenger journeys, besides the 


ee s of 597,257 season and periodical ticket-holders ; 
an 


,069,651 tons of goods and minerals, besides a large 
number of live stock, were conveyed. The average rate of 
i capital was 4.72 per cent-, and on the 
total capital 4.54 per cent., including 47,058,9451. of capital 
which received no interest or dividend. The average cost 


of working each train was 36.88 pence per mile, the average 
receipt from each train was 67.96 pence 
average net profit from each train was 30. 


mile, and the 


pence mile. 
= mile, 35402. 
profit was 1607/. per 


The more prominent facts connected with traffic working 


The total cost of working was 19331. 
per open mile was received, and the n 


open mile. 
in 1875, as compared with 1874, were as follows: There 


was an increase of gross receipts ameunting to 2,083,255/., 
but also an increase of working expenses amounting to 
550,6791. There was an increase of 226,1551. in first-class, 

and of 639,2241. in third-class, but a decrease of 256,589/. 

in second-class passenger receipts. While there was an 

increase of 4,434,127 in the numbers of first-class, and of 
26,438,488 in the numbers of third-class passenger journeys, 

there was a decrease of 1,737,792 in the numbers of second- 

class passenger journeys. There was an increase in the 

receipts from goods, minerals, &c., of 1,262,1891. 

As between 1874 and 1875 the principal differences in the 
cost of working and maintenance per train mile were in 
way and works and locomotive charges. In the former of 
these there was a decrease of .36d., or rather over a third 
of a penny ; and in the latter a decrease of .9d. Comming 
1870 and 1875, there was an increase of 1.6d. in way an 
works, and of 1.98d. in locomotive charges, while there was 
also an increase of 2.3d. in traffic expenses. 

The gross receipts of the railways increased from 
23,956,7491. in 1858 to 58,982,7531. in 1875, having consider- 
ably more than doubled in 17 years. From 1858 to 1870 the 
increase was 19,460,3211., or 81 per cent. for the period of 
12 years; and from 1870 to 1875, 15,565,683/., or 36 per 
cent. for the period for five years. As between 1858 and 
1875, and taking one year with another, the average annual 
increase in the s traffic receipts has been at the rate of 
5.48 per cent. but it may be observed that while the in- 
crease in the receipts was at the rate of 8.50 per cent. for 
1871, 8.91 per cent. for 1872, 8.52 per cent. for 1873, 2.20 
per cent. for 1874, and 3.66 per cent. for 1875, the increase 
in the total (railway) working expenditure for the same 

riods was 6.79 per cent., 13.35 per cent., 17.18 per cent., 

.28 per cent., and 1.74 per cent. respectively. ' 

The following statement shows the total number of miles 
in the British Empire to the 
most recent dates attainable, but mostly to the 3ist of 
December, 1875 : United Kingdom, 16, miles. British 
Possessions.—Australia—New South Wales, 437 miles ; 
Queensland, 263 ; South Australia, 258, including railways 
worked by horse traction ; Victoria, 618; British Guiana, 
21; Cape of Good Hope, 149; Ceylon, 914 ; Dominion of, 


of railway open and worki 
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Canada, 4443 ; India, 6461; Jamaica, 25} ; Mauritius, 66 ; 
Natal, 54; New Zealand, 542; Tasmania, 167. Total in 
British Possessions, 13,547} miles. Total in British Empire, 
30,2054 miles. 


NOTES FROM THE SOUTH-WEST. 
Rhymney Coal Trade.—Now that the Mardy pitis ready 
to start, the colliers will not resume work, owing to some 
alteration in wages. It seems that up to this time there 
has been an allowance made of about 3s. 6d. per week per 
man for cutting the bottom, &c. The Rhymney Iron 
Company have resolved not to allow the men anything be- 
yond the price for cutting the coal. The men refuse to 
accede to this arrangement, and the consequence is that 

there are several hundred miners out of employment. 


South Wales and the Midland Counties.—The works 
on the Kidderminster and Bewdley Railway will be com- 
pleted by the end of the — year. The construction of 
these three miles of line has been in hand for several years. 
The line will prove a great boon to passengers from Bir- 
mingham, Wolverhampton, Dudley, and Stourbridge to 
the Severn Valley Railway, and will avoid the delay hither- 
to experienced at Hartlebury Junction. The London and 
North-Western Railway will have running powers over this 
new loop line from Kidderminster to South Wales, and it 
has been stated that that company will save at least 
50,0007. per annum by this means. 


The Forest of Dean.—The Forest of Dean coal trade has 
relapsed during the past week, and the men in several of 
the leading collieries are not fully employed. It is, there- 
fore, considered that prices cannot be advan during the 
present year. The stock of pig iron is being reduced, but 
trade at the iron furnaces is still quiet. Prices remain firm, 
at quarter-day rates. 


Coal at Cardiff—The Cardiff coal trade has fallen off 
during the past week to the extent of over 20,000 tons, the 
quantity exported being 69,378 tons, against 89,601 tons 
during the previous week. Prices generally are not so 
firm. 

New Pits.—It is now generally understood that the 
Rhymney Iron Company will sink their new pits further 
down the valley than was at first intended. The spot now 
selected is between Gilfachfargoed Colliery and Gilfachfar- 
goed-fawr Farm. 


Wages Reduction.—A 5 per cent. reduction in wages has 
been accepted by the day labourers and contractors employed 
by the Llynvi, Tondu, and Ogmore Iron and Coal Company. 
A reduction of ironworkers’ wages is proposed to be made 
at Briton Ferry. 


Proposed New Contract Rules.—On Friday notices were 
posted up at the Mountain Ash Collieries inviting the 
men to select from among tl lves a to draw out 
a new code of contract rules. The notiice intmates that 
the joint committee will meet this month to decide on the 
new rules. 


Portishead Water Company.— The third half-yearly 
general rey - of the Portishead District Water Company 
was held at the offices, Portishead, on Thursday. The 
chair was taken by Mr. John Weatherby. The directors’ 
—_ on mc the shareholders on the completion of 

e works. 


The Severn Bridge Railway Tunnel.—The contractors 
of this railway have succeeded in boring this tunnel near 
Lydney. The work was begun in opposite directions, and a few 
days since a junction was effected. The entire length has 
been found to be 505 yards. Now that a passage has been 
male, it will doubtless facilitate the progress of the line 
between Lydney and the bridge. 


Newport-Abercarn Colliery Company (Limited).—This 
company has raised 40,000/. on debentures. The applica- 
tions made for the debentures exceeded, indeed, the amount 
available for subscription. 


Tron for Brazil.—Shipments of iron are still being made 
at Cardiff for Brazil. 


Trade at Merthyr Tydvil.—Large quantities of coal 
continue to be sent away from Dowlais, Cyfarthfa, and 
Plymouth. Even in small coal there bas been more move- 
ment than hitherto. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig Iron Market.—Thursday’s market was 
steady at from 58s. to 58s. 5d. cash. Warrants —— 
hands on Friday forenoon at 58s. 6d. cash, the market 
closing with sellers at that price, buyers 1}d. J ton less. 
The afternoon market continued quiet, and the prices re- 
mained unaltered from the forenoon closing quotations. 
There was a marked degree of dulness on Monday fore- 
noon and little business ‘was done. From 58s. 6d. to 
58s. 44d. one month fixed was , also 59s. 6d. for 
eleven days, closing sellers 59s. 44d. cash, and 59s. 6d. one 
month open, buyers 14d. per ton less. No business was re- 
ported in the afternoon, and prices remained unchanged. The 
market was steady yesterday forenoon, but at lower prices. 
A moderate amount of business was done at 58s. 1}d. cash, 
and at 58s. 3d. one month open and fixed, closing buyers 
over, sellers 58s. 44d. Coltness and Dalmellington brands 
were reduced in price 1s. per ton. This forenoon’s 
market was steady, and a good business was done at 
58s. and 58s. 14d. prompt cash, closing ers at the 
higher, with buyers at the lower quotations. Very little 
change took place during the afternoon ; buyers at the 
close offered 58s. 1}d., and sellers asked 38s. 3d. cash. 
Several speculative transactions for four and six months 
took place. Warrants are now much in the hands of out- 
side speculators, and hence an irregular market is looked 
forward to, due more to the influence exerted by the specu- 
lators than by the state and prospects of trade. While there 
is but little hope of prices advancing this year, it is quite 

















apparent that the anticipations for next year are at present 
favourable, and although it is not so strong there is still a 
disposition to invest. me marked brands, though not 
officially reduced in price, are to be had from dealers con- 
siderably under makers’ quotations, the holders bei 
anxious to clear out from fear of further reductions. Las 
week’s shipments amounted to 7880 tons as against 
9786 tons in the corresponding week of last year. “Up to 
last Friday evening there were 98,397 tons of pig iron in 
Messrs. Connal and Co.’s warrant stores, the increase for 
the week being 697 tons. 

The Scotch Blast Furnaces.—One furnace has been 
blown out at Calder Iron Works, thus reducing the number 
at present in blast to 116, as against 114 at the same time 
last year. 

The Malleable Iron Trade.—Manufaciured iron is still 
in fair demand, but prices are a shade easier ; still iron is 
not likely to be pressed on the market in the mean time, as 
most of the manufacturers’ order books are quite filled 
for the present year. All the mills and furnaces are kept 
well employed. 

Edinburgh Association of Science and Art.—The ordi- 
nary monthly meeting of this Association was held in the 
Society of Arts Hall, George-street, on Monday night. 
There was a good attendance, and Mr. J. E. Vernon, the 
President, occupied the chair. Among the papers read 
were one on ‘‘The Mode of Clearing Timber Tracts in 
Russia, and Forest Influences on the Rainfall,’’ by Mr. 
George Easterbrook, Yambourg, St. Petersburg ; one on 
** Krapp’s Silicate Cotton for Covering Steam Boilers, &c., 
on Stewart’s Patent Principle,’? by Mr. D. A. Cormack, 
consulting marine engineer and surveyor, Leith; and one 
on ‘* The Use and Abuse of Tallow in Steam Boilers,’’ 
Mr. Alexander Morrison, boiler inspector to the North 
British Railway Company—the last communication giving 
rise to a long discussion, in which some difference of opinion 
was expressed. 


Institution of Engineers and Shipbuilders.—The second 
ordinary meeting of the Graduates’ Section of this Institu- 
tion was held last night, Mr. James Anderson, vice-presi- 
dent, in the chair. The silver medal awarded by the 
section was presented to Mr. James Davie for his paper 
read last session ‘‘ On the Efficiency of Heat in Boilers and 
its Work in Engines.”’ The medallist made a suitable 
reply. Mr. Matthew Prior, of Sheffield, then resumed the 
discussion on Buckley’s Patent Piston. He gave a brief 
account of its special advantages and mentioned a number 
of facts, the results of experience with the piston, which 
abundantly showed that the statements made by the Presi- 
dent in his opening address were in no way in excess of the 
trath. Mr. David Johnson, Mr. James Gilchrist, and other 
speakers took part in the discussion, and all spoke in very 
high terms of the merits of the invention. Mr. Gilchrist 
afterwards read a 4-4 descriptive of a nt compound 
condenser devised by Mr. Charles Mace, of Barcelona. It 
gave rise to an interesting discussion, the general tenour 
of which was that there was nothing specially novel in the 
invention. It was doubtless a good condenser without the 
expense and the complication of the ordinary system of 
surface condensation. Votes of thanks were awarded to 
Mr. Prior, Mr. Gilchrist, and the chairman, and the section 
then adjourned. 


Clyde Trust.—The ordinary monthly meeting of the Clyde 
Navigation Trustees was held yesterday. In the minutes 
of the Committee on Ferries of the 17th of November it was 
stated that the committee took‘up consideration of various 
plans of crossing the river. There was submitted plan with 
relative description of Mg ny roll bridge for crossing 
navigable rivers, patented by Mr. -Bruce, and the meeting 
having fully considered the same, were of opinion that the 
scheme was not suitable for the Clyde, as the piers required 
inthe river would prove an interruption to the shipping. 
The committee had also under consideration various other 
suggestions for the greater convenience of the public in 
crossing the river, and agreed that the best method. of meet- 
ing the requirements of the case, with the least interruption 
to the navigation, and at a reasonable cost, would be > 
providing an additional steam ferry-boat, adapted for bot 
vehicular and passenger traffic. The meeting then resumed 
consideration of Messrs. Simons and Co.’s boat, a model of 
which was formerly exhibited to the trustees, and had also 
before them plans by Sir William G. Armstrong and Co., 
showing a mode of working the ferry-boat traffic by means 
of hydraulic lifts, with steam pumping machinery, at a total 
cost of 18,7651. There was also read a memorandum from 
them on the comparative merits of the various suggested 
modes of dealing with the traffic at the landings; and the 
committee, before coming to a decision as to the oa the 
would recommend the trustees to adopt, agreed that bot 
plans be submitted to Mr. Bateman for his opinion, and 
the general manager was instructed to forward the plans to 
Mr. Bateman accordingly. The question of providing 
additional facilities for passenger and vehicular traffic at 
some distance west of Broomielaw Bridge has for some time 
excited a great amount of attention amongst persons who 
are more or less interested in business connected with the 
harbour in its lower parts. 


The New Dock at Burntisland.—The new wet dock 
which has been in course of construction at Burntisland 
during the last three or four years was formally opened on 
Friday last, 1st of December, by Provost Robertson, and 
the magistrates and town council {of Burntisland. There 
were present several directors, and most of the leading 
officials of the North British Railway Company, anda large 
representation of the Fifeshire coalmasters. Great hopes 
are entertained of the utility of the dock in developing the 
mineral wealth of the west of Fife. Hitherto the ship- 
ments of coal at Burntisland have never exceeded 160,0 
tons per annum. ‘This year the total will probably come up 
to 200,000 tons, but it is confidently expected that in sub- 





sequent years the total will not be less than 200,000 tons 
per annum, . 


The Dundee Water Works Contract.—The' Water Com- 
missioners of Dundee are still at loggerheads with the con- 
tractors who supplied and laid oc rand their new water. 
supply. There is still an unsettl im for about 20,0007. 

iginally Mr. J. W. Stewart, one of the engineers for the 
works, was to have been the referee, but the commissioners - 
wish to do without his services, and there’is now a pro- 
bability that they will settle the claim amicably, or by 
sem to some other party mutually chosen, or in a court 
of law. j 





THAMES VALLEY DRAINAGE.—We have recently noticed 
the action that has been taken, chiefly under the tion 
of Mr. Nelson, the City solicitor and chairman of the 
Hampton Local Board, in re; to the disposal of the 
sewage of the Thames ley below the intakes of 
the southern metropolitan water works deriving their 
supply from the Thames. Colonel Cox has issued his 
report resulting from a conference with the authorities. 
He states that the scheme for uniting for purposes of main 
sewerage, &c., of Kingston, Surbiton, Twickenham, Rich- 
mond, &c., seems to be of a practical character, and one 
which might be advantageously adopted. He accordingly 
advises that a formal inquiry should be instituted by the 
Local Government Board under the provisions of the 
Public Health Act, so that further information being 
obtained a final decision may be arrived at in respect to the 
formation of a combined district. It appears likely that 
this may become a solution of what has hitherto appeared 
an insoluble difficulty. 





Tue INsTrITUTION oF Civit Enarnrgers.—At the 
fourth ordinary meeting of the session 1876-77, held on 
Tuesday, the 5th of December, Mr. George Robert Stephen- 
son, President, in the chair, it was announced that the 
Council, acting under the provisions of the bye-laws, had 
recently trausferred Messrs. Frederick Morris Avern, Ex. 
Eng., P.W.D., India ; Peter John Bruff, Ex. Eng., P.W.D., 
India; John pon Gamble, M.A., Chief Engineer for 
Water Supply and Irrigation Works, Cape Colony ; Robert 
Trefusis Mallet, Supg. Eng., P.W.D., India; William 
Matthews, Westminster ; and Robert Hunter Rhind, Ex. 
Eng., P.W.D., India, from the class of Associates to that 
of Members, and had admitted the following candidates as 
Students of the Institution, namely, Messrs. Robert Ander- 
son, William Robert Bagley, Edgar Frank Barry, Edward 
Herbert Blackburn, George Rudolph Bodmer, Palmer 
Augustus Bourke, B.E., T.C.D., Ralph Henry Browne, 
Charles Ernest B , John Adye Buchan, Charles 
Edward Carden, Jesse Fairfield nter, William Richard 
Hopkins Chipperfield, Gosnes ames Clark, Charles 
Hamlet Cooper, Robert cre . William Henry 
Robinson Crabtree, William Santo Crimp, Joseph Cox 
Dear, Herbert William Edlin, iam Henry Fisher 
Henry Walter Ford, Singleton Goodwin, Henry Ha ood 
Jones, William Barrow Kendal, Henry Ashworth Lucas, 
Allan Arthur Grenville Malet, Henry ig xd Marks, 
Leonard Swaine Mortlock Marsh, Horace Richard Mar- 
wood, an ag Barker Mercer, William Burton Saville 
Mills, Hugh Hamlyn O’Connell, Christopher William 
Page, Charles Berkele rane Edgar Philip Rath- 
bone, Alfred Richard ett, John Augustus Thompson, 
Gerard Philip Torrens, John Clough Vaudrey, Otto Weiss, 
Edward Wilson, and Richard He Woods, B.E., T.C.D. 
The first ballot of the session resulted in the election of 
forty-six candidates, of whom nine were Members, viz. : 
Messrs. William Carson, Engineer to the Wallasey Local 
Board ; Thomas Rhodes Frith, Resident Engineer, G.S.R., 
Yass., New South Wales; Hubert Garbett, Ex. Eng. 
P.W.D., India ; William Inglis, Bolton; James Kitson, 
Jun., Leeds; John Napier, G W ; illiam Milnor 
Roberts, New York ; Robert Robinson, Darlington ; and 
Frederick Thomas Granville Walton, Resident Engineer, 
O. and R. Railway, India; and thirty-seven were As- 
sociates, viz-, Messrs. William Ashdown, Assist. Eng., 
P.W-D., India; Thomas Bevington, Gracechurch-street ; 
Se et ere, moet Wk. Sak ton 

ilwa pt. ; ‘aylor ,» M.A., Stud. . 
C.E., yp Ae 4 Eng. Birkenhead Docks ; Charles Frederic 
Call, Lieut. R.E., Ex. Eng., P.W.D.. India ; Samuel Uooke, 
M.A., Professor of Chemistry and » Poona Civil 
Engineering College ; John Corbett, M.P., Droitwich; 
Dayid Cowan, Chief Engineer to the Tharsis Mines, Spain ; 
Griffith Nathaniel Cox, Stud. Inst, C.E., Kingston (Jamaica) 
Water Works; Robert Davidson, Town Surveyor, Lea- 
mington ; Basil Pym Ellis, Westminster ;° Christopher 
Sullivan Feltrim Fagan, Lieut. R.M’L.I., Japanese 
Government Ry. Dept.; Maurice Frederick Fitzgerald, 
Stud. Inst. C.K, St. a William Henry Gibbs, 
Westminster ; James Geo @ Glass, Ex. Eng., 
P.W.D., India ; Theodore Graham Gribble, Tottenham ; 
John Hayes, Resident Engineer, Netham Chemical Com- 
pany, Bristol; William Southwood Hedgman, Upper 
Ground-street ; Thomas Hewson, Borough wn en bal 
Rochdale ; John Albert Reinhold Hildebrandt, Manchester ; 
Washington Hume, Assist. Eng., Buenos Ayes and 
Campana Railway ; James Charles Inglis Stud. Inst. C.E., 
G. W. B. Plymouth ; John William James, Kimberley 
Diamond Fields, South Africa ; Owen Jones, Stud. Inst. 
C.E., D.P.W., Brisbane, Queensland; William Gibbs 
Kerle, Resident Engineer, New Zealand Government Rail- 
ways ; Llewellyn het Town Surveyor, Bilston; Henry 
Eugene MacMahon, Stud. Inst. C.E., Brompton ; William 
Frederick Mayes, Ceylon Government Rail ways; Nicolas 
Outine Westminster ; Charles Preller Sheibner, Ph. D., 
Bradford; Frederick Slade, Barrow Docks; Charles 
Henry Sparkes, Ceylon Government Railways ; Thomas 
Lanfoar Tanner, Assist. Eng., P.W-D., Bengal; Walter 
Thomas, Stud. inst. C.E., Manchester; Thomas Debell 
Ish, Tithé Commission ;‘ John 





We Hamilton Wicksteed, 
Stud. Inst., C.E., Leeds; and George Nicholas Yourdi 
Resident Engineer, Upper Barden Reservoir, Skipton. 








492 


ENGINEERING. 


{[Dec. 8, 1876. 








RAILWAY STATION ROOFS. 

Messrs. AnpREw Hanypsrpe anv Co., of Derby and 
London, are at present engaged in making the iron roofs of 
four railway stations, all of some importance and interest. 
At Glasgow, for the Union Railway at the new St. Enoch’s- 
square station, the roof is a large single span of 198 ft. 
and 518 ft. long, of somewhat similar construction to that 
of St. Pancras, London, which is 240 ft. span and 689 ft. 
long. The main ribs in the Glasgow roof weigh 37 
tons each, and the total weight of ironwork is 1460 
tons. Mr. Blair (since deceased) was the engineer under 
whom the construction of this station was commenced. 
Messrs. Handyside and Co. expect to finish the ironwork 
soon after Christmas, and the station will be completed 
during the summer. At Manchester the three railway 
companies, the Midland, the Great Northern, and the 


Manchester, Sheffield, and Lincolnshire, are about to 
build a large joint station under the superintendence of 
Mr. Charles Sacré, the engineer of the last-named com- 
pany, and have ordered from Messrs. Handyside and Co. 
the iron roof. This roof again is of the same kind as at 
St. Pancras, but larger than at Glasgow, having a span of 
210 ft. and a length of 550 ft., the weight of ironwork 
being no less than 2400 tons. This station is to be com- 
eted in 1878. At Middlesbrough a new station is 
constructed for the North-Eastern Railway Com- 
pany from the designs of Mr. W. Peachey, architect to 
the company, and the roof, which Messrs. Handyside and 
Co, have been making at Derby, is now nearly all erected 
by them at the site. 

From advance proofs of the new edition of Mr. Ewing 
Matheson’s “ Works in Iron” which is to appear at 
Christmas, we have the following particulars of this roof : 

“ The station is 809 ft. long, covered for 180 ft. of that 
1 by two spans, one of 74 ft. (in the clear), and one 
of 48 ft. 2 in., and for the remainder by the larger span 
only, this arrangement being shown in the plan, Fig. 2. 
The arches are pointed in a somewhat Gothic style, and 











| 


are not tied or trussed, the thrust outwards being taken | 


by the walls, which are sufficiently buttressed by outer 

ildi not shown in the engraving. In the plan, Fig, 2, 
the thick lines show main ribs, the thin lines intermediate 
rafters, and the dotted lines purlins. The main ribs are 
placed 20 ft. 2 in. apart, and spring from stone columns 
or pilasters attached to the walls, and from pairs of iron 
columns where the two spans meet. The pairs of iron 
columns are connected longitudinally by wrought-iron box 
girders pierced and ornamented with pater, and with or- 
namental cast-iron 5 ils, filled in as shown in Fig. 3. 
The ribs for the 76 ft. span are formed as tri ted ribs 
2 ft. deep, with 12 in. wide, the upper e being 
composed of two plates j in. thick, rivetted to a T iron 





5 in. x 4 in. X $ in. and the lower flange of one plate 
# in. thick attached to a similar T iron. The diagonals 
are chanuel bars 24 in. X 1} in. x }in. There are eight 
lines of purlins in the large span, each made as a lattice 
girder 1 ft. 6 in. deep, widened out at the ends to the 
width of the arched ribs which it intersects. Upon the 
— are placed intermediate rafters, which are single 

bars 4 in. X 4 in. x $ in., the feet of these rafters rest- 
ing at one side on the wall, and on the other upon the 
girders between columns. At the crown of the arch is a 
raised ventilating roof as shown in Fig. 1, formed of cast 
iron spandrils placed on the main ribs, having wood louvres 
at the sides, and covered by slate on timber rafters. From 
the springing to the second line of purlins the roof is 
covered with slates on boarding, and from these upwards 
to the sides of the ventilating roof by glass in iron sash- 
bars. The glass covering terminates at the distance of 





Fic. 3. 


one bay from each end, the portions thus left being 
covered with zinc upon boarding. The main ribs for the 
43 ft. span are similar to the large ribs but smaller, the 
rib being 18 in. deep, and the flange plates 9 in. wide. 
There are six lines of purlins, but these are only 1 ft. 
2 in. deep, the intermediate rafters being similar to those 
in the larger span. At each end of the station two main 
ribs are placed close together to carry the screen, These 
screens are formed of wrought-iron framing glazed wooden 
sashes, and reach to within 15 ft. 3 in. of the rail level. 
There are some small side roofs, and other minor struc- 
tures, but exclusive of these, the weight of the ironwork 
described above is as follows: 


tons. 
Tn main ribs for large span ... 155 
»» purlins ,, - oy des 55 
»» intermediate rafters for large span 20 
», Ventilator and other ironwork ... 26 
»» main ribs for small span ... 30 
” pur: i ” ” eee tee 20 
,» Intermediate rafters for small span 9 
»» box girders between columns _... 10 
,», other ironwork __... we ~ 5 
Eight pairs of cast-iron columns ... al 20 
Cast-iron spandrils between columns an 
longitudinal ~) between principals 52 
The gutters are of lead. 


A new terminal station is being constructed at Cape 
Town, South Africa, under the superintendence of Mr. R. 
E. Brounger, engineer to the railway company there. The 
same type of arched roof as at St. Pancras has beon 
adopted but on a small scale, as the span is but 77 ft. and 
the length 256 ft. 9 in., divided into 13 bays of 19 ft. 9 in. 
In this case a few manufacturers were asked to submit 
designs to Mr. C. H. Gregory, who acts for the railway 
company in England. The design of Messrs. Handyside 





and Co, was accepted, they having reproduced, with cer- 


tain modifications, the roof over the Drill Hall at Derby 
which they erected in 1870. The Cape Town roof will be 
covered by zinc on boarding, except at a raised ventilat- 
ing roof in centre, which will be covered with glass, The 
ironwork will weigh nearly 200 tons, 





FOREIGN AND COLONIAL NOTES. 

Steel Rails in France—The Creusét Works have just 
secured an order for 20,000 tons of steel rails to be delivered to 
the Eastern of France Railway Company in the course of 
1877. The contract price for these is 92. 5s. 6d. per ton 
delivered at Gray. A large order for steel rails secured b 
the — Works in August was concluded at 91. 16s. 8d. 
per ton. 


Rivers in Maranhao.—The Brazilian province of Ma- 
© possesses 18 rivers, many of them being navigable 
for long distances. The most important of these rivers 
are the Parmahiba, on the boundary line with Piaahy, 
which is navigable—although with some obstructions—for 
nearly 250 leagues ; the Itapicuru, 150 oa long ; the 
daré, 80 leagues long; the Turiassie and the Gurupy. 
There are also many deep lakes which afford facilities for 
transport. 

South American Telegraphy.—Direct telegraphic com- 
munication has been established by cable between Val- 
paraiso and C a 

French Steam Navigation.—In January, 1861, France 
possessed 314 steamers of an te burthen of 68,025 
tons, and a combined force of 32,362 horse power. In 


January, 1875, the em mew | totals had risen to 522 
steamers of te burthen of 194,546 tons, and a com- 
bined force of 68,495 horse power. The mercantile steam 


= France would thus appear to have increased only 
at av rate of fourteen steamers per annum. The 
favourable field for the operations of French steamers 
would appear to be the Mediterranean. 


Gas at Philadelphia.—A commission appointed to ex- 
amine the Philadelphia Gas Works, on the Schuylkill, and 
to report in what manner relief can be obtained from the 
odours evolved from a lime, yellow smoke, escaped gas, 
&c., have submitted their sapedk The commissioners ex- 
press their opinion that the odours from spent lime may be 
entirely obviated by either of two methods. In the first of 
these methods, the oxidation of the spent lime is effected 
within the purifiers by drawing through a current of air 
for a sufficient length of time. The volatile and offensive 
products evolved are disposed of by subsequent scrubbers 
and supplementary purifiers. The second method consists 
in the substitution of iron oxide for lime as the purifying 
agent. 

The German Navy.—The German screw corvette 
Elizabeth, 1976 tons burthen, and 400 horse power, carry- 
ing a crew of 308 men, is being got ready at Kiel for a 
two years’ voyage round the world. She will first touch 
at Madeira, then at the Cape of Good Hope, Rio de Janeiro, 
the Dutch possessions in the East Indies, China, Japan, 
and perhaps Australia, returning vid Cape Horn and the 
coasts of North and South America. 


Steel Rails in Germany.—A contract is about to be let 
at Dresden for 9000 tons of Bessemer steel rails to meet 
the requirements of the German State Railways. 


The Delaware and the Schwylkill.—Work is about to be 
commenced for deepening the channels both of the Dela- 
ware and the Schuylkill. The Delaware at Port Mifflin is 
to be dredged to a depth of 22 ft. at low water, and the 
channels on the Pennsylvania and New Jersey sides of the 
river are to be connected by dredging to that depth the 
bar between them. It is estimated that the removal of 
about 150,000 cubic yards of earth will be my my The 
improvement of the Schuylkill contemplates the ging 
of a channel 150 ft. wide and 24 ft. deep at low water from 
the Chestnut-street bridge to the mouth of the river. The 
work to be immediately yaad will be the dredging of the 
section of this channel from the mouth of the Schuylkill for 
2000 ft. up stream, the present depth being about 20 ft., 
and the removal of about 60,000 cubic yards of earth being 
estimated as necessary to give the channel a depth of 24 ft. 


Telegraphic Progress in New Zealand.— During the 
year ending June 30, 1876, 118 miles of line carrying double 
wire and 50 miles of line ing single wire were erected 
in New Zealand, while 355 miles of wire were added to the 
original lines, making a total addition of 721 miles of wire. 
New Zealand has now 142 telegraph stations, 15 of which 
were opened in 1875-6. The aggregate length of telegraph 
line maintained in New Zealand last year was 2980 miles, 
the average cost of maintenance being 51. 18s. 10d. per 
mile, This was exclusive of. 33641. expended’ in the repair 
of the Cook’s Strait cable. The nominal strength 
of the New Zealand Telegraph Department June 30, 1876, 
was 567, against 509 June 30, 1875. 

American Locomotives.—The value of the locomotives 
exported from Philadelphia in the year ending June 30, 
1876, was 218,650 dols. 

Trestles on the Central Pacific—Some of the less im- 
portant trestles on the Central ific were filled during the 
past year, and where required, culverts were built in their 

laces. This year the high trestles at New Castle, Auburn, 
vell’s Mill (two), Cli Gap, and Secret Town have also 
been filled. Mr. S. S. Montague, the chief engineer of the 
Central Pacific, thinks it will also be advisable to fill about 
one-third of the long trestling across the San Joaquin 
bottoms (western division). It will not be necessary to 
complete this work during the next few months, but Mr. 
Montague considers that it should be carried through before 
any general repairs are needed. 

South Australian Telegraphy.—Telegraphic communica- 
tion was completed in September between Moonta and 
Edithburgh, Yorke’s Peninsula, South Australia. 
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IRON MAKING IN THE EAST OF FRANCE 
AND LUXEMBOURG.* 
(Continued from page 475.) 

Chimney at Pompey with Ferbeck Bricks.—The chimn 
at Pompey is built of special bricks from Messrs. Ferbec 
and Co., at Aix-la-Chapelle. It was originally intended to 
build it of home-made bricks, manufactured on the spot in 
the Belgian manner; and with a height of 164 ft., anda 
diameter of 7 ft. 3 in. at the top, the following quantities 
would have been used : 


cub. ft. 
Béton (concrete) ‘ 5,648 
Rough masonry ... oh ee ap 3,000 
Dressed masonry ... 1,059 
Belgian bricks A 10,590 


But I had doubts about the resistance of these bricks, 
and knowing the system of building with Ferbeck bricks, I 
made use of them, and I obtained with less material a 
larger section, because the bricks being jointed into 
— ¥ other, the usual thickness of the chimney could be 
reduced by one half. The chimney consists of a founda- 
tion 15 ft. 9 in. high, with a base 19 ft. 8 in. high, and 
a shaft 152ft.3in. The shaft is of circular section, and is 
8 ft. 103 in. in diameter at the bottom, and 8 ft. 24 in. at 
the top. The foundation consists of a mass of concrete 
3ft. 3in. high, resting on a sand bottom; on this is 
built solid ordinary brickwork, then brickwork of red 
bricks. At 9 ft. 2 in. under the ground level the chimney 
is joined by two flues 8 ft. 2} in. high. The socle has eight 
faces ; the base, the cornice, and the angles are of a grey 
stone, the remainder is in brick.! The thickness of the 
wall is 294 in. Above that ins the shaft with special 
bricks (thickness at bottom 19 in., and at the top 6} in.). 
The first part of this shaft (50 ft.) is formed of two rings of 
voussoir bricks, and iron rings, 7 ft. apart, are placed inside 
the brickwork between the two rings of bricks. The 
55 ft. 9in. which follow are constructed by means of 
bricks which have their ends morticed one into the other. 
The thickness is that“of two bricks, and the morticing 
occurs at the central joint. Above this, and up to the top 
of the stack, the wall is but one brick thick. ‘These bricks 
have grooves on one of their horizontal sides, which corre- 
spond with the projections of the pi ing layer, and 
which thus join strongly therewith. Above the height of 
50 ft. the iron rings, six in number, are placed outside. 
The top of the stack is secured by a layer of cement. The 
following are the quantities used in the building of the 
chimney (Ferbeck’s system) : 


ft. in. 

Total height ... Ta aa 170 Tt 

Inside diameter at the top ... 8 2} 

cub. ft. 
Concrete 5648 
Rough Masonry 2647 
Belgian bricks 1588 
Dressed stones 882 
Special bricks _ 
Inside rings, iron 2706 
Outside - 1091 
Total 3797 


It is easy to deduce from the two Tables that in the build- 
ing of large stacks the Ferbeck bricks give a saving over 
the ordinary bricks of the district. To this advantage must 
be added the more important one that they give a 
solidity such as is possessed by no ordinary chimney. 
Lastly, as to quality, these bricks have an exceptional 
hardness and a glassy structure, which protects them 
against damage by frost. 


Gas UPTAKE AND CHARGING APPARATUS. 

The position of the gas uptake is closely connected with 
the mode of charging. With regard to myself, I consider 
that the gas uptake ought to be central, especially with 
large furnace tops, and that this is sufficient without the 
charging cone, if well arranged. 

Coingt’s Apparatus.—Since the year 1855, M. Coingt, 
with his apparatus at Aubin, had the merit of settling the 
true principles involved. He wanted to collect the gases 
without a noticeable interruption of the efflux ; to take them 
all, and to draw them from the walls of the shaft; and as 
a happy consequence of the arrangement of the central 
ascending tube, he introduced necessarily the mode of 
——o the circumference, and the annular descent of 
materials which cause the best repartition for the obtaining 
at the boshes layers less disturbed, whilst elsewhere the 
maximum volume has to be given to the charges. 

The Coingt apparatus has beep roached with being 
complicated, apt to get twisted by the heat, and to be liable 
to explosions. I have not had an opportunity of judging of 
it by experience, but I am surprised it should not have 
spread, evenif modified in its details. I had several times pro- 
posed its application to furnace tops of less than 9 ft. 10 in. 
in place of bell and cones, of which I knew the numerous 
inconveniences, when my attention was called to Minary’s 
and to Langen’s apparatus ; I employed both nearly simul- 
taneously. 

Minary’s Apparatus.—This apparatus was described in 
the seventeenth volume of the Publication Industrielle, by 
Armengaud, and besides this it has been the subject of a 
note of M. Resal, inserted in the Annales des Mines, vol. 
vu. The object of M. Minary was to take account of the 
difference of the angle of stability of coke and ore, and to 
guide the movement of the materials according to the 


* Extracted and condensed from Note sur les recentes in- 
stallations de Hauts-Fourneaus dans Vest dela France, en 
serrate he _ Poy eer . Par M. H. Remaury, 

irecteur des fo e Pom eurthe-et-Moselle), Saint- 
Etienne : Veuve Théolier et ( A ‘ 

+ It was intended to have a height of 164 ft. lin., but 

there being enough bricks supplied, 6 ft. 6 in. were added. 








angles calculated, by means of a distributing cone pro- 
vided with a rev: cone. I found that the lower cone 
pierced with holes to let the gases through, and to lead 
them into a funnel by means of an arm of a lenticular 
shape, became obstructed in spite of protection plates, and I 
had to abandon it. However, at Athus, M. d’Huart, doin 
away with the lower cone, constructed a uptake wit 
which he is satisfied; he not only left the ae 
cone opened and free, but the arms th ves, whic 
connect the central uptake with the funnel, are not closed 
at the bottom, and the gas is collected from a great part of 
the surface. The furnace top remains always open, and 
the charging is done with trucks called Hayange trucks on 
three sides, which allows every point to be reached. I 
may add, because I do not know an instanceof heavier 
charges, that for a charge of 1} tons of coke, 9 tons of ore 
are put in for foun ig, and 9.65 tons for forge pig. It 
seems very little gas is lost at the top. 

Langen’s Apparatus.—M. Jordan, in a note inserted in 
the Annales des Mines, vol. vii., 1865, has recommended, 
with good reason, this apparatus, with which I have been 
so well satisfied, that I supplied it successively to several 
blast furnaces at the iron works of St. Paul and of St. Benoit, 
at Ars-sur-Moselle. It is successfully applied to furnaces 
of 35 tons, where a diameter of 9ft. 10in. at the furnace 
top is sufficient, and I have applied it to various diameters, 
from 8 ft. 4} in. to 10 ft. 8in. With these last dimensions the 
fixed cone, which rests on the furnace, was provided with 
movable plates of cast iron, moving on small planes in such 
a way as to prolong into the interior of the furnace the 
gliding of a part of the charge. These movable plates did 
not cover quite one-half of the reversed truncated cone which 
they formed by their ensemble. Their effect was well 
marked on the charging, and a very great regularity was 
obtained, care being taken to charge always to the same 
level. 

Charlottenhiitte Apparatus.—The furnace No. 2 of St. 
Paul at Ars, the top of which was 13 ft. 1} in. in diameter, 
was furnished with a charging apparatus and gas uptake of 
the Charlottenhiitte Iron Works, described in a note of 
M. Douvillé, mining engineer (Annales des Mines, second 
part, vol. xv., sixth series), in the following terms: -‘‘ The 
apparatus which has replaced the system of Langen, on 
account of the growing dimensions of blast furnaces, is 
composed of a flue made of plates, of which the upper part 
has the diameter of the top of the furnace ; it shows at the 
lower part a cast-iron turned flange, on which rests a 
conical cover, opening out from the upper to the lower 
part, and connected with a central pipe for taking up the 
gas by means of a water-joint.”” 

This apparatus is simpler than that of Langen, the 
moving of the cover, which is done from above to below, is 
very quick and easy; in short, the joint has a diameter 
considerably less than that of the top. 

Apparatus and Gas Uptake at Pompey.—The first blast 
furnace at Pompey is also provided with this charging 
apparatus, with an addition the effectiveness of which must 
be verified by experience. 

As to the gas uptake, I prefer with De Valthaire (Etwdes 
sur les Fourneausz, page 177), a slight pressure at the fur- 
nace top to the suction by a chimney, by which entry of air 
and explosions may result. The uptake at Pompey consists 
of a vertical ascending conduit pipe, of a large section, to 
take the gas with a slight pressure, and to allow the 
thicker dust in suspension to fall back into the furnace. 

At a height of 13ft. 7in. above the furnace top, the 
column of gas is divided into two currents in a horizontal 
pipe, also of a large section, which bends twice before it 
joins two vertical pipes, descending on each side of the 
furnace, and ending in a special purifier. Water is injected 
in the shape of rain at various levels to wet the fine dust 
and to make it fall into the purifier, from which it escapes 
with the overflowing water. 

Weight of the Charging Apparatus.—Later on I shall 
state the weights of the gas and blast pipes ; the following 
are the weights referring to the charging . : 


Double bell (cast and wrought iron) 6.22 
Beam (of double T-iron 12in.X6in.)  ... 2.08 
Trestle, supporting frame (of wrought 
iron LJ) 10in.X3.8in. ... se - 2.009 
Counterweight in pigiron ... 1.530 
Winch—cast iron 588 0.646 
” wrought iron .058 : 
Total oe 12.485 


SELECTION OF LIFTS. 

The situation of furnaces, even if close to the mines, is 
mostly dependent on the possibility of the supply of the 
enormous quantity of water which is necessary for them. 
They are, therefore, generally in a plain, near rivers, and 
within reach of mines with which they are connected in 
various ways according to circumstances. 

The blast furnaces of St. Paul at Ars are very favour- 
ably situated with regard to the ore, which arrives ona 
level with the furnace tops, which are connected by a bridge 
of wrought iron at the foot of the inclines; the ore and 
flux go down simultaneously on the same side, there- 
fore only the coke has to be lifted. A single hydraulic lift 
suffices amply for the feeding of two furnaces in blast, ont 
of three built}; it would serve easily the third. 

Hydraulic Lift.—The hydraulic lift has been and is still 
much used in the Moselle district. It is an economical ap- 
paratus ; a pump for ,its service may easily be attached to 
the blowing engine; there are generally two or three 
auxiliary pumps when the blowing engines stand still ; the 
useful effect is 60 per cent. at least without complicated 
mechanism; the chains or cables may also be easily 
regulated by ey “y in equilibrium ; lastly, if the 
arrangement op of tightening the brake by a 
counterweight, when the beam is in rest, the brakeman, 
who lifts the counterweight for the putting in motion, must 
be very clumsy if he cannot easily moderate the velocity, 





when letting the cage down gradually, besides, in case of 
accident, itis sufficient to have two spare cages quite ready, 
and then che repairs are soon made. 

Armstrong Lifts.—When the fashion came up in France 


of making the blast furnaces higher, after the example set 
by the great lish iron works, there was a to 
have also the lish lifts, and it is certain that for 


heights above 65 ft., this construction is required for in- 
creasing the elevating power and the velocity of ascension. 

There are two Armstrong lifts in our neighbourhood, one 
at Longwy, at M. d’Adelsward’s, ont the second at 
Hayange ; the last lifts 2.6 tons per platform. It seemed to 
me from the conversations I have had with M. d’Adelsward 
and with M. Geiger, vr at Hayange, that this system 
is costly and complicated in its construction and maintenance. 
I must acknowledge, if I had to choose between an Arm- 
strong and a pneumatic lift, I should prefer the latter if the 
construction of a large pit in a water-containing soil were not 
an obstacle. 

Lift at Neuves-Maisons —At the new iron works at 
Neuves-Maisons (Meurthe-et-Moselle), M. de Lespinato has 
erected a special lift moved by water under pressure, which 
ber designed by M. Barret, engineer of the docks at Mar- 
seilles. 

Allthe recently built furnaces in Luxembourg are served 
by steam engines acting like one of a windi shaft. 

Lift by Steam and Transmission. metimes the 
engine and its transmission of motion are placed opposite 
to the blowing engine in the same building. The cages are 
handled from above, and for this purpose the ropes pass 
over two pulleys with spikes over the tower of the lift, then 
they are wound and unwound on two drum pulleys moved 
by the engine. This is the arrangement of Messrs. Metz 
and Co., at Dommeldange and at Esch-sur-]’ Alzette. 

Sometimes, as at , there is only one drum, on 
which one end of the rope is wound, whilst the other runs 
off underground over two large ved pulleys in such a 
way as to draw the cages from below. OF course these are 
connected above by means of an iron chain, passing over 
two other pulleys atthe top of the tower. The result is that 
at Rodange the two cages are suspended by a chain, and the 
drawing is done from below the cages, whilst at Esch the 
cages are drawn from above, and each being direct on its 
own chain. 

This latter arrangement is generally preferred, being more 
economical in first cost and maintenance, and suppressing 
two gearing or suspending pulleys. It allows, besides the use 
of detents, stopping the cage when it is at the top during its 
discharge, and during all the stoppages, whilst that at 
Rodange does not admit of this safety apparatus, and the 
cage at the top, as it cannot be scotched during the dis- 
o—- or the stop, remains constantly suspended on its 
chain. 

Lift at Pompey.—The lift at Pompey is similar to those 
at Luxembourg. The engine has two cylinders; ‘con- 
nected, of 11.8 in. in diameter, and 15} in. stroke, this 
engine driving a main shaft, provided with a brake, and 
moving by means of an iron pinion a toothed wheel in the 
proportion of 8 to 1. The motion is also transmitted to two 
pulleys, 6 ft. 3in. diameter, fitted with wood, wei hing 
together 1.484 tons. The two sheaf pulleys, also fit 
with wood, 7 ft. 104 in. in diameter, weigh 1.855 tons. 

Under such conditions the machine can lift a net vgs ae} 
14 tons with a velocity of 3 ft. 3 ft. per second. It is 
in a special building on the first floor, on a flooring of 
wrought-iron joists, supported by cast-iron columns. ‘The 
ropes are of steel and 1 in. in diameter; the weight of a 
cage is about 1.4 tons; the wheelbarrows weigh, the one, 
704 Ib. for coke, the other 792 lb. for the ore. The cages 
are guided by wrought-iron rods, strongly fastened at top 


and bottom. 
(To be continued.) 





_ Port Avausta.—Port Augusta, the northernmost port 
in South Australia, is at the head of Spencer’s Gulf, 240 miles 
north-west of Adelaide. A weekly steamer plies between 
Adelaide and the intermediate ports of Lincoln, Wallaroo, 
Edinburgh, and Franklin harbour to Port Augusta, which 
has a population of about 700. The transcontinental tele- 
graph wire branches from the Port Augusta and Adelaide 
ym yd Stirling, a small township five miles east of Port 
ugusta. 


FRENCH AND ENGLisH TEXTILE MANUFACTURES.— 
Some oe agee and instructive details have recently ap- 
peared in an address sent by the Manchester Chamber of 
Commerce to the French Chambers of Commerce. From 
this it appears that since 1858 the special advantages then 

sed by the British manufacturer over the French 

ve gradually disappeared, and at the present time the 
French manufacturer may be able to compete with his 
British rival in neutral markets on equal terms. In 1858 
the cotton yarn and goods expo! to France were worth 
282,4517., and in 1875 they were valued at 2,225,590/. 
But the imports of the same articles into this country rose 
from 312,597/. to 537,6771. Hence the French can actually 





compete with us at home. As the total imports 
and exports, the articles im into England from France 
amounted in 1858 to 13,372,0001. and in 1875 to 46,729,0001., 

In 1858 the exports 


a increase of 352 per cent. 
from this country to France were valued at 9,250,0001. 
nearly, while in 1875 they amounted to 27,293,0001., or an 
increase of 300 per cent. Of the imports from France in 
1875 the value of cattle, corn, ougat, wine, and other 
articles of food was 19,000,000/. In 1858 France bought 
from us 70l. worth of goods for every'100l. she sold us 
whereas in 1875 she bought but 581. These facts tell 

i ile man , and taken with the 
observations recently made by Mr. Lowthian Bell duri 
his visit to the United States, in regard to iron, raw an 
manufactured, forebode many evil omens to our 

acturing industry in regard to the quantity and prices 

of our future exports. . : 
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SAMPLING ORES IN COLORADO. 
By T. Eareston, Pu. D. 

In assaying ores, either for purchase or to ascer- 
tain their value for the owners, it is very essential 
to have a sample properly taken. The European 
methods of doing this by hand are long and tedious, 
and with the high price of labour in Colorado ex- 
pensive. A great many attempts have, therefore, 
been made to do this work mechanically, and thus 
avoid the labour. Of the numerous expedients 
which have been devised for doing this work, some 
have been more or less ingenious and more or less 
successful. The object of all of them has been to 
secure directly from the crusher a given part—in 
most cases a tenth—of a ton of ore thoroughly 
mixed, so as to represent the average value of the 
whole. There are several ingenious ways of doing 





hopper. This hopper has a trough at the bottom, 
which is provided with a slanting shelf B at an angle 
of 50 deg., which is divided into nine equal q 
six of which open on to another inclined shelf G. 
At the end of theshelf B, an opening one-half times 
as wide as the openings in the shelf leads down to 
the discharging trough J. The shelf G has the 
same angle of inclination as the shelf B, but is at 
right angles to it, and is divided into ten equal parts 
with five openings. The ore which over this 
shelf is discharged into the slide J. What passes 
through it is discharged on to another shelf H at 
right angles to G, but with the same inclination and 
parallel to the shelf B. This shelf is also divided 
into ten equal parts with five openings, What 

over it goes to the discharge spout J, and what goes 
through it goes to the sample spout I, where it is 
collected, and the assay sample taken from it. 
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this in Colorado, two of which I propose to describe ; 
one being employed at the Lebanon Mine, under 
the direction of Dr. Pohle, and the other at 
Bennet’s Sampling Works. 

At the Lebanon Mine’ Company’s Works the ore 
from the crusher is raised by an endless chain, and 
is charged into a bin, from the bottom of which 
a funnel A, Figs. 1 and 2, 12in. high and 20 in. in 
diameter at the top, with an opening 2in. in dia- 
meter at the bottom, discharges the ore over the 
sampler BC. This funnel is covered with a coarse 
screen to keep out pieces of ore of toolarge a size, pieces 
of wood, leather, or any other material which should 
not pass over the sampler but which might be carried 
up by the chain. The sampler consists of a cone B, 
the apex of which is exactly in the centre of the 
discharge tube of the funnel, and 2}in. below it. 
This cone is 20 in. high and 24 in, in diameter at its 
base. At this point another cone C is securely 
fastened to it by its base, and from the small end of 
the lower cone a discharge pipe 2 in. in diameter 
leads to a wooden receptacle below. The upper 
cone has four holes at equal distances, these com- 
mencing at 10 in. fromits apex. They are ] in. wide 
at the top, and Sin. at the bottom, and 6in. long. 
All of the ore discharged into the upper funnel falls 
over this upper cone, and part of it passes through 
these holes, and falls into the receptacle, where it 
is collected. The size of these holes is such that the 
sample obtained will be 8 per cent. of the ore, 
They can, however, be arranged to give a larger or 
smaller supply by increasing or diminishing their 
size. It is necessary to have a considerable number 
of extra caps for the cone, as the ore falling con- 
stantly upon them wears them out rapidly, and 
they must be replaced. All of the ore which is 
discharged from the cone goes into a bin to be 
bagged for shipment, 

When the whole of the ore to be sampled has 
passed over the sampler, the first sample collected 
is thrown back again into the upper hopper, and 
this is repeated several times until it is reduced to 
about 40 lb, It is then through a sieve of 
40 to the inch, and the ordinary sample for assay 
taken of it. All the rest of the first sample is bagged 
to be sold or treated. 

_At Bennet’s Mill the sample is taken somewhat 
differently. The ore is raised to two Cornish rolls 
A, Figs, 3 and 4, from which it is discharged into a 
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The whole of the ore from the sampler is carefully 
made into a conical pile. From different parts of it 
with a motion tow the centre, and up and down 
from the bottom and diagonally across, samples are 
taken with a scoop Fig. 11. When the pile is 
very much broken and has lost its shape, it is 
turned over and reformed, and the operation com- 
menced again, and continued until the material 
collected amounts to a pailful. It is then poured, 
for the convenience of handling it, into an ordinary 
miner’s gold pan (Fig. 5), which is 16 in. in dia- 
meter at the top, 10 in. at the bottom, 3 in. high, 
and is then turned on to a box made of tin, 17 in. 
square, divided into 17 divisions lin. wide (see 
Fig. 6). Eight of these divisions have bottoms and 
catch the ore, and nine are open and allow the ore 
to fall on to the floor. When the box is filled with 
ore it is made even on the top, the residue fallin 
from the sides, if any, being carefully collected a 
put back into the pan, the box is then lifted, and 
what remains on the floor is returned to the ore bin, 
What remains in the box is put on one side. This 
operation is repeated until the sample is exhausted. 

hat has been collected in the boxes is now put 
through another box of the same kind ig. 7); 
which is 12 in. square, 3 in. high, and has 23 divisions, 
ten of which catch the ore. What remains in the box 
is put on one side as before, and the rest returned 
to the ore bin. The sample collected is thrown on 
to a sieve, which has a wooden frame 16 in, by 
12 in., and 44in. high. This sieve is three to the 
inch. What will not pass the sieve is broken on the 
cast-iron plate, which is 59 in. square and 1 in. thick, 
with a grinder, to which a backward and forward 
motion is given. This grinder is cast flat, but is 
rapidly worn, so has to have a rounded surface, as 
shown in Fig. 8. The ground ore is then returned 
to the box shown by Fig. 7, and put through two 
or three times, depending on the size of the sample. 
It will then have been reduced to 3 lb. or 4 1b, t 
has remained in the box is poured on to a sieve, 
which has a tin frame, and is 12 in, in diameter, 
34 in. high, and has 14 meshes to the inch. What 
does not go through is again ground, and is added 
to what has tesa . It is then thorough] 
mixed in the pan . 5, with a suitable shovel, 
and again put through the box shown by Fig. 7. 
The sample will now be reduced to a little less 
than a pint. It is emptied through the funnel, 








Fig. 9, into a can, and goes to the assay office. At 
the assay office it is still further reduced in bulk, 
The assay office sampler is like those shown by Figs. 
3 and 4, but it is much smaller, It is 7in. by 6 in. 
and } in. high, and has six divisions to catch the ore, 
and seven open ones. The sample is put through 
these until it is reduced one-half. Itis then ground 
with a small grinder (Fig. 12) on a cast-iron plate 
20 in. by 18in. and] in. thick, which is surrounded 
by a wooden frame which projects about 1 in. above 
the top, and fits it so loosely that it can be easily re- 
moved, The und ore is now put through a 
seventy-to-the-inch sieve, and is then ready for the 
ordinary assay. This method of sampling appears 
complicated from the description. It is, however, 
very simple, and the sample is very quickly taken, 
The method is very easily learned by any workman 
who has intelligence enough to work around a 


Fia. 6. 


qo en-n = 77 


















































Ooo neem 7 parr 











> 





B 


rduUUUULUU 





sampling mill. The apparatus required is ray in- 
expensive, and the sample is much more likely to 
earee the real value of the ore than samples 
Ww 


ich are taken in the usual way. 


MACHINE TOOLS AT THE PHILA- 
DELPHIA EXHIBITION.—No. XIII, 
MACHINES FOR PLANING Boarps. 

Unver the head of planing machines for wood 
can be classed a great variety of implements adapted 
to divers uses, differing in details and arrangement, 
but still operating upon one general plan, This 
class will include all that are called ‘ cylinder” 
planing machines for ‘“‘ surfacing,” a term ompeaet 
in the United States for thicknessing, flooring 
machines, moulding machines, and others, The ex- 
hibits were numerous and uniform in most respects, 
and it will be no mistake to assume that their uni- 
formity was the most guikiog, Satie to foreign 
visitors. In a group of inery of this kind 
collected from the various makers in E there 
would no doubt be more variation of design and 
arrangement between the machines of two 
makers, than there was in the whole collection at 
Philadelphia This remark of course applies to 
standard machines for planing, nearly all of which 

were substantially the same. 

It was expected on the part of most foreign en- 
gineers that many novelties would be seen, and 
where so much free invention is found in other things, 
that wood planing would not be an exception, hence 
we deem it proper to devote some space to what seem 
the principal reasons for a practice more uniform 
than in older and more conservative countries. 
In doing this we shall no doubt, as in the case of 
saw mills, find much to differ with, and perhaps pre- 
sent conclusions to which but few in will 
subscribe. The subject will lead to some notice of 
what may be called the lumber system of America, 
for on this depends much that is characteristic in 
American planing machine practice. In the first 
place the lumber is planed on American machines 
in a manner which in nearly all other countries 
would be called backward, that is, it is fed into the 
wrong end of the machine. There are many things to 
strengthen this impression besides the arrangement 
of the cutting devices, to be presently noticed, 

For instance, the countershaft which drives the 
cutting blocks is placed at the same end of the 
machines where the lumber is fed in, and a long 
extension is made, in some cases 6 ft, to 8 ft., to 
receive the countershaft and form a platform to 
guide the lumber into the machines, At the rear. 
or delivering end, of the machines, where it will 


seem more necessary to have su plat- 
forms, the machines are, to sso 0 Yeckanbuban’s 
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expression, “cut square off,” the last cutter being 
only from 1 ft. to 2ft. from the end, Any further 
support for the boards must be provided by plat- 
forms erected in the mills where the machines are 
set up. This comes from the cutting arrangement, 
which is invariably as shown in the diagram Fig. 32, 
in which a is # piece of lumber to be planed, ¢ is the 












































top cutter, c the lower one, and mm the side cutters. 
The cutter block a acts first, then the side cutters m, 
and finally the bottom one c, which is placed, as 
before mentioned, at the extreme rear end of the 
machines. In European practice the opposite is the 
most common plan, as illustrated in the diagram 
Fig. 33. Here a is the first cutter acting on the 
bottom, ¢ the side cutter coming next, and d the 
final one for thicknessing the board. 

Now the difference in these modes of operating is 
material and worthy of close consideration. We 
may not be able to point each and every difference, 
but will endeavour to notice what is most apparent. 
Thicknessing is invariably performed by the top 
cutters in both European and American machines, 
but the face side, or gauge side of the board, is the 
reverse in the two cases. Referring to Fig. 32, for 
example, the bottom side of the board a is the gauge 
or face side from which is determined or gauged 
tongues or grooves or any work performed by the 
side cutters m. ‘That is, the bottom of the board is 
employed as the face side, but the top is really 
the face side and the one which is laid upward for 
flooring, or outward for ceiling. 

If the board is too thin the want comes on the 
top, if the thicknessing cutters are changed the 
“match” is interfered with. In Fig. 33 the face 
side is on the bottom ; itis the first one planed, and if 
a board is too thin the want comes on the back or 
thicknessing side which is laid downward in floors, 
If either side is left unplaned it would be the top 
side in Fig. 33 and the bottomin Fig.32. The two 
modes of operating may be further explained as 
follows. The European idea is to first make a ‘‘ face 
side”’ on the lumber, as is done in planing by hand, 
taking off only enough material to form such face, 
which is afterwards employed as a gauge side, to 
regulate the side cutting and thicknessing. The 
oon idea * ro 3 first pope rs the board and 

en e it on the bottom an 8, gauging from 
the rough side, and as a last pats Son the 
bottom, which is what carpenters call the ‘“ back” 
of the piece. 

Which of these plans is the most rational and 
right in practical working we need not spend time 
in arguing, and we have produced the diagrams and 
explanations more for the purpose of accounting for 
American practice than as a means of comparing one 
method with another. We have not, however, 
finished with our comments on the operation of the 
machines. Let Fig. 34 represent asection of a floor 
board with a tongue and groove formed in the 
usual manner. Let a represeit the gauge or face 
side, the one laid upward when the b is placed 
in a floor. Now to work the tongue ¢ and the 
groove i from the bottom side ¢ of the board, and 
when this side is rough and has not been planed, 
seems unmechanical and wrong, but supposing that 
even this were admissible it seems strange that the 
thicknessing and facing should be done together. 
A face side must be at any rate, and it would 
seem that regardless of thickness this face side 
should be first planed, and should be done with the 
under cutters, which always work best. 

The thicknessing of such lumber is a rough 
operation ; the amount cut away varies greatly, 





especially in American lumber, and to attempt to 
form a good face side at the same time as thickness- 
ing is done, is to fail in =< good surface. 

As a matter of fact the working of American 
flooring machines is precisely what the theoretical 
inference will point out. By looking around in the 
Exhibition building, one might see here and there a 
board in the floor which was not planed, and did 
not come “ flush” on top ; instead of furrowing up 
from below, as would be the case in Europe. Suc 
thin boards must be laid with the wanting and rough 
side up, because the machines have worked the 
tongue and groove from the bottom. The flooring 

ae ne is rough also, so rough that it would not 
find a market in Europe without a reduction for 
inferior working. This last we do not present as an 
argument of great weight, because there is not much 
reason for having floor boards planed smooth and 
glossy, as they are left by fixed plane irons. Such 
planing is more to avoid pulling out knots and cross- 
grained wood then to produce smooth surfaces ; yet, 
in fact, such surfaces have much to do with the 
commercial standard for flooring. In attempting 
to find out some reason for this mode of operating 

laning machines in America, we have hit upon 
but one, which is that in many cases the boards 
are not planed on the back or under side, and 
consequently the thicknessing and facing have 
both to be done with the top cutter. ‘A poor 
excuse is better than none,” and we fear the maxim 
applies here, because it certainly does not take much 
power nor waste much material to form a face on 
the bottom, and if a board is too thin the top or 
thicknessing cutters will, at any rate, do no harm. 

One more thing we will mention in regard to this 
American mode of planing floor boards. The thick- 
ness cannot vary. When the top cutter is once set, 
it must remain at one point, or else the worked 
lumber will not match. Ifthe lumber is found to 
be thin, and that a slight change of thickness would 
be expedient, such change cannot be made because 
of interfering with the match or face side of the 
boards. Such slight changes are possible, and are 
often made in working European machines without 
interfering with the lumber in any way to cause 
trouble. Itis true floor boards are nailed down 
firmly to joists or beams, and if thick and thin boards 
were mixed together, it would cause much expense 
and trouble to ‘‘ furrow” up beneath ; still a change 
of thickness is possible in one case and impossible in 
the other. Ifa small part of the wood wasted in 
sawing in America was saved to enable planing on 
both sides, there would be no reason for dressing 
on one side only. 

Thus far our remarks have been fault-finding, and 
there remain some other things to be noticed which 
seem to us wrong in planing wood, but we do not 
wish to be understood as arguing that the makers 
of planing machines do not understand the different 
methods of working that have been pointed out, 
They may or they may not; it is strongly suspected, 
however, that the matter is controlled by the 
timber men, as they are called, those who buy and 
operate machines. In Europe it is customary for a 
firm to employ an engineer, or at any rate advise 
with one in the arrangement of manufactories and 
in the purchase of machines, but in America this is 
rarely Teena every one assumes to know all about 
their own business, and instructions or plans for ma- 
chines are often dictated by those who purchase. 
The want of technical education among wood work- 
men leads them to look upon the processes of planing 
as matter of experiment or chance, and hence the 
groove in which all opinions move. Some general 
Vi would | to considerable change no 

oubt. 

As already said, the lumber system lies at the bot- 
tom of many features which are characteristic in 
American planing machines ; their width for example 
Nearly all the machines exhibited were arranged to 
plane 2 ft. or more in width, and unless they had such 
capacity could not be sold. The deal system exist- 
ing, as we believe, in all other countriesis not known 
or at least is not used in America, and thousands of 
pounds of useless capital is often required in keeping 
a stock of ‘‘ dimension stuff,” from which selections 
can be made without sawing. This accounts for 
many things peculiar in the planing machinery 
employed; the lumber received at planing mills is 
already sawn to rough dimensions, generally 1 in. 
thick and as wide as ible. 

The top or thicknessing cutters are generally 
driven by two belts 4 in. to 5 in. wide, the aggregate 
being 8 in. or more in width. This feature, which 
is generally pointed out as one indicating the capacity 





of the machines, if more fairly construed means a 
waste of lumber ; it is true that the width of belts 
must depend on the width of the lumber planed, 
other conditions being equal, but 8 in. in width of 
belting to plane a flat board 2 ft. wide is going 
almost too far. European machines we think, on the 
other hand, are generally deficient in belt power, 
the belts are too narrow and generally strained too 
much, but the American plan seems an excess in 
the other extreme, but perhaps not for the irregu- 
larity of the lumber which has to be dealt with. 

Following the effect of this wide lumber system 
still further we may see its effects in the arrange- 
ment of feeding rollers, the bearings of which are 
made to yield at each end independently, that is, 
the two ends raise or lower independently to some 
extent, to accommodate boards of uneven thickness 
at the two edges. The top rollers being driven by 
wheels and the plane of their axes liable to vary 
from that of the lower rollers or the driving shaft, 
it is easy to imagine the effect upon the gearin 
which connects the rollers, The wheels employe 
are generally of coarse pitch and narrow face to 
prevent “jamming.” This independent yielding of 
the ends of a top roller may be of some importance 
in American machines, especially if two boards are 
planed at one time, but for lumber of 14 in. or less 
in width such complication is, we think, useless, and 
the rollers are better hung in plain swing frames, 

Many things in the construction of American wood- 
planing machinery are deserving of careful study ; the 
cutter blocks, journal bearings, adjustments, and 
proportions with other things seem more carefully 
schemed than in European machines, The amount 
of metal employed for frames bears, as a rule, some 
regular proportion to the amount of strains and the 
nature of the work. In all cases, or. nearly all, the 
frames are very light, but are modified relatively as 
the case demands, One may sometimes see in 
Europe asmall auger mounted in framing strong 
enough for a circular saw spindle, but in the United 
States never. 

The space at command will not permit a separate 
notice of planing machines for profile work or mould- 
ing machines as they are generally called. Some of 
the remarks made in respect to planing machines 
apply equally to those for mouldings, especially as 
to the arrangement of cutters. Un the whole, how- 
ever, moulding machines are better than those for 
planing boards, because less modified to suit the 
lumber system before explained. In respect to 
workmanship, there is much more diversity than in 
design, Some of the machines exhibited were ex- 
tremely well fitted, and some of them very far from it, 
the quality of the fitting being generally inversely as 
the amount of ornament. There is perhaps some pre- 
judice in this opinion, and if so we trust it is excus- 
able, The best exhibits were wholly without 
ornament, either of gaudy colours or filigree work 
in iron; but others, possibly well fitted, were like 
Joseph’s coat, and, worse than all, were varnished, 
so that by reflection every imperfection in cast- 
ing was e erated, while finished parts, including 
the nickel plating, were scarcely noticeable in the 
glistening effect of the varnish. Of the perform- 
ance of planing machines one is scarce able to form 
an opinion from experiments made in the Exhibi- 
tion, The lumber was for the most part soft and 
generally free from knots, quite different from 
what has in most cases to be planed in Europe. 
The rate of feeding was perhaps faster than on most 
of the machines employed in English saw mills, but 
much less than is common in the mills of North 
Europe. This can be readily imagined because fixed 
knives are not used, and the rate of feeding has 
to _be governed by,the speed of the rotary knives, 

In respect to fixed knives we, however, incline to 
the opinion that for flooring at least it is best to avoid 
them, if the lumber be clear enough, so that a toler- 
ably good surface can be made with rotary knives 
alone, With the clear soft pine, which forms the 
pone share of the lumber planed in America, even 
for flooring, there is but little trouble in maintain- 
ing knives, gearing, and other details of planing 
machines, and whether a feed of 80 ft. to 90 ft. a 
minute, which would be possible with fixed knives, 
would be a fair offset to the greater skill required, is 
a problem we cannot answer. As, however, flooring 
is nearly always made with a tongue and groove, 
and consequently the rate of feeding determined by 
the edge cutters, the chances are that not much 
would be gained by using stationary knives. 

In the remarks made there may have been some in- 
a. done to the machines in the Exhibition ; we 

ve perhaps devoted too much space to pointing out 











ENGINEERING, Decemser 15, 1876. 


GANTRY HOIST AND DROP, AND BLAST FURNACK I 
MESSRS, HOWSON imp ¥ 

















| gees ot ce tek 


























ee 


WILSON, ENGINEERS, 


see Page 497.) 


. 19. 


Fig. 18. 




















Jere secerces 

































































AA 























= 




















ae 

















aa. 
7 
\ 
q | 























AR 

















a 
+ 





YO) 





c~ 





G 





















































) 


) 



































—— 4 


































































































— 


Acq HOIST, AT THE NORTH LONSDALE IRON WORKS. 















































































































































Half Section 


je . 























Dec. 15, 1876.] 


ENGINEERING. 


497 





faults, and notenough to explaining good qualities, 
of which there are many. We claim, however, the 
utmost candour for the criticisms made, few of which 
would have been necessary were it not for a lumber 
system which bears every evidence of having grown 
out of chance. 








NORTH LONSDALE IRON AND STEEL 
COMPANY’S WORKS, ULVERSTON. 


(Continued from page 482.) 


TuRNING now to the blowing engines, of which 
general views are shown in Figs, 1] and 12, pages 498 
and 499, it will be seen that these are condensing en- 
gines of the vertical direct-acting type, two engines 
being coupled at right angles to one crankshaft, 
on which is a fly-wheel running between them. 
The steam cylinders are 30 in., and the blowing 
cylinders 66 in. in diameter, the stroke being 4 ft. 
The steam cylinders are fitted with ordinary slide 
valves with expansion valves on the back regulated 
with a right and left-hand screw and handwheel, 
The steam pistons are fitted with cast-iron rings 
set out with VY gluts actuated by steel springs. 
The blowing pistons are packed with hemp rope 
held down by a junk ring in the usual manner. 
The piston rods are 4} in. in diameter. The fork 
ends of the connecting rods are 5 in. in diameter, 
and the crank pins 6 in. in diameter; the flywheel 
is 14 ft. in diameter, and weighs 12 tons; the crank- 
shaft 9 in. in diameter in the necks, which are 16 in, 
long; the air valves are of the usual leather flap 
construction, both inlet and outlet valves having an 
area equal to one-sixth the area of the cylinder. 

The air pumps and condensers, of which there is 
one set to each pair of engines, are placed below, as 
shown by the engravings. The air-pumps (which 
are worked by a connecting rod from a disc crank 
on a short shaft worked from the main crank by 
means of a drag crank) are double- acting and 
vertical, and are 15 in. in diameter and 2 ft. stroke. 
As the exhaust pipe itself has a capacity of about 
14 cubic feet, the condenser is only of small size, 
being about 2 ft. 6 in. in diameter by 3 ft. 9 in. high. 
It is of the ordinary injection class and is provided 
with a 5 in. injection valve. A small pipe from the 
tank above is also coupled to the top of the vertical 
exhaust pipe for the purpose of priming the con- 
denser at startingif this is required. These engines 
work remarkably well, and concerning the details of 
their performance we propose to give some informa- 
tion on a future occasion, together with copies of the 
indicator diagrams, 

The engine-house, which is intended to contain 
five pairs of engines, is of noble proportions, 
measuring 128 ft. long inside by 30 ft. broad; the 
height from the basement, where the condensers are 
situated, to the under side of the girders supporting 
the tank is 47 ft.6 in. There are windows along 
the front side 25 ft. high and 4 ft. wide, having 
iron frames. The blast main passes along the 
back; it is 5 ft. in diameter, and has a branch 
from each blowing engine 2 ft. 3in. in diameter. 

Viewed externally, the engine-house is a very 
handsome building, much more architectural taste 
being displayed in its details than is usually accorded 
to engine-houses for iron works purposes. From 
the ground line the basement walls are carried u 
for 6 ft. in hewn limestone, terminating in a plint 
of the same material. Above this the work is 
carried up in red brickwork, finished by a sandstone 
plinth 3 ft. Gin. above the limestone. This is level 
with the bottom of the windows, and.from it 
springs a pilaster between each window panelled 
and built of white bricks. The windows, which are 
of light and ornamental design, are, as before stated, 
25 ft. high, and there is an arch above each window 
springing from the caps of the pilasters, these caps 
being also of sandstone. The work round the 
windows and between the pilasters is of red bricks. 
The arches between the pilasters and all the brick- 
work above is white. Near the top an ornamental 
string course in stone is carried all round with 
excellent effect, and a neat moulding of stone caps 
the wall. 

The tank, which occupies the middle portion of 
the engine-house top for a length of 80 ft., extends 
the entire width, and projects above the brickwork 
coping, it beingin turn finished off with an orna- 
mental moulding to match the masonry. The 
depth of this tank is 5 ft., and it serves to contain 
the supply of tuyere water; it is supported upon 
cast-iron girders placed across the building at 
4 ft, 8} in. centres apart. These girders are 2 ft. 6 in. 





deep, the bottom flange being 12 in. wide by 24 in. 
thick, the top flange 6 in. by iy in., the web 1} in. 
thick, and the total length 33 ft., giving 18 in. of 
wall hold at each end. The tank is built up of 
cast-iron plates bolted together by internal flanges ; 
the thickness of plates is § in., and the bolts are § in. 
in diameter and placed 6 in. apart. The sides are 
stayed to the bottom by ? in. diagonal wrought-iron 
tie rods placed about 4 ft. 8 in. apart all the way 
round. Various pipes lead to and from this tank, 
these pipes being mentioned elsewhere in the course 
of this description. The main entrance to the en- 
gine-house is at one end, and is provided with 
large doors 9 ft. wide and 12 ft. 6in. high. The 
approach to these is made by a flight of stone 
steps, the landing being on the level of the main 
floor of the engine-house and 6 ft. above the ground 
line. Entering by this door it is observed that the 
ten engines (five pairs) are placed in one straight 
line down the length of the building and trans- 
versely nearly in the centre, A gallery on a level 
with the top of the blowing cylinders extends to 
the wall at the back with an ornamental railing 
along the front side, leaving the space at the front 
of the engines quite open from floor to roof, which 
gives a capital view of the entire range. The main 
floor is tiled and the side walls are faced with white 
glazed bricks for a height of about 6 ft., relieved at 
the top with a string course of blue. There is a 
wainscoting round the bottom. A commodious 
spiral staircase gives access to the gallery, and when 
all the engines are erected there will be a staircase 
at each end. 

The engines draw their air from the inside of 
the engine-house, This plan is not liked in many 
cases, because it has the effect of drawing in so 
much dust through the doors and windows, which 
require to be left open, In the present instance, 
however, provision has been made for the ingress of 
air through louvres on the top of the building, as at 
this elevation there is not much dust. The spaces, 
therefore, between the girders at each end of the 
house not covered by the tank are alternately filled 
by louvres and glass roofing set in iron frames, 

A semi-detached building in front of the engine- 
house, and at the middle of its length, is devoted to 
the pumps. The pump-house is carried up in the 
same architectural style as the engine-house, and 
communicates with the latter by means of a large 
archway on the main floor. On the basement level 
are placed at present four pumps, all of the well- 
known Cameron vertical direct-acting class, 

Two of these pumps have two 6 in, rams, each 
8 in. stroke, and are for the purpose of feeding the 
boilers. They draw from a small reservoir below 
and in communication with the eduction pipe from 
the air pumps, and force the water through a feed- 
heater into the boilers. The feed-heater is vertical 
and of tubular construction, something similar to 
an ordinary surface condenser, and the exhaust 
steam from the pumps themselves passes through it. 
Each of these pumps when driven at the slow speed 
of 30 revolutions per minute is capable of deliver- 
ing upwards of 2500 gallons per hour; one, there- 
fore, is only required to-work at present, thereby 
leaving one in reserve. The barrel of the feed- 
heater is made of wrought iron, and is 4 ft. in 
diameter by 9 ft. 6 in. long; the steam passes 
through the tubes, the water circulating outside 
them. 

The remaining two pumps have each two rams of 
10 in, diameter by 12 in. stroke, and are used for 
pumping the tuyere water up into the tank over the 
engine-house. They draw from a well which is in 
communication with the reservoir, and as in the case 
of the feed pumps one of these always stands in 
reserve. Mr. Cameron’s donkey pumps were always, 
and deservedly so, well liked, and we may remark 
that he has lately na tes them by enlarging the 
area of the valves, so that the latter are now equal to 
the area of the rams instead of being, as formerly, 
two-thirds that area. 

The slagging at the works under notice is done by 
what is known as the lifting cover system. On 
reference to the general plan, published with our 
number of the 1st inst., it will be seenthat the main 
slag runner from each furnace has eight branches, 
and under the ends of these eight branches the 
bogies are run with the lifting covers upon them. 
The covers are formed of four cast-iron sides bolted 
together, and when full of slag make a “ball” 3 ft. 
9 in. square at the top, 4 ft. 7} in, square at the 
bottom, and 2 ft. 6 in. thick, 

When a number of these boxes are full they are 
pulled out on the bogies by means of a locomotive 





and taken to the slagging crane. This crane* is 
an ordi double purchase crane to lift about 
4 tons, and having two jibs, the whole mounted 
on a pillar of brickwork 7 ft, in diameter and 8 ft. 
high. The radius of the jibs is 8 ft, 6 in., corre- 
sponding to tbe centres of two lines of railway 
running one on each side the crane. 

The loaded bogies of slag from the furnaces are 
brought on to one line, and on the other side of the 
crane, on the other line, are a number of empty slag 
bogies. Wrought-iron lugs are cast in all four 
sides of the covers, and the crane being hooked on 
to a cover by two of the lugs, the man on the crane 
hoists it up. Having lifted the cover perhaps 3 ft., so 
that it will clear the ball, the crane is swung round, 
reversing the ages of the jibs, the empty cover 
now swinging from the jib overan empty bogie. <A 
second cover is now attached to the second-named 
jib, and as the chain over each jib is wound round 
the same barrel the two covers now balance each 
other, and the first being lowered on to the empty 
bogie assists to raise the second one so as to clear 
the ball, The crane makes a half turn as before, 
and the operation continues. The two lines of rail- 
way being on a slight gradient, the bogies are 
en ge to oe i one by one by the attendant, 
and are stop yas te) ite the crane. 
The covers being remov cA fall bogies are run 
away to the slag tip, and the empty bogies with 
their empty covers to the furnaces. This system of 
raising and lowering the covers requires very little 
manual labour, and we believe it was first adopted 
by Mr. Charles Wood at the Tees Iron Works 

iddlesbrough. 

Each furnace has a pig bed area of about 3680 
square feet available for casting purposes. This 
gives sufficient room for a make of about 500 tons 
per week without inconvenience. Referring again 
to the slag roads, we may say that these are of 
a very durable description, being made from 82 lb. 
double-headed rails of Bessemer steel, the sleepers 
in the vicinity of the furnaces being of wrought 
iron 9 ft. long by 8in. by lin, The bogies are 
also of unusually strong roportions and are con- 
structed entirely of wrought iron, 

Gantry Lift.—The general arrangement of this 
lift will be rergd understood on reference to 
Figs. 13 and 14 of the two-page engraving which we 
give this week, from which it will be observed that 
it consists oon | of a direct-acting steam cylinder 
supported upon brick piers, The piston rod passes 
through the lower end of the cylinder, and is attached 
to thecage. The height of the lift is 40 ft., and the 
cylinder is made in six lengths, fastened'together with 
flanges secured by 1} in. bolts, each joint having a 
rebate in. broad and jin. deep. The cylinder is 
bored out from end to end to 38 in. diameter. The 
thickness of metal is 1}in, The diameter of the 
piston rod, which is of hammered iron, is 5 in., and 
the piston, which is fitted with cast-iron rings, is 9 in. 
deep. The lowest length of the cylinder is bolted 
to an entablature resting on two girders of cast iron 
2 ft. Gin. deep, the bottom flange being 18 in. by 
2in., and the general width of top flange being 
12 in., while the thickness is 1}in, The before- 
mentioned entablature is 8 ft, 5 in. square bolted 
to the girders by means of six 2 in. bolts, and it is 
provided with a circular socket 8 ft. diameter, which 
takes the lower tier of plates of the wrought-iron 
cylinder —— 

On each end of the main girders—which latter are 
6ft. 6in. centres apart—rest cross girders 15 in. 
deep. These carry the stands for the balance 
weight pulleys, one on each side. The pulleys are 
5 ft. 9 in. extreme diameter, each having twelve 
wrought-iron arms ]} in. in diameter cast in. The 
shafts or centres are of wrought iron 8}in. in dia- 
meter in the smallest part, the necks of the bearings 
being bushed with brass and provided at the outer 
end with wrought-iron caps to keep out the dust. 

The brass valve for itting steam under the 
piston is placed upon the lower cylinder cover to- 
gether with the exhaust valve, and both are worked 
by means of shafts actuated by rods from the 
bottom. The steam and exhaust levers are attached 
toa cast-iron wall bracket, and the vertical rods 
are of 1} in. wrought-iron pipe, their weight being 
counterbalanced by weights at the top. 

The table of the cage measures 21 ft. long by 
12 ft. broad, It is constructed of wrought iron, 
two main girders 15 in, deep running along each 
side and being connected by eight cross girders 
12in. deep. ‘These girders are planked over with 





* We shall illustrate this crane in a future number. 
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BLOWING ENGINE AT THE NORTH LONSDALE IRON WORKS. = he 
MESSRS. HOWSON AND WILSON, ENGINEERS. 4 aT ~. 
(For Description, eee Page 497.) ol iS dy oe 
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Z rn ae at Example 7.—When the line is situated in a vertical 
~ th z | Eo plane which is at an angle of 60 deg. with the 
eee O vertical plane passing through the axis of Y, the line 
at the same time ten in a on from the 
z f t th time tending i direction f th 
~ ‘ , — forming an angle of 40 deg. with the 
axis of Z. 


By a reference to Table B we find the sine and 
cosine of 60 deg. to be respectively .866 and .5; we 


* 
a 














2 5 Some ORR Sate Tse, SORT: es proceed, in the first instance, as in Example 5, with 
bi Sia i eet iene = reference to the angle 40 deg., but ins of — 
the difference 8.57 above to the left ofthe place 0 
a mse szontal li 
A NEW SYSTEM OF PERSPECTIVE 0 sho lah, a shecomtr the duo eaiaeageaieetl se 
DISPENSING WITH GEOMETRICAL LINES OF CONSTRUCTION. iw s. on in Example 4, with regard to the angle 60 deg., but 
(Continued from page 442.) 26 an 3 instead of a the sine and cosine by the 
Ezample 5. When the line is situated in a vertical 2.57 3.06 A Ss number corresponding to the length of the line in 
lane perpendicular to the perspective plane, the 6 6.6 1.94 643 order to obtain the differences of the variable ordi- 
ine at the same time forming an angle of 40 deg. 3.6 6 1.16 -766 nates, we multiply by the number written above 
with the axis of Z. or, the horizontal line to the left, placing the ucts 
0 above as the differences of the ordinates X and Y 
FIG.23. 6 4 5 of the terminal point; for example, in the present 
4.26 Fi 3.55 case: we first p 3.06 the product obtained by 
A 257 " 3.06 A 4 ern gry Ss cosine of L Z=40 deg. the 
6 < OE a F pests length of the line as the difference over the ordinate 
5 sor a 8.06 £8 =| Z, reserving the product of the sine of the same 
; 88 7.09 angle into the length of the line=2.57 as a multi- 
6 4 0 plier, placing it above the horizontal line to the left 
= a Ss, as already described, .688 the sine of L Y¥ =60 deg. 
pO ee 3.55 multiplied by 9.57 to two places of decimals= 2.22, 
ta 2.57 3.06 4 and the cosine of the same angle=.5 multiplied by 
6 ae 1.94 643 2.57=8.28. These two products furnish the dif- 
5.28 88 i7i —--766 ferences of the ordinates X and Y, and are placed 
—o Slee se ; as usual above and to the left of the places of those 
POINT OF VIEW Example 6. When the line is situated in a vertical | ordinates. Having obtained the values of the three 
Fic. 24 plane parallel to the perspective eng the line at | differences, we have only to add them to or sub- 
: the same time forming an angle of 44 deg. with the | tract them from the corresponding ordinates of the 
axis of Z: initial point according to the situation and direction 
¢ 0 of the fine. 
» a a. 0 
4.26 71 3.55 6 4 _5 
4 257 A 3.06 726 7 3.55 
643 «8.57 4 "Oss 2.57 222 128 A 3,06 4 
0 766 0.08 71 5.72 366 ~~«~S*«D 5.8 8.06 643 
0 5 5 C88 
6 4 s 0 
A 4.26 71 3.55 6 4 5 
4 257 A 306 4.26 Wi 3.55 
643 8.57 4 7 1.94 2.57 2.22 128 A 3.06 4 
766 6.08 7 138° 86 ~~ 3.78 ~ 58 » ie 
POINT, OF VIE W or, P 2.46 65 5.24 
0 0 
6 4 we Y oe 3 Neigh! bo voip 
426 = 5 4.26 7 3.55 4.26 7 3.55 
257 ~ 306 A 4 4 2.57 A 3.06 2.57 2.92 12 A 3.06  e 
Te 8.06 Bag 3° = 3.49 eee os COB 27 8.06 Gab 
3.6 = Bu (766 766 943 m1 572 5 6.49 ao 6a7 78 
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or, of the rectangular index to the angle of. -|X', ¥', Z', any. other numbers representing the 
0 jection, ‘and write down the angle ob dal otdindte of 's second poinit/it apace, if wil 
af 4 _5 ore; then to find the differences, in each case, 0 
4.26 ai 3.55 we bring the quadrant to the number on the vertical x Y Z 
2.57 2.22 is A 3.06 4 ruler corresponding to the length of the, line, and y = ° 
6 373 ~ 27 ~ 80 6B the direct index to each of the angles in succession ef ie 
5 2.99 aT 637 °766 obtained as above described; the corresponding X+L Y Z 
, Fy * ' — pea ee! p og SA, ! ete a = 2 
6 4 5 er on the er the erences, i i 
=m = th which we write above and to the left of the places oe oe 
: ——<» ! 
2.57 2.22 ass 4 3m 4 of re Some e ordinates. Taking Experiment 4 as x x! 2) 
m6” «82 53 ~ 19% CS i 4 6 4 0 5 ~ y - 
5 — = Ta «(Ce _— — =e tom 
5.34 65 1.26 82° 43/ 4.26 3° 32" 3.55 xX'+L ¥ Zz 
6 ° 5 aaa —— 4 9s y a 
426 Fi 3.55 sa Sent + will represent a line equal and parallel to it. 
2.57 222 128 6A 3.06 4 Having found the ordinates z and z of the initial = 0 
> 3.78 538 = = point, as already described, we bring the quadrant x Y Zz 
2.46 65 TU arate to 10 deg. and the rectangular index to 40 deg. ; we z 7 rn 
0 find that the line of intersection crosses the revolving A 
& 4 5 ruler at 15.5, and bringing the revolving ruler X+L sin. LY YtLeos.LY Z 
4.26 mm 3.55 forward to this number, we find that the rectan- . eS) ae 
2.57 2.22 Ts A 3.06 . 2 gular index points to 32 deg. 43 min., which we | represents the given line, 
366 622 ~ 27 1.94 63 write down as shown, repeating the operation with 
5 60 = a3 766 the exception stated. We find the revolving ruler is xi y' Z' 
a now crossed by the line of intersection at 13, and x ri m 
6 4 5 bringing the revolving ruler forward to this number A 
738 = 555 we find that the rectangular index points to the X'+Lsin.LY Y'+Leos.LY Z 
— . = 71 - . , angle 37 deg. 27 = = » write mew as — a ae ma 
2.07 2.22 1.2 3.06 es. 4 shown ; we then bri e quadrant to 4 and the/_. ae i 
866 3.78 2.7 194  .643 direct index sngueninet to the above angles, which | ¥!!! represent a line equal and parallel to it. 
5 2.99 7 133 766 gives us 2.57 and 3.06 for the difference, which we EXxamruzs. 
— write above to the left of the places of the ordinates! Zyample 1.—Taking X=4, Y=2, and Z=3 to re- 
of. X and Y. We then move the sliding ruler to the | present the ordinates in space of the initiai point of 
A ‘A right till 2.57 comes opposite to 6 on the fixed | the given line, and X=6, Y=4, and Z=3 the ordi- 
ler; the zero will be opposite to 8.57, which we/| nates of a point from which a line equal and parallel 
A write as the ordinate X. We next bring 3.06 on | to it is to be drawn: 
the sliding. ruler opposite to 4 on the fixed ruler, 0 
the zero marking 7.1, which we write as the ordinate 4 2 3 
Y, and 5 for the ordinate Z, which remains con- 3.32 33 3.49 
° stant. Having determined the three ordinates in 10 A 
space of the terminal point A, the remainder of the eet 3 
operation consisting of the transformation of these Les v7 i383 
ordinates into the ordinates of projection 2' and z’ , “Sf : 
of the terminal point, is merely a repetition of the | *¢PTesenting the given line 
rreeeee of ere a point the ordinates in space 6 4 0 4 
ing given, which has been already explained. 726 = a3 
“enn OFT Taking Example 5 as an instance, wae 71 A . 
?' 0 pr 
6 4 5 6 14 
Fic.28. 428 35° 32 8.57 2.52, 42 1.26 
y 2.57 2.22 1.28 A 3.06 4 will represent a line equal and parallel to it. 
e 
ra cr Sr 52g ST oe 
Bringing the rectangular index to 40 deg. we find 2 
A the revolving ruler is crossed by the line of inter- i 
Aa A section at 15.5, and bringing it forward to this num- i 
ber on the fixed ruler we find the rectangular index AA 
orator VEw - points to 32 deg. 49 min., which angle in this case 
we write to the right of the form. 
We then repeat the operation, bringing the direct POINT OF VIEW 


When the instrament is employed, the differences 
placed over the oblique lines in the form for the 
projection of the terminal point of the line may be 


added to or subtracted from the ding ordi- 
nate of the initial t by employing the sliding 
ruler as follows. hen the sum of the numbers is 


= uired, bring the greater number on the sliding 

ite to the lesser number on the fixed ruler 
by moving the former to the rigat ; the number on 
the fixed ruler opposite to the zero mark on the 
sliding ruler indicate the sum, When the 
difference of the numbers is required, bring the 
greater number on the sliding ruler opposite to 
the lesser number on the fixed ruler, by moving 
the sliding ruler to the left; the number on the 
fixed ruler ie to the zero mark on the 
sliding ruler will indicate the difference required. 
When the difference is to be subtractive, this is 
indicated by placing the minus sign above the number 
representing the difference, as in the former case, 
when the caculated table was employed. When the 
line to be projected is oblique, instead of referring 
to Table B, we may employ the following manipula- 
tion of the instrument: Bring the q t to 10 
and the rectangular index to the angle at which the 
line is to be projected, and note the number on the 
revolving volar exactly where it is crossed by the 
line of intersection of the fixed and sliding rulers; 
bring the bevelled edge of the revol ruler forward 
to this number on the fixed ruler, write down 
the angle indicated by the rectangular index. Re- 
the operation with the exception of bring- 


t 
g in the first instance the direct index instead 


index to 40 deg., and obtain the angle 37 deg. 
34 min., which we also right down on the right. 

Then bringing the quadrant to 4 and the direct 
index to 32 deg. 49 min., the bevelled edge of the 
revolving ruler marks 2.57, which we write above 
the horizontal line to the left, We then bring the 
direct index to 37 deg. 34min., the quadrant re- 
maining at 4. The edge of the revolving ruler 
marks 3.06, which we write asa difference above the 
line to the left of the ordinate Z. 

We next bring first the rectanglar index, and 
secondly the direct index to 60 deg., and obtain the 
angles 41 deg. and 26 deg. 33 min., the revolving 
ruler being crossed at 11.5 and 20; but instead of 
bringing the quadrant to 2.57 we bring it to 25.7, 
and then bringing the direct index successively to 
41 deg. and 26 deg. 33 min., we obtain the numbers 
22.2 and 12.8, which we write above the horizontal 
lines for differences, as 2.22 and 1.28. 

The ordinates in space being determined, the 
ordinates ~' aud z' are found in the way already de- 
scribed. 

Parallel Lines.—In order to 
new initial point, parallel and to a line already 
projected, we have only to e the differences of 
the ordinates of the terminal point, written above 
the horizontal lines, in the one case equal to the 
differences of the corresponding ordinates, in the 
other with the same signs. 

For example, taking X Y Z to indicate any 
numbers whatever representing the three ordinates 


project a line from a 





in space of the initial point of any given line L, and 








Example 2.—Taking X=4, Y=2, and Z=3 to 
represent the ordinates of the initial point of the 
given line, and X=9, Y=10, and Z=3, the ordi- 


nates of a _ from which a line equal and parallel 
to it is to be drawn, 
0 
&. 2 _3 
3.32 83 2.49 
643 7.66 A 
10.43 9.7 3 
5.32 31 1.53 
representing the given line 
0 
9 10 3 
4.5 5 15 
6437.06 
43 78 
5.55 36 1.08 


will represent a line equal and parallel to it. 
FIC .30. 


Se 


™u 





OF VIEW 


The working of this problem instrumentally re- 
quires no explanation ; as it involves nothing more 
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than the projection of a second line from a, new | tion will be reaped again by the cast-steel foundry of Herr 4 na es jp- spent _A pitched chain, connected to a winch, 


sniti int. by th already described, the | Krupp; for only his (the Broadwell) system of gun and d on top of column, thence over the 
ok ee pens vas y : his material can be used in the construction. His system: outside ulley on davit arms, and then under and over 
(To be continued.) that of breschloading in opposition to muzzle-loading, as | the pulley... A ball hed to the end of the chain, 





still patronised by England. His material: cast steel, which is connected with the cup of the disengaging gear 
elidel because the other materials for, rdnéhed are not equal ee gs, gen 4 ee ee oe =—— 
KRUPP'’S ARMOURED GUN. to the strain exerted on the barrel of the gun as required | handle is turned, and the boat is immediately moved 
“Tue future belongs to iron,” is the dictum of ity the evsien. of ermaured wMWie-need.scarcely say | outwards. When the centre is reached the chain 

engineer officers, when speaking of the principle which } we donot fully share aplaiine atapooneed by-ans con-|on the outside pulley, and the working of the 1 
will have to guide them in the construction o | sie en Be. eg = hie | being then reversed, the boat is swung round to a level 
fortifications. The solution of the question 4f monj . introduction of the armoured gun, with the deck, and being then under the davit arms, 
armour, however, seemed yet to lie in the distan€ future, quently, an obstacle would be placed in the way of | 
st 






p| is ready for being lowered into the water. The crew or 


until it has suddenly been brought into prominence by who still desire to employ another material, ngers, as the case may be, then take their positions in 
the latest invention of Krupp—an armoured prong 4 ii the building up of ned Ee © yf the boat, and the chain run out until the water is resched, 
models of this piece of ordnance, accordifig. to. the 43 te as when it is In order to raise the boat it is 





; : * Was ‘| attached by the ball on the end of the chain to the cup, 
ve Ganstio, ave hom suranetes wae . Gfesin wie NOTES FROM THE’NORTH. . and the winch turned until the horizontal davit arm 4 
Office, our contemporary expressing the op—migm Géiiao séday.’. | Peached, to which it is attached by a disengaging apparatus. 
considering the simplicity and evident usefulness of the Glas Pig Iron Market.-«'fie iw, Hpmena 5 lean sontinnenn gation. ah. de alien aria Is saleed, 
system, it will be introduced in Germany. cmd wigs as OT t a 2 ee —— market wai » comisietls eat the san’ cea 
which has awaited solution for years,“ bugts has o 4 7. 58s. to be, 1 yo monet ee 585. | Wi ‘ i 
hitherto not been satisfactorily solved, the removal “of to 58s. 14d. td month. fixed, ; allem at sition 

r me 


the recoil of heavy guns, seems at 148§°to have been ; : 
finally haar» Lg siege, —_ gel nave eS pail ag ae ee iy a ‘ira market in| that one man could launch a full-sized boat in 15 seconds. 
gun, when fired, remains fixed in its oj the afternoo: offering 588. 1}d. 2S Sp 3 ; 
without necessitating a complicated candied ‘As the | pay arene ankine bbe, Ba Friday’s pole! pro La prevent passengers crow into the boat until level 
indi ; intimate [aan | with the deck and ready to be lowered. A model of the 
name indicates, we have to do here with an intimate |and an advance of 4}d. was obtained. Business ocx om hibited rte es i. of it P 
connexion of armour and gun. A sphere is screwed doll at 58s.,. but improved: to 58s. 3d: cas ~~ was “i Fello te the Society” The — a 
round the muzzle of the gun, any piece of ordmance being | and the k u ~ rac wel 5 Becmnis wony . steele 
easily adapted to it, fitting exactly into the@ocket joint ithe higher price, and sellers at 1}d.-per ton more. Busi- . : : . : 
of a fixed armour plate. The trunnion of gum xeste-| ness was brisk in the nm, and 58s. 3d. and 58s. 44d. ee oe ‘ru srioualy conidering the destrbiity of 
jand 58s. 6d. one 5 ing a steam fire engine, thus following the example of 
ing pri Glisegoet Paisley Gjlind other places in Scotland. 
i 4 iety.—A meeting of 
ae ednesday night—Mr. ory 


® 
+ 


if 


; 
‘1 
$ 
: 
i 
i 
: 


in a simple iron carriage provided with ers 
on circular rails. These rails, in. connexion w: 
socket joint, permit of the requisite lateral pointiz 
the gun. The thickness of the armour ought to strong 
spond to the calibre of the gun, “| at 58s. 5d. to 58s. 7}¢. cash 
At first many theoretical objections offered themselves | month fixed, closing — over at the top prices; sellers appliances 
to the plan, the inventor of which is Herr Krupp him-|1}d. per ton more. afternoon was steady, | °° 
self. It was predicted that the sphere would be ‘at off, | buyers 58s. 6d. cash, sellers 58s.7}d. No business was re- tore. on ieege peggy of oo 
the gun would burst, the armour plate would be injured, | ported. The market opened i forenoon girders into Sy . bringing 
The practical trial has given quite an opposite result. | with a small bate at 58s. 1 ademas fixed, | ow the rot thé work was much more rapid, steady, 
Although it is the intention ef the inventor of fixing in closing gr after, oy 5ee. eae 588. 7hd —— the ond rogues Gaal 
this manner heavy siege guns, experiments have as yet | 785. atiaitonis one-—sallenl 58s. 74d., buyers 58s. 6d. im) 
been made only with the German 8.7-centimetre (3} in.) secieg ine’ opening price this forenoon was 6d. prompt = A ep aet tart chock be a>- 
field gun. No less than 203 rounds were fired with | cash jandthen there was an improvement to 58s. 10d. prompt, work, it Lag be ig tr gr pk rtdeggane fede 
powder charge of 8 lb. 5 oz., and a projectile weighing | and 59s. one month paid, closing firm with at layed bay completion oll paneer ppl ge A nemar 
15 Ib., without the armour plate or the barrel of the gun | top prices, sellers a shade higher. A business was | mes ary ope should > < — 
showing the slightest injury. Even the thread, exposed | done in the afternoon at 58s. 10d. and 58s. 10}d. cash, and | Parts Fagg Bate ad entirely evolded this re 
to so much strain, holding together*the sphere and the | 59s. one month open, buyers 58s. 9d. cash, 58s. 11d. — bal in which the dates 7 a aon 






ae 
Bee 
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i i 
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muzzle, had not suffered. The sphere could be screwed |The demand is now very quiet both on home and fixed j f 1 

off as easily after the firing as before eommeneing it, foreign account. ¢ rithstanding the uncertainty re- fab wa not Gulp ts the supply of — 
The most important advantage of the new construction the political situation, and the fact that makers nsiderable has been saved in the 

ne m honey . on Band it 2 P to reduce their prices, war- gulated, but a considerable sum saved in 

consists in the gun remaining in the’ same figed position otto — - pings ly, and have been largely shape of interest by not having capital laid out on parts of 

throughout the firing. If once pointedyrelaying at each | a0oi¢in more especially for forward deli thus showing | *2¢ work which could have been left for a time. Mr. 

shot is entirely dispensed with, and it consequently that speculators eaetdae Seoteh trea & inveatt Grothe closed with a description of the apparatus for the 

permits a rapidity of fire not to be ‘attained with other! ment for their spare capital, In the mean = a electric light used for 4 

guns. In firing sixty rounds in fifteen minutes, a re-| large proportion of the Scotch home demand is rapplied et . 

markable and highly satisfactory #ésult was obtained. | lower My ienporte from Middlesbrough, so the | ; 

The target dese Want i gems Rigby Sh city sha | soc: Sav. Me ott Dress Tene Soon son oe a oe Oe eek ae woe ss 
ithi rrow com on: i i ou! e | increase mated ai y 

po meng wa 1663 ps and the gun’ had only ane once tons, and will hus be a Mowat rd — it was Cal aor extend ther posits of earning an nt ivl 
j ; i . 18 i a i 

Enving been camtinted tothe end wiffontonco sping | ee roduoton i licly tobe Peducd, wo that stonks may be| oyna to eal fr a word of rnognton ual enovuragenent 

: The mi f ; ‘4 expected steadily to increase as usual during the winter} in our columns. is the lishment by some ladies 

for relaying. The minutes of the trigh were signed by a months. A considerable quantity of pig iron has siann office hash, tie iantinatial end architects’ 

number of foreign officers presenty; sho expressed their | jeen gout into the warrant stores, and the total sock with | rawings is carried on'as a regular The necessi 

surprise openly at the unparalleled ob Messrs. Connal and Co. on Friday night was 100,551 tons, duplicates of drawings tracing gives rise, it 


The importance of the invention 8 no doubt very | thus showing an increase of 2154 tons for the week. There ee | not be remarked, to a poon- smb portion of the 
great. The size of the embrasures, always welcome | js no alteration to note in the numbers of blast furnaces in| deskwork in professional offices Inagow and Man- 


targets for the enemy’s fire, is reduced to a minimum, | operation, the total still in blast being 116 as against 111] chester we understand that w men ha for some 
viz., the bore of the gun. Of the latter, consequently, | at the same time last year. The shipments for last week years employed in engineers’ offices in doing this kind 
only the muzzle, or a small part of the muzzle hoop, | amounted to 8372 tons as against 8617 in the corresponding | of work ; the movement having been first prompted partly 
may be hit, if the latter by excessive lateral pointing | week of last year. by economical considerations. The success of the ‘ 
projects somewhat outward out of the socket-joint. The} The Finished Iron Trade.—Manufactured iron is again | ment in the North led to the idea of trying it.in London, 
gunners are perfectly protected against shell, and against | a shade quieter. The desire to buy for forward delivery | nd some ladies who desired to do so met with en- 
shrapnel a cover of sufficient strength may easily be | has toned down considerably, and lower quotations do not couragement from a large and well - known 
provided. The stability of the gun also greatly facili- | lead to any increase in business. For the present the —— gave them a te <b ha = 
tates serving it, fewer gunners being required. The | rolling are amply supplied with work. vical aes eae fe on he cree hin. 
gun, finally, requires less space. The invention is of | The Engineering Trade at Kirkcaldy.—This branch of oe i 

ee ; , ; - ce selves to the work, under very advantageous circum- 
special importance for casemates. The accumulation | industry continues very dull in the district. A large| stances. They were employed there about two 
of smoke which hitherto has made, after a few rounds, | number of skilled artisans, including moulders, rivetters, and a half, with so much success as to lead to the idea of 
a prolonged stay in the casemates insupportable, and | &c., are going idle, and entertain very little hope of employ- | opening an office for themselves for ing on the same 
required a special construction for taking off the | ment for some time to come. A contract for the building of | work on a larger scale and with a more public connexion. 
smoke, is prevented, for the smoke must remain outside. | ® Small steamer has, awenet been secured by the Messrs. | 4, i ly ladies have o} an at 42, Queen 
— printed résumé of the trials hitherto made with Key, peg vee hes ia “anie ‘ Anne’s rs Lyrae pe se dt the title of the “Ladies! 
the armoured gun states as follows: “The possibility of | Royal Scottish Society 0; 3.— ird meeting of | Tracing Office for Arehi : € » 
rapid firing as wall as the complete eéver provided for the Royal Scottish Society of Arts for the present session where they have carried | Bae bewrre roo al srranh 
the gun and gunners, render armoured guns perfectly in- | Wa8 held on Monday evening, Mr. D. Bruce Peebles, vice- pea the vt rme f ee a sufficien vetythe Ns hye : 
dispensable for coast, fortress, and naval artillery ; and | president, “yy ~~ os re : rec a = them to. = oo ntohitietetel edt. "The Super’: 
even the artillery of the besiegers will have to make use ney = Sl bys long di a2 omg 8 W. R Seasiee ot ike aameel interests of society, of extending the 
<a “ere: batteries of this system, in order to compete | Gisscow, read a paper on thepatentdavits and boat-lowering | opportunities of remunerative work for the number of 
with the armoured guns of the besieged. Of course, the apparatus invented by himself. To the usual pedestal used for | women who have to depend upon, their own exertions can 
armour provided for siege batteries must be easily taken | the present construction of davits two upright iron columns | hardly be overrated ; and from this point of view we may 
to pieces and transported.” This is nothing less than | of the same size are fixed, the length of Soaiienns being de- | say that the icular work referred to séems to us 
iron armour for besieged and besiegers, or a complete | termined by the height the boat is required to be from the | eminently suited for women’s fingers, which are so successful 
revolution of the mode of carrying on sieges and of con=| deck. At the middle of these columns joints are formed, | wherever d yand nestness are essential, while it is in 
structing fortifications. into which are fixed what may be called the davit arms, the | no way over-taxing to their strength ag tees, as & lady 

Extensive trials are to be-made shortly with a 15-| top terminating in a frame, into which two mage are | who had tried it observed, “ it is 
centimetre (6-in.) gun, to which also the chief German | Placed on a level with each other, and just far enough | employment requiring neatness of 
officers are to be invited. At the same time experiments | *P®rt to admit of s chain passing from below the one . of ing “a i 
are to be carried on against armoured for the pur-| Ver the top of the other. Thedavit arms thus form, enn 
pose of determinin rad h pgp f tha be: as it were, two sides of a square, one arm being the length | ought to ber fal, * 16 
si f disabli Bars aaryecen oe we Biers aaa i i required to clear the pulleys on the column, and the other to | not much ail 
eger of disabling a gun thus protected. t extend over both gunwales of the boat and leave sufficient | who were not 

hould the new construction be found efficient also for | space between the boat and the side of the vessel. Into this | Office will, 

heavy guns, the advantages to be gained by its introduc- | are fixed two pulleys, also on a line with each other, and | themselves of “ité 
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PUNCHING AND SHEARING MACHINE. 
CONSTRUCTED BY MESSRS. FRANCIS BERRY AND SONS, ENGINEERS, SOWERBY BRIDGE. 





Ws publish on this and the opposite page, illustrations 
of a heavy punching and shearing machine recently con- 
structed by Messrs. Francis Berry and Sons, of Sowerby 
Bridge, for Messrs. Joseph Wright and Co., Tipton. The 
machine is of very massive design and weighs 34 tons. It 
is driven by two engines having cylinders 12 in. in dia- 
meter, with a stroke of 14 in. The crankshaft is 54 in. in 
diameter ; on this shaft is keyed the first motion pinion of 
15 teeth, 8 in. pitch and 8 in. wide; this pinion drives a 
wheel of 57 teeth ‘keyed on the second motion shaft, on | 
which is another pinion with 13 teeth +4 in. pitch and 12 in. | 
wide, gearing into the large wheel of 54 teeth, which is | 
keyed on the main shaft. This shaft is 14 in. in diameter 
and has three eccentrics 10 in. in diameter and 4 in. | 
throw turged into it, which work the slides, The punch- | 
ing slide is 2 ft. wide and 10 in. deep, and is capable of 

| 





punching a 2 in. hole through a 2 in. plate 24 in. from 
the edge. The middle slide is 18 in. wide and 18 in. 
peep, and is capable of cross-cutting the strongest section 
of steel rails. The end shear slide is 2 ft. wide and 10 in. 
deep, and is capable of shearing 2 in. pla‘es 24 in. from 
the edge, or of slitting up old steel rails. The slides are 
all made of cast steel. Each slide has « disengaging 
motion, so that the whole machine need not be stopped to 
adjust a plate. 














HARTNELL’S AUTOMATIC EXPANSION 
REGULATOR. 

RING. 

Srn,—In reference to ‘‘ Hartnell's Governor ”’ illustrated | 
and described in Enaqrnzzrine of December Ist, I am 
desired by uy Stead, Me. Chasien Brown, of the Swiss 
orks, Winterthur to send you 





a and circular relating to his , which is | successful 
ph ae Ble Fg PET that of the for. | hence Mr. Bro 











use since 1873 and publicly offered for sale, 
considers self entitled to the claim 


a strong spring are applied, the latter made adjustable for 
varying speeds. The favour of your insertion of this note 


will oblige, ? 
Yours, very obediently, 
JoOsEPH BERNAYS. 
96, Newgate-street, London, December 11, 1876. 





To THE Eprror oF ENGINEERING. 

Srr,—If you will allow me space, I should like to make 
a few remarks upon the steam engine governor, which you 
described under the above title in your issue of December 1. 

In laying before your readers the advantages claimed for 
this governor, the writer I think unnecessarily depreciates 
the good qualtities possessed by some other types of 
governors, which have done and still are doing good work. 

As the modern governor isa subject upon which very 
little information of a trustworthy nature is obtainable, 
perhaps an interchange of opinion may be advantageous. 

The wording of the second paragraph in the article in 
question, would convey the idea that the available power 
of a governor upon a reduction of speed, would equal the 
weight of the balls multiplied by the height through which 
they have fallen. This is far from correct. It could only 
be true if the balls were running at such a speed originally, 
as to maintain them in their topmost position, and that 
this motion were suddenly annihilated, and with it the 
whole centrifugal force, so that the balls may fall as a dead 
weight. This, it will at once be seen, is an impossible 
proposition. 

o show the amount of power which really is given out 
by a governor on a given reduction of s , I will take 
a case from practice. 

A Porter governor is of such a design as to require a 
counterbalance weight of 70 lb., when its maximum and 
minimum numbers of revolutions per minute are 247 and 
227 respectively, its corresponding radii of revolution 
8.18 in. and 6.43 in., and the weight of the balls 9.13 Ib. 


teers t > Now if the governor be at its maximum om 
mer. Mr. Brown’s governor appears to have been in | of priority of invention. In his governor both a weight and | with the 70 lb. weight at the top of the traverse, the whole 


. 
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system is in perfect equilibrium, and the balls with the 
counterbalance have practically no weight, and the same 
is true if they are running in their bottom position. 

Now taking them back to their top position and corre- 
sponding speed, suppose the the engine is suddenly slackened 
sufficiently to reduce the governor speed to that correspond- 
ing to the lowest position; then the centrifugal force and 
with it the supporting power will be reduced, and the balls 
will fall till they find a new position of equilibrium at the 
bottom of their range. 

Before the reduction of speed the centrifugal force 
was proportioned to the radius multiplied by the number 
of revolutions squared, or 8.18 x 247 x 247, and the lifting 
force was 70 Ib. 

After the reduction of speed, the centrifugal force was 

roportionate (for a moment) to the radius 8.18 multiplied 
2 227 X 227, and the lifting force was 58.5 Ib. only fring 
a difference of 11.5 Ib. The balls gradually f the 
ting force at the bottom of the range again becomes 
70 Ib., and all is again in equilibrium. The available weight 
of the counterbalance for useful work upon the valve gear 
varies from 11.5 lb. at the top to nothing at the bottom; 
mean 5.75 lb. The weight moved through 2.5 in., and we 


then have useful work done = ie = 1.198 foot- 


pounds. 

It should be noted that the sudden reduction of speed 
supposed, is perhaps the greatest possible under any cir- 
cumstances, and it will be seen that should the governor 
commence its descent during the reduction of speed, the 
power given out will be still less. 

** The higher the ball rises the greater is the power, but 
the less the sensitiveness.” 

** To increase the oy the arms are crossed, so that 
the balls rise higher for the same variation of speed.” 

To examine two sentences. If the governor balls 





could be constrained to follow the path of a true bola 
in their rise and fall, and Sess adeno talalile veloalliy 08 
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revolution, they would be in pas pee nosy oy ie ee 
range at a constant > consequently t 
extraneous force would take them t h their whole rise, 
with no variation of speed, and the will have practi- 
cally no weight whether rising or falling. 

This would be a ernor with a maximum of rise in the 
balls, with absolu no power within their range ; and at 
the same time the perfection of sensitiveness. So 
much for the first sentence. 

It is common knowledge that the cross-armed governor 
is the apecetioy) meet approach to the true parabolic, so 
that to cross opens wil never increase the power, while 
it does increase the sensitiveness. 

ing to Mr. Hartnell’s governor, we find it stated 
that this governor, with a pair of 3}-in. balls, will equal in 
pou @ common gravity governor with 9-in. balls; and 
urther, that “no gravity governor of equal bulk could be 
nearly as efficacious, where much resistance has to be over- 
come.” e weights of the two balls will vary as 1 to 17, 
and it is therefore claimed that mass for mass the new 
invention is 17 times more powerful than the gravity 
governor. 

As Mr. Hartnell’s governor is also said to be less bulky, 
oa ey er to in comparing it panes ler pre- 
viously described, to suppose it to occupy same space, 
and T will therefore su the balls to have a maximum 
radius of 8.18 in., a weight of 9.13lb., and a swing through 
50 deg., as recomm by the writer of the article, which 
will bring the minimum radius to 5.125in., supposing the 

arms to be 4in. long. Also imagine the spring with 
such initial eed as will make the maxim 
numbers of revolutions 247 and 227, as in the Porter. 
r the ical downward 
mal the centri 
arms of t crank being 
90 deg. apart. 

ms somgpers =e same method as was used for the 

Porter, taking the same sudden reduction of speed, 


this 
will 
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before the reduction of all is in equilibrium, and the 
centrifugal force of the‘ is 1291b. after 
the reduction, the centrifugal force has to 109 Ib., 
while for a moment the pressure of the remains at 
129 1b., difference 20 Ib. the centrifugal £ the balls 
sp cen lorce, 

are done Yamane, the spring till a new 
ow w ped equilibrium is found at th of the range. 

seful of the spring varies from 20 Ib. to nothing, 


mean 10 lb. 

With a traverse of 3in., the work done will equal 

oe =a.5 foot-pounds, 
ing a total of approximately twice that of the Porter. 
a this shows “Mit: per dete governor in a more 
favourable light than it deserves ; for while the work done 
for every 4in. rise and fall of the Porter governor is the 
same, no matter what the position, the work 

vernor in the same space 
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THE ORIGIN OF MOTION. 
To Tus Eprror oF ENGINEERING. 
hb a pee ay seems to have given up 


discussion, ts in issue of the Ist 

er tn chenente wie eabe bie dng ee whieh | 

he seems unable to defend. The whole his argument, 
as it does on those two statements Ving 


petitio prince 
sequently of very little value... But even 
moment your ape 4 


the proportion 
of propagation is thé 


P 
atomistic theory (in 
gases con 
ressures and tem 
& pressure of 5 


1 cube foot of ether must 


times as many m 
and that the dist 


The abo y besides value of what 
. your contributor 
— that ether, if s gas, can ce y not have the 


ar contributor gives it ; or 7 happen to know 

what Phat the velocity ‘of the ofhes pactieh at ite maximum, 
and ie fit souch greater than thal of ight it is 
seven millions of times — 

way your oar ool Lywd at 9 pressure of 500 tons 
is instance of ‘ow any oné in his 
senses can ty ters the pu of ether from the 
cohesion of ehemical affinity oxygen 
ent hy , is more than I can account for. Tf cohesion 
por ob ue _— that ae _ lead most he greater 
cohesion than of the ether causes 
chemical afiniy Now is ft that ¢ the aftn tee le 


the two metameric bydro-carburets C* H” and © ser 
Tout couttibutor is 
bnew: Mod 


ee natical to- reject all wild and sense- 
a eehieh in andes te bolt their own, require at 


Amsterdam, December 12, 1876. 








MULTIPLE ‘CYLINDER ENGINES. 
To Tae Eprror or 
Srr,—T have read Mr-G. A. 


ne ro cae es mt Fer Bert 
mal fun, Sos 


Peaks ent rather than otherwise to that med that 
ks some months 


Hi saseh wnite aft 
— shake. digunsele 


when he thinks that Saabs 
tor is sntaken wh bth But there is | hands 


lence where nothing of the 


and temper into the 
project we fair matter of 


sort was intended a Pay 


Ct not an vr. of either two, three Se Se or six- 

take an. interest aie | e=Pe 

reason wry Lay a you with my letter of ie auth ul 

was that Mr. Head might have an enuey © of giving us 
@ history of his apparent conversion, and I 


are still remembered. = 
. Head is a “‘ sound m 
ae il 
ublic of an 
Sas which would Lae be 


Mr. Biddell says, 


pe Lad of acknow! 
ing this high position, 
character with an im 
to those of many others. 
There is nothing of his character to answer in Mr. 
Biddell’s letter, and it is in my opinion utterly uncalled 
for, at all events so far as ‘‘ 1000-Motor Bn is con- 
cerned, and I should, were I in Mr. H ery 
or, at all events, Pg them 


** Save me from my friends,” 
r. Biddell’s ideas on this subject 


— ** anonymously.” 
peculiar ; however, I =n rely on some good “ ate 
forward” English precedents, and I am quite 
under your editorship no undue advan anni be 
allowed and I shall continue the a of signing in any 
Se, 00 ee Os om ke, 
reference to ‘‘ Dock Hill,” he rrr aconsing | 
Slat Brotherhood engine, and your edi 


Further, Mr. Payton did not write as to the relative 
soars of theseaylin er versus four-cylinder 
rted by dates, that Mr. 
, and that the claims waned 


to his, an 

a paper on the “‘ Defects of Pre- 
es and their Remedy,” which 
be the author’s ‘a. 


that Mr. Biddell and * 
nestions, 
fEron ty intcoboing personalities | 


AsI have no wish to occupy pgore oes pn ent be 


engineers 
regpeeed that discussion and co’ 
aes of inventions is aoe 
interest to outsiders, but I 
Head answered the other questions ‘raised by a2 
have added to the many valuable 
by him to meen te a i 
000-CYLINDER MoTor. 


haz: 
Yours vi 
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“NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. ra 
MrippLEesBRovesr, W 4 
‘The Cleveland Iron Market.—Business was at 
Tuesday's market, and a few good sales were. made, 
rot forge iron, better prices being realised, 
very over the first half of 1877 being 
y ag & on tee are pretty well booked for 
months, and have no dificalty now in ‘isposing of all 
can sell. Few, however, care to sell beyond March, as 
affairs are so uncertain. The demand py ag 4 
= healing woliiion, ani makers, Saal 
condition, and makers, a 
find less inclined to grant co. 


probably close with twice 
that quantity stored. The production will be considerably 
mpi pag a that of Rar previous AS gh onprh apnea 
t depression as prevail @ prices quo 
terday were * under for Cereiand, Pan M. 
early and f.o.b. Tees: 
he at 47s, ; ie Ye, 4 foundrz, St. ey ion 
0 orge, 44s n, ess com ion 
For forward delivery ey per ton more is offered. mm 
are in the Middlesbrough “listrict alone 87 blast hone 
75 of which are at work, and last month they produced 
111,125 tons of pig iro’ or 563 tons more than in October. 
The stock at November stood at 63,250 tons in makers’ 
, and 18,800 tons in the warrant stores. _ Messrs. 
Bolckow, Vaughan, and Co. are making sati 
rogress tow relighting their three furnaces at 
ugh. 


The Manufactured Ifon Trade.—The mills are working 
very steadily, and there ap; — but little want of orders in 
this district for plates, angles, and bars. The Christmas 
holidays will cause a cnapiion of work, but the stoppages 
will doubtless be cut as short as ible, —— the 
men have been so badly employed heretofore are 

i ing offe: at 71. 2s. 6d.; angles at 

., ahd common bars 6/. 7s. 6d. per 

ton all net on trucks at works. From Middles h we 

learn that only 7018 tons of finished iron were shipped’ last 

month, as com with 10,400 tons during Movember, 
1875. "The trade is as dull as ever. 

Trou Shipbuitding.—Several good orders have recently 
been chara the yards in the North of » and 
work is likely to: be pléntiful hout winter. 
Prospects are as ant as could we Pinan 


Tronfounding.— foundries are acti ree 
and are well supplied ear ine fannie orders. 


actory 
fddles. 





oc oc Caner 


B. hte Os 3, | on Tailwa, 


industries in this district—such as the wire, cut nail, and 
tube trades—are in a tolerably satisfactory condition. 

Coke. and Coal.—The demand for house coal is slack, 
notwithstanding the time of the year, and shipments, more 
especially to London market, have fallen off. Small 

coals are in better request with prices improving, and likely 

to do so pes hot oe ‘will be scarcer in consequence of 
Fairplay”’ a! in Northumberland, by which 

; fod Coal rain will be paidfor. This cause 

18,000 tons per month in the pm of 





NOTES FROM SOUTH YORKSHIRE. 
; SHEFFIELD, Wednesday 
pos Pipe pa near Bradford.—On Monday 
short lines of railway were opened in the 
ict, which will be of great utility to that 
ee 
and the other 
i sstamnaeniion between the 
Great Northern apetn and tha manufacturing parts of the 


Sprin Fitters’ Strike. —This dispute, 
which has nye | about , was brought to a close 
tended roecin agreeing to resume work at the 

-- SS el per cwt. in of the 

the first imstance;by the 

woke aaa.aeota number, and Comprise some of 

concerns in the district. 

at A ate-—On Monday the 

i y at Ambergate 


commodions. 
=e = 
poin' openin 
d the continuous growth 
these alterations im- 


ick Local Board the propriet 

thelocal gas and water works Row 

separate com has under dis- 

to result m favour of the proposition 

of Clifton, &c., raise no objection 

pens Rail ~ 5 og at .—For some time past 

the inhabitante, of ey lle rons ufacturing town of 

toad beak dissatisfied with the position 
ig chee their town, and have repeatedly 

y to remove it or erect a 

ae ae oorhie mest is now to be com- 

with, to build a convenient 

Stheosat depit. 
November 
of 510,223 


Cross and two or three other 
fd 1000 tons or more dail 


for 46,000 tons of steel 
shared 


? ton. 16 contracts are 
con.-| buyen She. Denain, the Creusét, the Terrenoire, the Mont- 
olfier, the Chatillon, and the Commentry works. 
American Ironstone.—Mr. RB. C. Meri resident engi- 
neer of the Nashville, Chattanooga, ont St. Louis Peived: 
reports that in the neighbourhood of the Sequatchie Valley 
there is a it of hematite iron ore from 4 ft. to 8 ft. 
ln This it skirts the valley and for many 


Victorian Ratlhway Expenditure.—The amount expended 
“rhe Vittoria up to the present time is about 
18,000,000t., and ‘provision is made in a new loan for an 
expenditure ‘of 1,300,0001. more. Further lines have been 
proposed involving an eee expenditure of 2,000,0001. 


Steel Rails in Hw Cerme .—A contract has 
been let this week at on ery or 4500 tons of of Bessemer 
steel rails for the Hungarian State Railways. In the 
course of this month, a contract will also be let at Sarre- 
brack for 4527 tons of steel rails for the Moselle Railway. 


South Australian Harbours.—The report of a select 
committee on harbour accommodation has been under the 
consideration of the South Australian House of Assembly. 
Port Adelaide engrossed the attention of the 
committee, who express their opinion that the best and 
safest accommodation for ships visiting that port will be 
afforded by ——_ the approaches to the port Le woah as 
little delay as possible. The committee according] 
commend that for the present all the energies of the 
nn ould be directed to the attainment of this 

Krupp and Steel Rails.—Herr Krupp has just tendered 
—and 6000 tons of steel 


successfully—for su 
(to be delivered at Sta in Upper i at 91. 6s 
per ton. This price is Samtieeh’ te be equivalent to 
PL 12s. 6d. per ton at Essen. 
x, - Agetine Nope lic, ae law has come into force in 
terest at the rate of 


Reagaberegh ge ye a be 
ng | fh on Aieating Ta ” 


to be expended 
in connexion with 
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CONTINUOUS RAILWAY BRAKES. 

Tue importance of the railway brake problem is 
at last becoming rapidly recognised, not only b 
railway managers, but ina general way by the travel- 
ling public also, During the last few years a great 
acceleration of speed has come in daily ‘practice ; 
speeds that a short time since were highly exceptional 
have become the rule, and those which were once 
considered apocryphal are now common. But such 
speeds as 60 miles andjupwards, an hour, can only be 
maintained with a permanent way and rolling stock 
as perfect as modern appliances can make them, 
combined with the most rigid inspection, and main- 
tenance of both to the highest possible standard. 
And with the utmost skill in construction, and with 
the utmost care in working, accidents must from 
time to time occur, and accidents occurring at such 
high speeds are almost necessarily attended with 
disastrous consequences. More than ever, then, is 
the complete control of trains a question of increas- 
ing necessity, and the best available means of bring- 
ing a train from a high speed to a state of rest have 
to be found and adopted. 

On almost all of the leading railways in this 
country steps more or less important towards this 
= mrt Se ery On several, continuous brakes 

wholly or ially in use, either for the purpose 
of regular oukag, or held in reserve for caaes of 
emergency ; but for the most part railway managers 
arefeeling their way by experiment before they commit 


-six | POSS! 


emselyes to the introduction of a costly appliance, 
sq which *they must for some time at’ least adhere, 
after they have once ‘decided on its adoption.’ That 
the -utmost caution im arriving at a decision upon 
this important subject is not only wise but necessary 
in the interests of railway shareholders is evident, 
but we fear that in some instances, as on the Great 
ony er example, there is an indifference on >= 
subject, an i to ice, to a dis 
like in’ bringing within the Britian ralwy: dacls 
what may have come ‘into existence ‘outside ‘its 
limits, may be traced apart of the hesitation 
manifested. 


We have so often in these columns considered 
the question of continuous railway brakes, and 
pointed out the requirements of an efficient ap-: 
pliance for the control of trains, that we fear almost 
to become tedious by repetition. But the subject. is 
one of so great importance that it must be our ex- 
cuse for reiteration. The main requirements to be 
sought for in selecting a railway brake which may 
be placed with confidence upon high-speed trains 
may be summarised as follows : 

1. It must be capable of application to every 
wheel throughout the train, if so desired. 

2, It must be so prompt in its action that no ap- 
preciable loss of time occurs between the time of its 
application, and the moment when its full power 
can be exerted throughout the train, 

3. It must be capable of being applied by the 


driver of the engine, and at any desired’ point/ the b 


throughout the train. 
4, It must be capable of application by driver and 
acting in concert, or by either independently 
of the other. 

5. It must under all circumstances be capable of 
arresting the motion of a train in the shortest 
ible distance. - ‘ 

6. It must be so arranged that inthe event of the 
failure of any one of its vital parts, such’ failure 
must record itself by the application of the brakes 


or otherwise ; so that the train, if in motion, may be’ 


automatically arrested, and the existence of a defect 
be thereby made known. 

7. It must, in the event of a train breaking into 
two or more parts, be capable of immediate auto- 
matic application to every vehicle, under all: condi- 
tions, 

8. It must be simple in its construction and in its 
mode of working, and not be more liable to derange- 
ment in any of its parts than any other portion of 
the mechanism on the train. 

9, The duties it is called upon to perform must be 
done by the apparatus itself, and not by the addi- 
tion of any auxiliary contrivance called in to aid an’ 


ph | appliance which cannot of itself fulfil the necessary 


conditions. 

10. It should preferably be inexpensive for first 
establishment,'‘and necessarily cheap in maintenance, 
for if the latter condition be not fulfilled, constant 
watching and frequent renewals would be pe: 
and the eighth requirement named above would not 
be complied with. 

This fist of requirements could be extended, but 
it embraces almost all the most important points, 
which are so evident as scarcely to call for any com- 
ment. The ‘second condition above-named, ranks 
high in importance. It makes all the difference be- 
tween the safety and destruction of a high-speed 
train, whether two seconds oreighteen elapse be- 
tween the application of the’ brake, and full 
development of the retarding force on the wheels. 
A striking illustration of this occurred about two 
weeks since on the North British Railway, with the 
fast Scotch express 7 from Carlisle to Edin- 
burgh. On approaching Kershopefoot about 6 a.m., 
the driver of the train noticed fire flash from the rails 
four times at very shortintervals, With most praise- 
worthy caution, he reduced his speed to about 30 
miles an hour, and almost immediately after 
over a fog signal. Upon this he applied the brakes 
and brought the train to a stand within ten yards 
of a goods train that had broken down and blocked 
both lines. Only about 12 seconds elapsed from 
the time of passing over the last fog signal which 
alone had exploded, until the train was brought to a 
stand, and the distance run in this time was 
probably less than 300 ft. In this case, instan- 
taneous action of the brakes alone saved the train. 
This incident gives also an illustration of the import- 
ance of the driver being able to control the brakes. 
Had he in this instance been obliged to signal the 
guard, a few invaluable seconds would have been 
wasted, and the collision must have occurred. 





A railway accident which very recently took. place 








the river, noe ony Siete 0 The‘ cause 
as follows: the driver, who had been ini the habit of : 
relyin pepe the vacuum brake with'which thé train» 

as’ fitted, attempted as usual to stop his hire 

ut found that the tus had failed/-dnd i 
him helpless at the ‘thoment. No: r 
had been given of this failure, no warning, in favt, 
could be given ; the brake was simply. erless to” 
act when called upon, and the results above narrated 
oceurred. But if the brake had been able to speak 
for itself, and to call attention to ite failure by auto- 
matically stopping the train, no such accident could 
have occurred. Dom 

To give a third and final illustration, this time for 
requirement No. 7. We described in’ a recent 
number (see ante, page 469) the Heely accident to 
the hy 7p express, which, \ when running at a 
very high speed, parted near Sheffield, the forward 
portion running on, ‘and the rear part being broken 
up and leaving the rails.’ ‘The separation 
train threw every brake-block into action, pulling 


up the un portion, and -so0 reducing the 
yelocity of the scattered 

rake rigging’ was: sha’ r contact with 
the sleepers and ballast—the brakes, had done suffi- 


cient work to bring the carriages’ to rest. with but 
little damage, and without serious injuries to any 


passenger, ’ glieisd od 3 
We have said that « continuous ‘brake should be 


fais oe tare (We ort Py dent for the 

its duties upon any’ iary appliances 
called in to helpit, and we think this ill be at once 
seen to be animportant’condition. - For, ifit be con- 


eeded that the driver—who must be the first to- see an 
approaching danger—should have the meansof at once 


bringing the whole brake power available to bear, 
it is obvious thah arty ‘applinate te Mapariscband in- 
complete, if he has to signal for'co-operation from 
the guards: Auxiliary appliances, ' too,’ mean com- 
plication ; they mean multiplicity of ‘parts, increased 


of simplicity of arrangement and non- 
accident are  rytivioda ante hledtapemanita Give 
different systems a efficient in their action, and 
that one will be the better which requires 50 ft,instead 
of 100 ft. of pipe, and one-instead ae 
vineh by low Mikaiy 0p he Goteoyeds Titan cat abo: 
ess to b ad, ‘Thus,’ on 
Pennsylvania Tailrosd-aho whole of’ the rolling 
stock of which is fitted with the Westinghouse brake 
almost innumerable rcbberies of the cou 
occurred, attended with great destruction e 
rubber hose, until the material was changed from 
gun-metal to cast iron: 

It may pe considered that all the requirements we 
have enumerated as being essential for an efficient 
railway brake, cannot be combined in one apparatus. 
We do not propose on the present occasion to 
discuss whether or not such a combination has been 
hitherto perfected, but simply record the fact’ that 
the whole of these’ functions are necessary ‘for: the 
control of trains, and that ae ee ape well 
in hesitating to adopt any system which is unable to 
perform them. We shall; however, take an earl, 


Newark in the summer. of 
time, however, Mr Westi 
Mr. Smith also, has made 
ments. in’ the details of a 
in its latest form,’ the automatic: , after don- 
siderable experience with it in America, ds.now 
fitted' on the: niore im trains. 

Midland Railway, where it hasbeen; + a8 We 
have seen, the means of the effect of one 
very serious accident, and of preventing a second 


= 
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which is the best continuous brake at present avail. 
able, Mr. D. locomotive tendent 
of the North British way, has recently had two 
exactly similar trains equipped, the one with the 
Westinghouse automatic, and the other with the 
vacuum brake, and he proposes, first by a series of 
experiments, and subsequently by the results of daily 
work, to test these two systems, and to satisfy himself 
which of them nearest fulfils the ne condi- 
tions of apparatus for the efficient control of trains. 

Carried out by byso able a man as Mr. Drummond 
—who being entirely unprejudiced, desires to ascer- 
tain what is most adapted for his line and to use 
that system which capalonen shows him is the best— 
these trials will have a value, which—though far more 
extended—those at Newark did not possess, and we 
feel assured that every one, including Mr. Westing- 
house and Mr, Smith, will rest satisfied with the 
ultimate verdict of Mr. Drummond, which will be 
based upon the large and varied rience obtain- 
able upon the extensive réseau of lines which he 
controls, We shall in a future issue devote consider- 
able space to the consideration of these important 
trials ; for the present, however, we can only refer 
to them generally, because, owing to an unforeseen 
occurrence, they were left unfinished. 

The circumstances under which they came about 
may be briefly referred to. Some two months ago, 
Mr. Drummond, having determined to settle to hi 
own satisfaction the vexed claims for superiority 
put forward by the automatic and the vacuum re- 
presentatives, gave to each a similar train which was 
to be equi in the completest and most perfect 
manner. After a short time the Westinghouse train 
was finished and ready for trial, but many delays 
occurryd before the vacuum train was reported in 
running order, At last, however, it was finished, 
and invitations were issued to the leading railway 
men throughout the country, to be’ mt at the 
trials, w! were to|be commen on Tuesday 
morning last. The Westinghouse train was taken 
out first, and ran from Edinburgh to Cowlairs over 

d — oa che al ievel = 
and the ts of which are y level. Some 
dozen stops were made in running out, and eighteen 
more in to Edinburgh, where the vacuum 
train was to be taken out fora trial, The vacuum 
train, however, did not appear, and after much 
vexatious delay it was found that the gentlemen who 
had been assembled from all parts of the country 
would have their journey for nothing, as far as com- 
parative trials were concerned. It was stated that the 
cause of the failure to come to trial was as follows: 
The representatives of the Vacuum Brake Company 
had borrowed from the Great Northern Railway 
two vans containing pumping apparatus to act as 
auxiliary appliances, and help out the ejector in pro- 
ducing a quick stop. One of these pumps had, it ap- 

» become, at the last moment, too much de- 
ranged to render trial possible that day, and hot axle- 
boxes were further reported as justifying delay. The 
further trial was, therefore, postponed until Friday, 
the 22nd instant, when it is to be hoped that a large 
nee oy aby: tpn any a pe As 
on W ony t, the vacuum train had a test run 
and was reported, by those interested, to be in per- 
fect order, there is no fear of anticipating a second 
failure similar to that which delayed the trials on 
the last occasion. 

Under the circumstances it would be of course 
pete to of the performance of the West- 

nghouse train, further than to say that the results 
obtained were just about the same as are to be 
relied upon in the conditions of rer ey practice ; 
but there are several interestiug details con- 
nected with the trials which should be described 
here, details which will enable better and more 
certain records to be made than have been ible 
pe ere brake trial. Almost for the first 
this country, the i ious, and as was 
Mr. Westinghouse, 
i te. 


at an 
time 
icator 0! 


wheels of which, as 
blocks were fitted. A tenth vehicle formed 


as to the engine and tender, | taking 
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A gauge for recording the variations of pressure in 
the brake pipe was also inthe van. As soon asany 
pise em previously decided upon, wasreached and 
icated upon the the si was given 
through the wire from the van to the engine, the 
brakes being applied atthe samemoment that a return 
signal intimated the fact to the operator in the van. 
As soon as this return signal was heard, the time 
taken to bring the train to a stop, was ascertained by 
@ chron , and two diagrams were taken by 
Richards’ indicators adapted for the purpose, the 
one showing the speed of the train at the moment 
when the brakes were applied (thus checking the 
speed gauge), the distance run before the train was 
stopped, and the te | influence of the brakes 
throughout the period of their application. The 
diagrams taken by the second indicator showed 
the distance run before the full power of the brake 
was developed, while the time required for the 
brakes to set on at the rear of the train was 
obtained by a second observer with a chronoscope, 
who recorded the number of seconds and quarter 
seconds that elapsed, from the falling of the brake 
— gauge to zero, to the stopping of the train. 
is period deducted from the time taken in stop- 
ping, reckoned from the first stroke of the electric 
signal given from the engine, gave the time re- 
uired to set on the brakes throughout the train. 
f course this latter observation could only be made 
when the experimental van was at the tail of the 
train ; the loss of time recorded varied from three- 
quarters of a second to one second and three-quarters, 
For a detailed and illustrated description of the 
Westinghouse train indicator, we may refer our 
reader to page 204 of this volume. Its action depends 
on the centrif force developed by two revolving 
weights driven by one of the axles under the train, 
and applied to control the escape of water pumped 
under pressure, also by the motion of the train. As 
the speed of the train varies, the centrif force of 
the revolving weights will also vary, but as the 


square of the speed, and the effect produced upon 
the water under ure varies also in exact pro- 
portion; these fluctuations may then be off 


upon a gauge properly graduated and connected 
with the ps tor of the instrument. The 
whole of the motion required is obtained from a 
belt driven by an axle, to the wheels of which no 
brake blocks are attached, and this belt passes over 
@ pulley in the instrument, and drives through 
suitable gearing the two small plunger pumps 
which draw water from a reservoir in the bottom of 
the apparatus, and deliver it first into one and then 
into a second spring-loaded accumulator, the first, 
however, being placed vertically and the second 
horizontally. 4 is to the latter that a small relief 
valve is fitted, which allows water to escape from 
it, according to the varying produced by the 
centrifugal action of the revolving weights that are 
driven by the same pulley that actuates the pumps. 
The relief valve is provided with a spindle, one end 
pressing on the underside of a lever, on the other 
side of which the end of the rod carrying the re- 
volving weights takes a bearing. This lever, with 
its fulcrum at one end, is placed in a recess formed in 
a bar to which a transverse motion can be given by 
means of nuts, and by turning these nuts, and thus 
altering the ratio of leverage, the amount of 
me by the centrifugal force u 
the relief valve, can be re 
nicety. 
Water a the same aoeneeetes as that Lem, 
actuates ey tae @ experimen 
apparatus on the North British train, employed to 
work the two Richards’ indicators already referred 
to. The motion for the drums of the latter is taken 
off the main pulley of the speed indicator, but re- 
duced sufficiently through two worm gears. The 
ratios of tween the pulley and the drum 
being exactly determined, the distance meena Oy 
the train in makin ay anny gre . 
while the height above the zero line, at which the 
i terminates, gives also the speed of the 
train at the moment of applying the brakes, and 
thus the readings of the speed gauge can be checked. 
As already stated, a second indicator forms a part 
of the experimental apparatus, and is used for 
ing di to show the distance traversed by 
the train before the brakes are fully applied. The 


with the utmost 


tal | foregoing gives as clear an idea as it is possible to 


convey without drawings of the — prepared 
for testing the performances of the automatic and 
vacuum brakes on the North British Railway. 


nm the spindle of | stock, 





Their efficiency was thoroughly tested on Tuesday. 
On the run from Edinburgh to Cowlairs about a 
dozen stops were made and the results recorded, and 
eighteen similar riments were tried on the 
return journey. Diagrams of each stop were taken, 
and the whole operation was completed in from 12 
to 35 seconds, a to the time required to 
pull up the train, e element of uncertainty 
arising from misapprehension of distances run, of 
speeds attained, and so forth, are entirely elimi- 
nated, and moreover the character of each brake 
application is clearly shown in the diagram; so 

t not only can a _ deal more experimental 
work be got through in a given time, but the 
results obtained are absolutely reliable, and the re- 
lative performances of different brakes can be com- 
pared with the utmost minuteness, It, should be 
mentioned, by the way, that the speed gauge em- 
ployed on Tuesday recorded velocities slightly in 
excess of the truth, but this can be easily obviated ; 
indeed the error corrects itself on the diagrams taken. 

In conclusion we may mention that four gentlemen 
were appointed to form a committee and take charge 
of the trials: Mr. William Cowan, Locomotive Super- 
intendent of the Great North of Scotland Railway ; 
Mr. Barton Wright, Locomotive Superintendent 
of the Lancashire and Yorkshire ; Mr. Haswell, 
Chief Assistant Locomotive Engineer, North-Eastern 
Railway; and Mr. Stirling, Local Superintendent 
of the Glasgow and South-Western. . Cowan is 
acting as Chairman of the Committee, and as we be- 
fore stated the experiments will be resumed on 
Friday the 22nd inst., when we trust a large number 
of visitors may be again present. 





TRAIN COMMUNICATIONS. 

SEVERAL disasters which have recently occurred 
have called prominent attention to the at present 
unsatisfactory means provided for intercommunica- 
tion on railway trains. In 1868 an Act was 
passed, ordering that after the 1st of April, 1869, 
every train travelling more than 20 miles without 
stopping, should be provided with a means of com- 
munication between mgers and ee 
February, 1869, the Board of Trade sanctioned, 
conditionally, the adoption of the cord system. 
Three years after—on the lst of August, 1872— 
Captain Tyler reports “ the result of the working of 
the cord system has not been satisfactory.” The 
system alluded/to is that known asthe North-Eastern 
system, from its having been first adopted on the 
North-Eastern Railway; but the tests made by 
Captain Tyler, and upon which his report is mainly 
based, were effected on the stock a4 the North- 
Western and Great Northern companies. In either 
case the fittings were complete, and from the period 
which had elapsed since the adoption of the system, 
its application must have been well understood, and 
any system of testing it by the railway officials 
prior to the departure of the trains, must have been 
thoroughly established. In fact we read that “at 
all the terminal stations, and all the principal junc- 
tions at which the trains are liable to be broken up, 
or to have vehicles attached to them, there are 
men specially charged with the care of this appa- 
ratus, and having no other duties to attend to 
during the stoppages of the trains.” 

After detailing the method by which the apparatus 
is attached to the several portions of the rolling 
and the means by which the alarm is raised 
Captain Tyler proceeds to give the result of his 
tests thus: ‘In commencing my investigations it 
occurred to me to test the apparatus in the first 
two trains which I happened to meet. I, therefore, 
travelled, as an experiment, on the 31st of July, by 
the 12 o'clock (noon) train from Euston to Man 
chester and the North, and tested the cord com- 
munication ten or twelve times between Euston 
and Willesden, five and a half miles, I pulled 
the rope sometimes with a bias towards the front 
van, and sometimes towards the rear van, some- 
times with a harder pull, and sometimes with 
a less hard pull, The bell was rung at least 
three times in the front van, but at other times, 
during some of which the rope was pulled down 
to the bottom of the window, it was not rung. 
The apparatus acted well about five times in the 
rear van, but it was several times prevented from 
acting in that van by the cam on the wheel having 

the striking gear of the bell, and by this cam 
not having been ag as at other times naa 
original position.” ‘These experiments were e 
rapidly, and the and others in the vans were 
aware of their being made, and were on the look out. 
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‘*T made a second experiment with the 7.15 a.m. | October, 1871; during which period 61 stoppages MAKIN 
i — Tey be rit train a were charged to it, viz. : oi . aes pay = Mg gies ae 
irmingham, due at London at 12.45 noon. I met Mail bags in van at (Oat otsanpoe ; ( 
fiotaie'a Wiletios’aad ne n'withadea| eee’ ™™ cto | Onsm Pommotnmy of Gus ran Cannone Ao, 
carriage with it to Euston, I first tried the rope Soesenges fanen ‘ : Pod Mood des extnltion of: anste enld toon adel deny and 
before starting, from the front van, along about five| Carriages offline =. «S|, nome at all to the influence which it has Seen the 
carriages, to the engine, when the steam jet was at} Coupling unhooked ee So ae)  iagimiinnl Sncamttieen sitet patente urifioation. 
once opened, On visiting the front van, I found ts train ee | This substance is largely contain in de 
the cord was not in working order. It had not Man walking on steps of carriage .. «. 1 in amount poe Peg to the kind of gms, 
been passed through the p ¥{ between the bell]  {Letier bag fallen under the wheel... i | used, from 3 to 7 per cant ; but it wee no 
and the side of the van, and, though threaded} Colonel Yolland testing ~~  . 1  |muisanceto the consumer, the only effect of this 


through the J ym at the top of the ceweight, 
it had got off the top of that pulley. This having 
been set right, and the apparatus at the rear having 
been found to be in order, the train started,” and the 
experiments then made were successful. 
ing of similar experiments made on the 
17th and 20th of July, Captain Tyler remarks: ‘‘ The 
cord was found, when required in practice, to be 
uite useless as a means of communication between 
the passengers and the servants of the company. It 
was tried in both cases under circumstances favour- 
able in all respects for success; on the 17th of 
July, with only four vehicles between the tender and 
the leading brake van ; on the 24th of July, with 
only seven carriages between the two brake vans. 
The passengers who vainly essayed to use it, from 
real risk and necessity, were strong cool-headed 
men, exceptionally accustomed to railway travelling, 
and usually well qualified to make it succeed. The 
apparatus was, according to the evidence of the 
servants of the company, in perfect order, and had 
been coupled up, adjusted, and tested in each case 
before the starting of the train.” 

On the 4th of August experiments were made on 
the Great Northern stock with no better result, for 
the report says: ‘I pulled the cord into the car- 
riage for a length of about 18 ft., until it reached 
the opposite window...... then pulled with 
some violence in both directions and I wound 
the cord round and round the arm of the seat of the 
carriage. There were twelve vehicles in the train. 
I rode in the third vehicle from the engine, one 
carriage only having been between that in which I 
rode and the front van.” On reaching Retford the 
guards were regaled with a sight of the quantity of 
rope which Captain Tyler had ulled into the com- 
partment in which he travelled. They were quite 
unaware of any one having touched it. 

With a series of results such as these it would 
indeed have been difficult for any responsible person 
to have arrived at any other conclusion than that 
the system was a failure. Although spoken of as 
the most simple, the most practical, and most easily 
applicable for the purpose required, it nevertheless 
requires more attention and more time devoted to 
it than that other means which has so frequently 
been urged as the only means calculated to solve 
the difficulty. Not only must the cord couplings 
be complete between the carriages and the vans, 
and between the leading van and the engine, but 
also the bells in each van must be wound up, 
the cord properly threaded and wound around the 
wheel, the slack must be taken up, the cam adjusted 
to its proper position on the wheel, and the balance- 
weight properly arranged. In many instances we 
have as a means of communication merely a cord 
passed through the handles of the carriages, com- 
municating with the wheel on which it is wound, 
and which is fixed in the vans—to all ap ce the 
merest pretence at a compliance with the terms of 
the Act, for it is impossible any reliance can be 
placed upon so thoroughly an extemporaneous ar- 
rangement. 

The broad fact is the cord system is, and has for 
years been, a failure. Its failure has been officiall 
made known to the Board of Trade. ‘The want of 
the communication still exists, and the Act requir- 
ing its provision is not dead. Why, then, is the 
present unsatisfactory condition to which the 

uestion has been brought allowed to continue? 

n the South-Eastern Railway a system, worked 
electrically, has been in use since 1866. It is iden- 
tical with that introduced by Mr. W.H. Preece in 
1864, and for some years employed on the London 
and South-Western Exeter expresses. wed train 
on the South-Eastern is now fitted with it, whether 
itruns twenty miles without stopping or not. Fora 
long time—and we are not sure that Mr. C. V. 
Walker, the well-known electrician to the company, 
does not still do so—an account was kept of the 
uses to which the communication was - We 
are able to reproduce here the following statement 
which occurs in Captain Tyler’s report, and which 
is a record of its doings from April, 1867, to 





Without cause, é.e., gonsrally from curiosi 41 

There is surely sufficient in this aor t the 
repeated failure of the cord system to recommend— 
if not its absolute adoption—a more extended trial 
upon other lines of railway. The South-Eastern 
Railway has been the pioneer of the electrical means 
of communication, and it has done well. It has 
laid out some money in establishing that which is 
workable, and its cost has thus been but once in- 
curred, Other companies have also spent much 
money in seeking to solve the question, and it is to 
be feared they have rea but little advantage by 
it, unless it is to prove that further cost in the same 
direction is useless. With them it is evident a 
further cost must be incurred before anythin 
satisfactory is attained. But it is questionable 
these companies, even with the experience of the 
South-Eastern system before them, will be induced 
to take any further steps until the Government has 
spoken further upon the matter. It was at the in- 
stigation of the Board of Trade that railway com- 
panies were induced to take the question up. It 
was with its provisional concurrence the cord system 
was sanctioned. ‘The failure of that system has 
been publicly notified by the Board of Trade in- 
specting officer, and has by that officer been ry oaneng 
to the Board. The matter thus rests in its hands, 
and it is but reasonable to expect that a Govern- 
ment department whose duty it is to provide for the 
public safety, and which has accordingly hitherto 
—— upon the companies the views entertained 

y the Board, of the importance of the question, 
should take the next step. The fact that the cord 
system was adopted with the concurrence of the 
Board of Trade, that it has been shown and a 
by their own officer as incompetent and unreliable, 
casts upon it thus far the onus of the next move, 

In fact, this question of passenger and guard 
communication merge very much in a parallel with 
that of brake power to which we directed attention 
in our issue of the 13th of October (p. 323 anfe). 
In this matter railway companies are at a discount, 
awaiting the issue of the inquiry instigated by the 
Railway Commission, the facts of which have long 
been in their hands. The adoption of a proper 
brake system will involve the fitting of every coach, 
and the adoption of any electrical system should in 
like manner, in our opinion, vr a to the fitting 
of every passenger and guard vehicle. 

Siessbren, - are of opinion with Captain Tyler 
that the limitation of the communication to trains 
running over 20 miles without stoppage is an error 
which should be corrected without delay. The fact 
that danger may be encountered between station 
and station has over and over again been illustrated 
in the most practical manner, and ample evidence 
of the fact is available. 

In the meanwhile it is to be feared that the present 
status quo will have to continue, unless the companies 
should care to adopt an invention recently brought 
under our notice, and which consists of an electric 
rope—that is, two wires in the form of a rope—with 
slip connexions at given distances, so arranged 
that on its being pulled, the tension thus thrown 


Y]upon these parts brings the one wire into circuit 


with the other, and so causes an electrical bell to be 
rung in each of the guard’s vans or on the engine, 
The system is that already referred to ; its speciality 
consists of its convenience in arrangement, viz., in 
the electric cord, which can be passed through the 
handles of the carriage doors of any train as soon as 
it is made up. In fact, it embraces all the advan- 
tages of a permanent arrangement combined with 
a minimum of wear and tear, and is in every way 
deserving the attention of both the Board of d 
and our leading railway — We propose in 
our next impression, if possible, to give a more de- 
tailed description of the apparatus. 





Brie1an Mecuanicat Inpustry.—M. Von den Ker. 
chove, of Gand, has obtained orders for the construction of 
two steam engines, each of 1000 hérse power. The 
are to be on the Corliss system. They have been 
by Belgian firms. ; 


kind from — in purified gas being to add 
needlessly, although in an almost inappreciable 
degree, to the carbonic acid produced in rooms when 

is burnt, Hence no logiativ penalty has been 
imposed upon its presence in purified gas, and it was 
not customary for gas-makers to adopt any special 
means for its removal. Even in London, where 


the test attention has been paid to purification, 
Dr. Letheby used to state the amount of carbonic 
acid in the purified gas as 


yr to the public at 
from 1 to 2 per cent. In the gas supplied to the 
office of the Gas Referees in the sp of 1872 
(from the Pimlico works of the Chartered Company), 
the average was found to be about 14 per cent, of 
CO,. Indeed, even where lime was extensively em- 
ployed in purification, as at the Bow and Beckton 
works, carbonic acid was frequently contained in 
the gas supplied to the public. 

Dr. Letheby and others used to recommend the 
extraction of carbonic acid as a separate and con- 
cludin of purification by means of lime, 
so . e rarer se — ae ate — advice, and I 

ave frequently been to ndon gas-managers, 
that this course was not wali adopting, the cost 
of it, in their opinion, neutralising the increase of 
illuminating power obtained by extracting the car- 
bonic acid in this manner, 


A point to be here observed in connexion with 
my subsequent remarks is, that whenever the ex- 
traction of carbonic acid was recommended it was 


invariably prescribed to be done /as/, as thu final 
stage of purification. Dr, Letheby, in a lecture de- 
livered before the Gas rs’ Association in 
1865, laid down the following rule: ‘The order, 
then of purification is this: 1, slow but complete 
cooling ; 2, washing with ammoniacal liquor; 3, the 
removal of ammonia by water or acid; 4, the ab- 
straction of sulphuretted ares. 1s by lime or oxide 
of iron; 5, carbonic acid.” And in seo, when ad- 
dressing the medical officers of health on gas purifi- 
cation, he gave precisely the same order of purifica- 
tion as the best that could be adopted. So ie does 
Clegg’s standard work on ‘‘ Gas Manufacture” in its 
latest edition (1868), where the extraction of CO, 
last of all is expressly enjoined wherever the subject 
is referred to—as for example on page 191, where it 
is said, ‘‘ The use of lime subsequently to that of owide 
of iron ought never to be omitted.” 

Now, as I was the first to show, and is now uni- 
versally acknowledged, all this was a fatal mistake. 
Carbonic acid, instead of being the harmless and un- 
important substance which it used to be held, is the 
most important of all the impurities, and, as it used 
to be treated, the most serious obstacle to efficient 


purification. By thoughtful consideration of its 
chemical action, confirmed by iments, I came 
to see that it is absolutely indis ble that the 
carbonic acid should be comple extracted from 


the and also that this should be done in a 
who Be crn manner from that in use or from 
any had previously been suggested. Indeed I 
discovered that it was the unnoticed action of the 
CO: which had chiefly occasioned the failures to 
overcome the ‘sulphur difficulty,” which for twenty 


years had baffled the ablest ineers and 
chemists. As the President of the Gas 
rs’ Association stated two years ago, ‘the 


non-removal of carbonic acid is now clearly proved 
to stand in the way of effective purification; and 
it may not here be out of _— to express my, 
sense of the obligation under which we stand to Mr. 
Patterson for clearing up this point, at a time when 
all the engineers and chemists were fairly puzzled.”* 
The mischievous effect of carbonic acid in gas 


purification which I brought to light was this, 
that CO, has a superior chemical ity for lime, 
as for other 


e substance employed in gas 
purification (such as the eienailaael iquor formed 
in the scrubbers) than sulphuretted pe. acrben and 
bisulphide of carbon have; and that consequently, 
no sooner does the lime or the gas ase besens 








* See Enarngrrinea for June 19, 1874, where Mr. 
i ’s inaugural address is given in full. 
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saturated with these varions gas impurities than the 
CO, expels) the sulphur im all forms, driving it off 
again into the gas. In the Bre agp 
to remedy this fundamental defect in gas purifica- 


tion, I converted the hitherto mischievous effect. of |, 


the carbonic acid into a positive advantage, . viz., 
I made use of the superior affinity of CO, compared 
with SHy for alkaline substances in such manner 
as to extract the CO, first of jall, while simul- 
taneously driving forward the SHy, by itself, into 
subsequent alkaline vessels (whether containing 
lime, soda, or ammoniacal liquor), whereby the 
contents of these latter vessels are converted into 
ure alkaline sulphides, ae of extracting the 
Pisulphide of cathtth which had so long baffled 
the gas com s and their consulting chemists. 
It had been known for a quarter of a century asa 
chemical fact, ascertained in laboratories, that al- 
kaline sulphides. (or rather, some of them) are 
capable of absorbing bisulphide of carbon, and this 
had been tried in gasworks both with lime and with 
gas liquor ; but these attempts had all failed, because 
no notice was taken of the action of the carbonic 
acid which, by desulphuretting the material, pre- 
vented the uction of ine sulphides in 
sufficient purity or quantity to absorb and retain 
the bisulphide of carbon. Hence it came to be 
believed that neither by this or any other means 
could the bisulphide of carbon be got ridof. Hence, 
too, it happened tbat the extraordinary and unac- 
countable shenemsende was ever and anon witnessed 
that the purified gas contained much more bi- 
sulphide of carbon than the crude did !— the 
explanation, as I was the first to show, being that 
on some days the portion of bisulphide which had 
been absorbed was driven off again by the CQ,, 
and appeared in the purified gas along with the 
ordinary quantity contained in the crude gas. 

Thus carbonic acid plays the most important rd/e 
in purification, and if it be taken out first and 
completely, by the process above described, all the 
rest of the purification follows naturally and simply. 
Yet so wholly was the action of CO, overlooked, 
and so extensive was the mistake thus made, that 
it not only caused the long-continued failure to 
solve the» ‘sulphur question,” but in not afew 
cases produced erroneous directions relative to the 
extraction even of sulphuretted bydrogen, which in 
itself is a most simple ae to deal with. For 
instance, as every one will now observe at a glance, 
even as regards sulphuretted hydrogen, Dr. 
Letheby’s above-quo directions were quite 
wrong, indeed unworkable; for he prescribes ‘ the 
abstraction of sulphuretted hy: by lime” as 
a precedent process to the abstraction of the ‘ car- 
bonie acid ;” whereas, if CO, remained after the gas 
had through the lime, it is impossible that 
the lime could have retained any of the SH, be- 
cause in such @ case the lime must have been wholly 
carbonated, and inert upon the sulphur in all forms. 

Having shown the important ré/e which carbonic 
acid can be made to play in gas purification, and the 
absolute necessity for extracting it all before the 
gas can be efficiently purified from sulphur, I shall 
now proceed to show that the entire extraction of 
carbonic acid is hi pou ees upon other grounds, 
namely, as directly profitable in a pecuniary form 
to gas companies. I do not. think that this feature 
of the case is, as yet, fully understood by gas 
companies; certainly in most gas works it is not 

et practically appreciated, and, except in London, 

O, is still to be found extensively in purified gas. 
I shall first show the great profif on the sale of 
gas which results from abstracting all the carbonic 
acid ; and thereafter I shall reed m: eel re 
cost (if any) in purification by whi is profitable 
a is et age 

As already stated, Dr. Letheby used to give the 
average amount of carbonic acid in London gas at 
from ] to 2 per cent. What does this imply? Une 
per cent. of CO, is stated by “Clegg,” on the 
authority of Dr. Frankland and also of the late Mr. 
G. Lowe, to reduce the illuminating power of gas 
(i.e., its selling value) to the extent of 6 per cent., 
and 2 per cent. of CQ, reduces the illumivatin, 
pawer in a greater proportion, London gas us 
to. contain af east 1.3 per cent. of carbonic acid, 
the removal of which would, according to these 
authorities, increase the illuminating power of the 
eae (say) 8 per cent. By removing the CU,, 


course, of the ce would be corre- 
sponding reduced, é:z.; .3 percent. Thus 
each 1000 ft. of the gas be to 987 ft. ; 


but the illaminating power of this lesser quantity 


r : a | 
ter than before, so that the'987 ft. would give 
a light equal to 1067 ft. of the same gas containing 
1.3 per cent. of CO,.---Thus- by removing the OO, 
there would be a net gain of about’'7(0 ft: on ‘every 
1000 ft., or 7 per cent, Put into the form of monty, 
this net gain of 7 per. cent. will show thus: The 
price of 1000 ft. of 16-candlegas in London is 3s, 9d., 
and 7 per eent. on this is~3.b6d., or more than $d 
on every 1000 ft: of London gas. ; 
This shows an ithmense gain to gas companies; and 
the only possible set-off against it, viz., from an in- 
crease in the cost of purification, is next to nothing. 
The ‘utmost extra cost of a system of purification 
which includes the entire extraction of CO,, can 
only arise from the small additional quantity of lime 
(or, as [ prefer, of revivified gas liquor, as cheaper and 
better) requisite for as the portion of CO; 
which formerly was left in the , while by my 
process (whereby the bisulphide of carbon is also re- 
moved) the lime is economi as I may show on 
some other occasion. Meanwhile I may observe 
that the highest statement of the extra cost of my 
new process, when even lime is used, given by Mr. 
F.J. Evans (certainly no friendly critic) is only 
one-twentieth of a penny per ton of coal distilled ! 
But the most satisfactory statement of the case 
that can be given or desired, is that derived 
from practical experience. Mr. G, Livesey, in his 
inaugural address in June, 1874 (already referred 
to), after speaking of- my new process of purifica- 
tion, said, ‘‘ It is well known that the presence of 
COx in gas diminishes the illuminating power ; it is 
therefore worth while, on that ground alone, to re- 
move it..... By using gas liquor not brought 
quite to the caustic state, the whole of the gas made 
at the South Metropolitan Works has for the last 
three or four months been deprived of its CO, to 
such an extent, that on leaving the scrubbers there 
is hardly a trace of this impurity.” As to the result 
he says, ‘I can state that while using nothing but 
Newcastle coal from the Holmside Colliery during 
the past three months, without a particle of cannel, 
the gas has never been below 16 candles, and has 
averaged 16.5 candles.” It is true he added that at 
that time he thought that some portion of this great 
increase of illuminating power might be attributable 
to ‘‘slow condensation ;” but he did not state that 
during these three or four months he had made any 
change in his condensing apparatus, and to the best 
of my belief he had not. 
To. make 16} gandle gas ‘‘ without a particle of 
cannel” is certainly something novel in gas making. 
In fact, the adoption of the new system of purifica- 
tion, by which the whole of the carbonic acid is 
extracted in a particular manner, by increasing the 
amount of light obtained from any given quantity 
of coal, is equivalent in its effects to the invention 
of an improved system of distillation—any given 
quantity of coal now yielding more light than before. 
Let us see what the published accounts of the 
South Metropolitan Company show upon this point. 
In 1871 (the year previous to my invention) the 
uantity of coal distilled at those works was: 
ommon coal, 63,462 tons; cannel, 5309 tons. 
During the past twelvemonths the quantity was: 
Common, 92,904; cannel, 630 tons; while the 
quantity of gas sold appears to have been fully 
40 per cent. t than in 1871, the illuminating 
power being the same. If any one will make 
the ——— he will find by 4 pe aggear ea 
gas e of 40 cent., i system 
of purification a. el retained, and maintainin 
the same proportion of cannel, the coal 
during the twelve months ending on the 30th 
of June last would have stood thus, which is simply 
adding 40 per cent, to each kind of coal as used in 


1871: 
Common. Cannel. Total. 
tons. tons. tons. 
1871 63,462 5309 68,771 
1875-6 88,846 7482 96,278 


Whereas the coal actually used during the past 
twelvemonth stands thus: 


Common. Cannel. Total. 

tons. tons. tons. 

1871 63,462 5309. 68,771 
1875-6 92,904 630 93,534 


Thus the 40 per cent, increase in the quantity of 
gas sold has been obtained by using 4058 tons more 
of common coal, and 6802 tons less of cannel, than 
if the old system of neglecting the carbonie acid had 
been still in operation. Let us see what this means 
in pounds sterling. Judging from the published 


accounts of the company, the price paid for common 


per ton; so that. the extra 4058 tons of common 
coal would cost 3093/, On the other side. is to be 
placed the saving of cannel to the extent. of 6800 
tons, . Let us first. proceed as if the kind of. cannel 
now used were the sameas in 187], viz. Wigan, 
which now sells at about 30s, a ton ; then the saving 
of 6800 tons at 30s, would be equivalent to 10,200/. 
Deduct from this the extra quantity of common coal 
used (costing 3093/.), and the net gain is 7107/. 
But a slight deduction from this saying in coal has 
to be made, the cannel now used at the 
South Metropolitan Works jis, I believe (and as the 
accounts seem to show), of a higher quality than 
that used in 1871; and the price per ton a probably 
45s., as against Wigan at 30s.. This would reduce 
the gain on'the coal to the extent of 4731, or 15s. 
on each of the 630 tons of cannel used during the 
past tw2lvemonth; making the wef gain on coal 
6634/, per annum. 

As to the cost of purification, it does not appear 
to have increased beyond the 40 per cent, natural to 
the,increased gas make ; but the figures cannot be 
exactly compared. In 1871 only the material was 
charged under the head of ‘ purification,” along 
with ‘‘ incidental expenses at works,” but without 
the wages for labour, which nearly constitute 
one- of the whole cost of purification. In the 
balance - sheet for 1871 the cost of purification, 
without labour, was set down as 1358/.; add an 
equal sum for wages, and the amount in 187] would 
be 2700/.. Add 40 pe cent, fur the increased gas 
make, and, if the old mode of purification had been 
continued, the cost in the past year would have 
been 3780/. The actual cost during the past twelve 
months has been 3314/., or somewhat /ess than bec 
far as I can make out) it would have been under 
the oldsystem, I repeat that owing to the change 
that has been made in the form of accounts, I do 
not give the above statement relative to ‘‘ purifica- 
tion” with any confidence ; but I think it is at least 
apparent that if there have been any increase in the 
cost of purification, it has been so small as to be of 
little account. 

Thus, then, since 187] there appears to have been 
a saving of coal at the South Metropolitan Works 
of about 6634/. a year, with no appreciable increase 
in the cost of purification, This is equivalent to a 
gain of fully 9 per cent. upon the total cost of coal 
at those works (which last year was 72,294/.), a 
gain which corroborates, but somewhat exceeds, 
that which I gave at the outset, by reckoning the 
amount of CO, which used to be in London 

at 1.3 per cent. (a low estimate), and —s the gain 
in illuminating power from the removal of CO, as 
it is given in ‘* Clegg.” 

The gas-make at the South Metropolitan Works 
is about one-seventeenth part of the whole gas-make 
for the mae, Multiply 6634/, by 17 and we 
get in round figures 112,000/. a year, a pretty good 
gain to be made by the London gas companies from 
the new system of purification, in addition to the 
increased purity of their gas obtained from the New 
System by removing the bisulphide of carbon. 
Twenty years ago the adoption of oxide of iron in 
place of lime was hailed by the gas world as a great 
economy, Whereas it was a great mistake. The mis- 
take arose from the long-continued error of payin 
no attention_to carbonic acid as a most detrimenta 
substance in illuminating gas. But it is now mani- 
fest, as shown in the preceding remarks, that 
whether as regards profit or purity from sulphur, 
the use of an alkaline material (whether lime, soda, 
or a portion of revivified gas liquor) is indi le 
—restricting the use of oxide of iron to ‘‘catch” puri- 
fiers for the absorption of the partial overflow of 
sulphuretted hydrogen from the alkaline vessels, by 
which the main work of. purification is effected 
thoroughly and profitably. 

Since this article was written, and indeed since it 
was in type, I have been enabled to give the result 
of experiments upon the illuminating power of gas 
purified in the i way by oxide of iron, and 
algo of the same gas after being deprived of its CO,, 
by being passed through lime. The experiments 
were kindly made for me by Mr. Sugg, of West- 
minster, whose well-known ability and carefulness 
in condueting experiments of this kind are a 
guarantee for the correctness of the results. 


These fally support my statements in the 
foregoing article as to the great gain in illuminating 
power obtainable by eye, the CO,. They 

ified b oxide of iron 


show thekges which, when p 
in the inary manner, gives the light of 17.2 
candles (tested by Sugg’s Standard Burner), gives a 





coal during the past twelvemonth was about 15s, 3d, 





of the gas, thus pulled, would be 8 per cent, 


light of 18.77 candles after its CO, has been ex- 
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tracted, showing a gain of 9.2 per cent, in illumi- 
nating power. 

I may add that it is to this cause—i.e., to the ex- 
traction of all the CO4, which is an integral part of 
my new system of gas purification, now generally 
in use in London—that the recent reductions in the 
price of gas are really attributable, and not, as is 
commonly alleged, to thé effects of the ‘‘ amalgama- 
tions” of the companiegy. 





A HISTORY OF THE BESSEMER MANU- 
FACTURE IN’ AMERICA.* 
By R. W. Huwnr, Troy, New York. 

THE memorable features of American history have been 
making fast during the last century, and notably so since 
1860 ; and they no means confined to political 
any one branch of seientific development. Of all th 
indus 


arts, none show a greater or a mighfie 
Pp ss than the — manufacture. And this 
while we are i first Centennial of our natij 


life, we can also celebrate the first decennial of American 
Bessemer practice. While not forgetting or cnderreae 
what has been done in other countries, I have thought that 
a brief history of the introduction and development of the 
pneumatic or Bessemer process in America would’ be’of.in- 


terest. : 
In 1863 the Kelly Pneumatic Process Company was 
formed, and an ent entered; into wit illiam 
Kelly, who had taken out Letters Patent of the United 
States, Nos. 16,444; 17,628 reissued as 505; 18,910, dated 
January 10, 1857 ; June 23, 1857 ; November 3, 1857; and 
December 22, 1857, respectively. This association was 
composed of the Cambria Iron Company, E. B. Ward, 
Park Brothers and Co., Lyon, Shorb, and Co., Z. S. 
Durfee, and later, Chouteau, Harrison and Vulle joined 
the combination. Not satisfied with possessing the control 
of the Kelly patent, they sent Mr. Z. S. Durfee to England, 
to secure for this country Mushet’s patent on recarburisa- 
tion, No. 17,389, dated May 26, 1857, the same having been 
taken out in England, on September 22, 1856. In this Mr. 
Durfee was ee ‘ joa sini 

Previous to the application of William Kelly: amnion, 
Henry Bessemer, of England, had taken out patents dat 
February 12, 1856, and August 25, 1856, in this country. 
Kelly claimed priority in the discovery of the principles of 
the process, and the Patent Office allowed his claim by 
granting him his patents. 

In the autumn of 1862, Mr. Alexander L Holley, while 
in England was impressed with the importance of Mr. Bes- 
semer’s invention, and so fully foresaw its future, that 
upon his return to the United States, he induced Messrs. 
John A. Griswold and John F. Winslow, of Troy, New 
York, to join him in endeavouring to possess Bessemer’s 
American patents. Mr. Holley returned to England in the 
summer of 1863, but not until the spring of 1864 did he 
succeed in purchasing for Messrs. Winslow, Griswold, and 
Holley, the desired right. 

Thus, at about the same time there were two separate 
and distinct organisations seeking to control the future of 
the then undeveloped industry. While Mr. Durfee was 
abroad, his comp: determined to erect experimental 
works at Wyandotte, Michi (where one of their members, 
Captain E. B. Ward, owned extensive iron works), with the 
view of testing the adaptability of American irons to the 
new process. Mr. William F. Durfee undertook the 
erection of the plant, and located it in the casting house of 
the Eureka blast furnace, intending to take the metal 
direct from the furnace. 4 put in a 2} ton Rees ao 
long narrow casting pit, an pany etn sys of ro 
steam engines to olet and pour the melted iron into the 
converter, and to rotate the latter. As Mr. Durfee was 
instructed to avoid as far as possible Bessemer’s me- 
chanical patents, he was very much hampered in designing 
his plans. But it was in these works in the fall of 
1864, under the direction of Mr. W. F. Durfee, that the 
first pneumatic or Bessemer steel was e in America. 

Mr. Z. 8. Durfee brought with him on his return from 
England, Mr. Lewellen M. Hart, who had acquired some 


experience in the business at the works of Messrs. Petin, | & 


Gaudet, and Co., in France. Upon the arrival of Mr. Hart 
at Wyandotte, he decided to build a reverberatory furnace 
for thépurpose of melting the charges of iron, so as to 
able to use a mixture of English and American irons, and 
it was from metal melted in this furnace that all the steel 
made by him at Wyandotte was produced. The works re- 
mained under this gentleman’s c until the begi 

of 1865, when he severed his connexion and went to Troy, 
New York, entering the service of Messrs. Winslow, 
Griswold, and Holley. He subsequently went tothe Penn- 
sylvania Steel Works at isburg, Pennsylvania, and 
afterwards left their employ to engage in other business in 
Philadelphia, where he died. 

In March, 1865, Mr. _ Hahn assumed charge of 
the Wyandotte Works. is gentleman had lately arrived 
from Prussia, where he had been connected with the works 
of Krupp, at Essen. He conducted the works until J uly 4th, 
1865, when he resigned his position. As Mr. Hahn’s re- 
tirement left the company tg ete one es steel maker, 
and the works had thus far been conducted on an experi- 
metal basis, the proprietors determined upon ing the 
most us experiment of ail, and put them in 
of the writer, who had gone there a few weeks before in 
interest of the Cambria Iron Company. accordance 
with this arrangement the writer made his first “ blow,” 
and by some strange fatality happened to ‘‘turn down” at 
just the right time. 

In the fall of 1865 the reverberatory furnace was torn 


* A paper read before the American Institute of Mining 
Engineers at the Philadelphia meeting, June, 1876. ' 





be | of the new manufacture. 








» and eroatier ering. e continuance of the works, 
tee rod wa | taken di a plese faruace, except 
that which was sent to the works to be tried experimentally, 
and which was melted with anthracite coal in a McKensie 
cupola, this cupola having been put up by the writer duri 
the summer of 1865. In ber, 136), the first heat o: 
Bessemer steel made from Missouri Iron Mountain pig was 
blown by the writer, it having been melted in this 
cupola ; the resulting steel was extremely satisfactory. 

ing Mr. Hahn’s administration Mr. Z. 8. ‘Durfee 
made several attempts to convert iron melted in a small 
cupola of a foundry attached to the works, and loeated on 
the opposite side of the furnace casting house. But owing 
to the cupola being so distant and so small, thus requiri 
the iron to remain so long in the accumulating ladle, an 
then to be run so far in aoe runner into another ladle 
and to be hoisted and po into the converter—the iron 
containing also a low percentage of silicon—each trial was 
afailure. But I believe this was the first attempt to 
utilise the cupola as a melting furnace for the Bessemer 
process. At all events it certainly was the first time it was 
tried in America, and of its ultimate success Mr. ee 
was fully convinced. Mr. Holley must have been im- 
pressed at about the same time with the same idea, for the 
records of the Troy Works show that on July 20, 1865, the 
cupola was there used for the first time with complete 
success. 

The writer remained in charge of these works until 
May 14, 1866, when he turned them over to Mr. A. S. 
Au! and returned to the Cambria Works, that com- 

ny then intending: to at once erect; Bessemer works. 

the _ 1865 tain Ward bought the works 

from the Kelly Progress Company, and they were there- 

r conducted entirely in his interest, and after many 
alterations finally abandoned in 1869. 

Upon Mr. A. L. Holley’s return from England, in the 
spring of 1864, he at once commenced the erection of a 
24 ton experimental plant at Troy, New York, for the 
firm of Winslow, Griswold, and Holley, and started it 
Feb: 16, 1865. While at the Wyandotte Works steel 
was at an earlier date, the Troy establishment was 
the first to bring the process near to a commercial success. 
Not having been perso connected with these works 


during those early days, [ cannot so fully realise the 
f ough which ‘passed, but I do know from 
rience, say nothing of any later 


experience, that it has required faith made perfect, to carry 

Gan through the son which soemed $p be bounted by mo 

shores. As I have often expressed it, if we, knowing there 

was a way through all our troubles, felt so hopeless, what 

must have been Bessemer’s pluck, to enable him to 

een through his difficulties, when the desired end was 
own only through faith ? 

But before entering into chronological details of sub- 
sequent works, I must here state, that after building the 
first experimental plant at Troy, Mr. Holley seems to have 
at once broken loose from the restraints of his forei 
experience, and to have been impressed with the capabilities 
of the new process. The i 
inventions and modifications of the t we, in America, 
are to-day enabled to stand at the head of the world in re- 
spect of amount of og vee 

But to return to the detailed history. As before stated, 
there was in 1865 the two rival organisations claiming 
control of the process in this country—the Kelly Process 
Company, through their Kelly and Mushet’s patents, and 
Messrs. Winslow, Griswold, and Holley, through their 
Bessemer and Holley American patents. th parties felt 
strong in their respective itions and in possessing the 
necessary means to maintain them. But after spendin; 
large sums of money in counsel fees, they wisely conclud 
that their fight would at best bea ‘‘ Kilk enny cat’’ affair, 
and so, early in 1866, they combined their res 
interests, the Bessemer, or Winslow, Griswold, and Holley 

taking 70 per cent., and the Kelly Company 
30 per cent, of all royalties collected. To this wise com- 
promise may we attribute the subsequent establishment of 
many works. Under this a Messrs. John F. 
Winslow and John A. Griswold, of Troy, New York, and 
Daniel J. Morrell, of Johnstown, Pennsylvania, were elected 
trustees, pul they appointed Mr. Z. S. Durfee as their 


tive 


eneral agent. 

But great difficulty was even yet experienced in inducing 
capitalists and manufacturers to attempt the introduction 
ile the metal produced was 
wonderful in its qualities, still the necessary first outlay 
was so large, and the details of the process were so un- 
certain, and the time-honoured prejudice against engines 
new held such powerful sway, that our people hesitated, 
doubted, and waited. Wonderful tales came to us of what 
was being done abroad, and some venturesome railway 
managers even dared to import and place in their tracks 
trial lots of foreign Bessemer rails. 

Messrs. Winslow, Griswold, and Holley had, from the 
very first erection of their works, wisely pursued the plan 
of extending every facility to blast furnace owners, in all 
parts of the country, to have their irons tried for steel; and 
under this system many brands were tried and most were 
found wanting. These failures to obtain good results, of 
course built up still ter barriers inst the spread of 
the process. Inthe font of our present chemical knowledge 
of the manufacture, it is amusing to think of cms pndee 
a few tons of iron to Wyandotte, , or even England, 
to be tried in actual practice, when a few hours of labora- 
tory work would have settled the entire question. But still 
it ae — very —_ _—~ of — iinlity fre first 
opened the eyes of stee ers to making 
good product from metals sidnounted aint by the then 
au 


thorities. 
The records of the Troy Steel Works show that on 


March 1, September 26, November 22, and November 30, | i 


1864, trials of Wassaic, Copake, Fort Edward, rym 
and Crown Point irons were made, in Hoary Bessemer 


im 
result is that mainly through his | ‘These 





Co,’s ton vessel in Sheffield with the following results. 
IW: , | slopped over badly but hammered very well 
very and not very ductile. Small i ted 
when hot from mould, and crumbled under hammer.”’ 
a - me some, hammered tolerably well ; harder 
and less ductile than Wassaic.”’ Fort Edward and Hudson, 
Point fet trial rey sae ductile saith vain 
oint, » “ali PY, ile, 
no cracks ;’’ second trial, iegey wall wih moderate blast, 
good.” The earlier of these were, undoubtedly, the 


ve 
first trials made of American irons. 

I find that 

Point 


In accordance, I presume, with these results 
the first conversion made at was from Crown 
charcoal iron, the first at Wyandotte having been from 
Lake Superior charcoal, direct from the blast furnace. 
The success of the Troy Works, whenever good metal was 
used, encouraged the proprietors to eommence the erection 
of new works on a more extended scale, and early in 1867 
Mr. Holley completed the new or 5-ton plant, Mr. John OC. 
Thom , then being superintendent of mani re. 
Pennszivecis Shed Weekes -hitice eotetotsie, fersished 

ennsylvania orks, i i 
plans for the machinery, and Mr. Thompson soon after took 
Rolling Mill Company’s Works. 


atts ye E- a, 
r.Z.S° ee then en u ment o: 
the Troy Works. He built the for 4 Aone some 
alterations both in plant and details of manufacture. 


Among other thi for the small or experi- 


i fon of ingots per da 


to show rs hang d 
On October 19,1868, the roof of the five-ton plant at 
Troy caught fire, and was almost compleétely consumed, 
destro much of the machinery, Soon after Mr. Durfee 
resigned his connexion with the works, and Mr. Holley 
once more e the manager, the ha: 
a aC He ne ene pe i 
- John F. Winslow ‘selling to them his interest. 

rebuilding, -. Ho i i 
experience, and rem 
pereenlersy as to the malting M 

vias engines. The first blow was made in 
works on yd 12, 1870. 
running most of the time, while the large 
rebuilt. The ingots produced at these 
1871, had either been hammered in the f 
from 9 in. ingots at the Rensselaer Rail 
Spuyten Duyvil Rail Mill, and then 
these respective establishments. 
eety eps ecu Hever 

ving it in ’ 
there to ont and chip; the Wooms an 
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GFeeey eee 
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ingots, after being placed 
table are pared lato he tl 

3 i uiring 
mill. The train was. built with a 
stationary ; the middle roll was mo 
four screws cenang through the bolsters which carry 
necks of this roll, these screws being rotated by a fri 
clutch, which was gible a belt off the main shaft of 


the mill engine, and reve 

the rolls. This mill proved to I pa advance upon the 
old practice, and ran until the fall of 1872, when 
Fritz’s patent driven table rollers and pusher were added. 
By the use of these tables the force was reduced to four 
*Theterks © mtinued steadily f renciagetion siti built, 

e works continued s running after re 
iaege sumnaeumneeminal engineer p which position 
@ connexion as Ww 

he still holds. He was cern ys . Barney » who 
died February 11, 1872. His ‘or a short 
time by Mr. John C, Thompson, who returned to the 
scenes of his first experiences, but his health failing the 
works were without a head until October 1, 1873, when the 
writer assumed control. Mr. J. Wool Griswold has been 
in direct charge since May 1, 1875. On March 1, 1875, 
the firm style was changed to ‘‘ The Albany and Rensselaer 


Iron and Steel Co: 4? 
ited 1 to mention, as an amusing incident. 


I must be 

and as sh how little we can fo what time 
dotte 

steel 


bring forth, that in 1865, while qounvetetwthihe® 
a letter of introduction to Mr. H > 


Works, I called, in passing Troy, at ti 

works, and presented 

who, in the rections manner of which he is so capable, 
most blandly, bu ually firmly, declined letting me inside 
the works, and with the best grace erg we under the 
circumstances, I bowed myself out of his presence. 'T’ 


E 
F 


‘en 
poe later I am in charge of the works, prond to consider 
r. A. L. Holley my most intimate titenk, and vuty careful 
to frequently remind him of our first interview. These 
works are now producing about 1300 tons of ingots per 
week, which is sufficient to the rail mill 
double turn. Their largest month gave a yield of 5498 
(To be continued.) 


gross tons. 
TELEGRAPHS ON THE MapRas.—The electric telegrap 
ment of the Madras Rail been occupied, 
ition to its ordinary current 4 
wooden — on the south-west line and 
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the 
between Pothanore and Puttamby. 
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We annex rings of a safety valve designed and 
patented by Mr. ; W. Melling, of ett Bank, Wigan, 
the special feature of this valve being the arrangement 
adopted to secure a large discharge area. This increase 
of area as compared with ordinary valves is 
due ie a ae of ~~ partly 7 being 
two o through w escape of steam can 
take ses. The rote is obtained by providing 
a larger area for the steam to act on when the valve is 
blowing off, than when it is closed. This will be seen on 
reference to the sections Figs. 1 and 2. When blowing 
off, the steam that the inner face B acts with 
effect on the additional surface provided by the part C on 
the valve. The width of the space left between this part 
C and the top of the boss on the seat, determines what 
amount of increase in pressure the valve will allow before 
rising to its full height ; for instance, if a valve was loaded 
to commence blowing at 60 Ib. it would act something like 
an ordinary valve until the reached, say, 62 Ib,, 
when it would rise at once to its full height; but if the 
escape was made wide it would allow the pressure to rise to 
63 lb. or 641b. before going to its full height, which is, when 
loaded by dead weight, about equal to the width of the 
orifice in the seat, so that the area given for discharge is as 
much as is required by that orifice. In addition to the outer 
discharge, there is the inner one that is equal to from 30 to 
40 per cent. of the outer one, and the combined areas 
amount to six or eight times as much as would be given 
by the ordinary kind of valve of the same outer diameter, 
when working with pressures over 50 Ib. per square inch. 

It will be seen that the discharge from the outer face 
is uninterrupted, whilst the inner discharge gives these 
valves an additional advantage when used as reducing 
valves, where the difference required in the pressures is 
small. Mr. Melling’s valves also overcome the objection 
to spring-loading, as the increasing resistance of the 
spring is compensated for by the additional area that is 
provided for i> anes to act upon. These valves also 
differ from the ordinary ones, as the lift is as great with 
high as with low pressures. The lift of the valve shown 
in Fig. 1, when loaded by dead weight, is self-regulating, 
as the steam which lifts the valve has first to pass through 
the orifice in the seat, but with Fig. 2 the lift has to be 
limited. These valves may be so rtioned as to give 
a large area witha er loaded or lifting 
area, which es them specially valuable when used as 
combined low-water and high-pressure valves. 

Fig. 3 shows the simplest and most direct mode of 
loading for stationary boilers, the ts being carried 
by the cross bar or stirrup, the socket of which fits loosely 
on the end of the valve spindle. Fiy. 4 is a spring-loaded 
valve in which the fits the body of the seat, 
and at the top is held at each side by the hooked ends of 
the crossbar or stirrup, which rests on the valve; at the 
bottom it is held by the projections on the collars that 
fit round the screw studs by which the tension is re- 
gulated. The easing lever bears against two shoulders 
on the stirrup, and is so mounted that it cannot prevent 
the valve from rising. 

For marine purposes Mr. Melling adopts an arrange- 
ment in which a pair of valves are mou ted on the same 
branch seating. The valves are loaded by means of the two 
springs, one at each end of a crossbar, and the tension 
of the springs is regulated by means of nuts on the screw 
studs at the bottom; or in place of the springs two 
ordinary balances are used; in either case the 
springs are out of the direct current of the escaping 
steam. The valves when locked up are eased from their 
faces by the double lever and double cam. 

We may add in conclusion that a number of Mr. 
Melling’s valves are now in use, and we have received 


very favourable reports of their performances. 


Nzewrort.—Adverse weather prevented vessels 
in large numbers last week. There is no life in trade. Steam 


i 





arriving | 8™°** 
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MACHINE FOR 





We give above an engraving showing a front ele- 
vation of a machine for turning spokes for wagon wheels, 
elliptical or crooked tool handles, &c., designed by Mr. J. 
Richards, London, and constructed by Messrs. Richards, 
London, and Kelley, engineers, Philadelphia, U.S.A. 

The machine is on the whole arranged substantially on 
the plan of what is in America known as the Blanchard 
lathes, that is to say, the material to be operated upon is 
mounted on a pivoted swing frame, the cutters moving 
in a straight line, and the motion to produce the elliptic 
or crooked form of the work is given to the pieces to be 
turned, and not to the cutters. 

The carriage on which the cutters are placed is mounted 
on wheels, so as to be easily run back after finishing a 
a piece, and is made very heavy to resist any jar from 
the cutters, which are driven at a velocity of ft. a 
minute at the perimeter. 

The feed movement is positive, by means of the screw 
shown on the front, and is regulated by change pulleys, 
as the irregularity of the work or other conditions may 
render ° 

The model or pattern is in the same e with the 
pieces to be shaped, and in this featurethere is a con- 
siderable gain over the older forms of the Blanchard 
lathe, where the patterns employed were not duplicates 
of the article to be pose Hem 4 In this last remark we 
refer, of course, to but one and the principal modification 
of the Blanchard machines, those intended for the work 
before named, and not for small thin pieces, or for the 
kinds of work. 

the construction of machines of this kind in Europe, 
we may remark that there has not been the same pro- 
made as in most other cases. There has been by most 
makers an attempt to construct what are called copying 
machines, which should perform every kind of elliptical 
or other irregular turning, while in America such ma- 





TURNING IRREGULAR FORMS. 


DESIGNED BY MR. JOHN RICHARDS, ENGINEER, LONDON. 





chines have for many years past been divided into classes, 
and adapted to special kinds of work. 

For example, no one would think of turning small 
carriage spokes on what is called a “handle machine,” 
or handles on a “last lathe.” The machines for such 
spokes have what is called auxiliary rests for supporting 
the pieces and preventing them from jarring when 
operated upon by the cutters. Such rests, which are an 
essential detail of a machine of one class, are not required 
on another, and so on. . 

We may also mention the cutting tools, which are 
wholly different for various kinds of work. 

A copying machine may, and no doubt some of them 
will, produce almost any kind of work, but at a rate in 
most cases which is too slow to be profitable. The 
American machines for turning gunstocks are familiar 
to most of our readers; such machines constitute a class 
for the work named, for boot lasts and some other art cles. 
For spokes another machine on the principle of the one 
illustrated is used, while for axe handles and similar 
articles the model is placed at the end of the pieces to be 
turned and connected to the same spindle, or as we should 
say, the running is double, with the pattern at one end 
and the piece to be turned at the other. 

In operating machines of this kind, where it is desirable 
to perform as much work as possible, there is a feature 
which, unmechanical as it may seem, cannot be neglected. 
This is the elasticity of the reciprocating parts; they 
must either vibrate as a spring or else move slowly, and 
in this has been the failure to produce machines which 
would compete with those made in America, which 
will turn from 1200 to 1400 lineal feet of elliptical work 
in ten hours. 





Treprcar.—It is rumoured that new steel works are 
about to be started in the vicinity of the Poachin pit. 
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WEST’S SIX-CYLINDER ENGINE, 

RaTHER more than a year and a half ago (vide pages 
28 and 30 of our twentieth volume), we described and 
illustrated a neat arrangement of six-cylinder engine 
designed by Mr. D. K. West. Since then the introduc- 
tion of these engines has been taken up by Messrs. 
Plambeck and Darkin, of London, whom we noticed last 
week as exhibiting this engine at the Smithfield Show. 
We then remarked that since we last described Mr. West’s 
engine, some modifications had been made in its construc- 
tion, and of these modifications we now propose to have 
something to say. 

It will be remembered that according to Mr. West’s plans 
six single-acting cylinders are placed parallel to each other, 
their pistons abutting against a conical disc, through which 
their motion is imparted to the crank. The steam is 
admitted to and released from these cylinders by a single 
annular slide valve, the steam being admitted within this 
valve, and the exhaust steam escaping past its outside 
edge. This arrangement necessitated the use of an 
internal and external stuffing-box to retain the steam in 
the steam chest, and to avoid these glands the arrange- 
ment has now been reversed, the steam being admitted 
outside the valve and the exhaust taking place inside, the 
exhaust steam finding its way into the body of the engine 
andl ubricating the working parts. The shape of the 
ports has also been somewhat altered, they being now 
arranged so as to throttle the exhaust steam just before 
the termination of the stroke, the full opening for exhaust 
occurring just after the end of the effective or pressure 
stroke. Other minor improvements have also been made 
in the engine. 

The perspective view which we annex, shows one 
of these engines as arranged for driving a steam launch. 
The engine is fitted with reversing gear, the lever shown 
shifting a sleeve moving on a spiral feather, and altering 
the position of the eccentric. As will be seen from the 
engraving the arrangement is very compact, the engine 
fitting well into the bottom of the boat. The very high 
speed at which the engine can be run also enables a very 
fine pitch screw to be used. 

For very small boats these six-cylinder engines are 
being made with a still more simple reversing gear, the 
eccentric being in this case connected to a small flywheel 
which can shift round on the shaft through a certain 
angle. When the steam is shut off sharply the momentum 
of this flywheel causes it to overrun the engine, thus bring- 
ing the eccentric into the position for driving in the 
other direction, and when the steam is turned on again 
the engine is of course reversed. This is a very neat and 
simple arrangement. 








THE ELECTRIC PEN. 

One of the most recent, as well as the most ingenious, 
applications of electricity in the direction of saving 
labour, and examples of which were exhibited at Phila- 
delphia, is the electric pen, of which a specimen was to be 
seen and used in the Victoria Hall, Leeds, during the last 
meeting of the Iron and Steel Institute. This instrument is 
the invention of Mr. Thomas A. Edison, telegraph engineer, 
of New Jersey, U.S., and it promises, to some extent, to 
supersede lithography, as by its aid duplicates of writings, 
and even of drawings in fac-simile, can be made with 
facility and rapidity. The pen consists, of a metallic 
tube, in the centre of which a fine needle. is reciprocated 
by means of a small electro-magnetic engine placed on 
the top of the pen. The current is transmitted to this 
engine through two fine wires connected with an electric 
battery. The battery is placed on the table or anywhere 
near the writer, and occupies but little space, and the 
pen, in spite of its top-heavy appearance, is easily mani- 
pulated from the circumstance that it has to be held 
vertically, as a drawing pen is, or should be. The 
writing is performed rather slowly, that is, at about half 
the usual rate, but there is no difficulty in producing the 
writing, as we are able to testify from a trial of the in- 
strument‘at the offices of the company, at No. 9, New 
Broad-street, City. The pen being held in an upright 
position, and moved over the paper, the rapidly succeed- 
ing thrusts of the needle cause the surface of the paper to 
become punctured with the characters which the hand 
has traced. After the writing is finished nothing but a 
faint line appears on the surface of the paper, but on 
holding it up to the light the writing is clearly visible. 
This sheet, which is called the stencil, is then placed over 
a sheet of plain paper in a frame, which, when closed, 
binds the two around their edges. An inked roller is then 
passed over it, and the ink penetrating the holes in the 
stencil transmits the written matter to the clean sheet, 
the lines being composed of a series of very fine dots. In 
this way, and by placing a number of sheets in succession 
under the stencil, about 500 copies or more in fac-simile 
may be taken, each copy being very clear and distinct. 

_ The pen is seen in end view at Fig. 1, Fig. 2 being a 
side view. The current A enters the engine by the bind- 
ing screw B, and thence passes by the wire B C into the 
coil A', which together with B' forms an electro-magnet. 
On leaving A? it traverses the wire D E, and enters the 
coil B', and on leaving the latter passes through F G H 
to the screw L, and thence to the platinum point K, and 
when the latter is in contact with the other platinum 
point M attached to the spring N M O, it returns by the 
binding screw P to the battery. QR is a small flywheel 
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revolving with as little friction as possible’on the axis 
ST. This axis also works an eccentric at} W, to which 
is attached a brass rod, and to the latter the needle, which 
on the revolution of the wheel works with a vertical 
motion in the tube X Y. Across the flywheel in the 
direction of its diameter, there is a slip of soft iron Q R, 
which plays the part of an armature to the electro-magnet 

















A'B". On the axis of the flywheel at Z there is a cam, 
which in certain positions of the wheel presses against 
the spring N MO, and so separates the platinum points 
MWK, and at the same time interrupts the current. When 
the wheel has revolved half round, the cam no longer 
presses against the spring, and the current passes. This 
will be more readily seen from Fig. 2, in which the axis 
of the wheel passes through the centre of the cam Z in a 
direction perpendicular to the plane of the paper. In the 
figures the wires connecting the different parts are shown 
separated somewhat. from the machine itself in order that 
their direction may be clearly seen, but in the instrument 
they are pressed close against the framework. 

The tube in which the needle works can be screwed 
toa slight extent up or down so as to allow of the very 
small length of needle projecting beyond the end of the 
tube being regulated. A small stand is provided in 
which the pen can be placed when not in use. By turn- 
ing the screw at L, the pressure which the cam exerts 
on the ing can be ted. A zinc and carbon 








battery of two cells is used to produce, the current, the 





fluids being dilute sulphuric acid in the glass cell, and a 
solution of potassium bichromate in sulphuric acid in the 
porous cell. The battery is very conveniently arranged 
in an iron stand, provision being made for raising the 
elements out of the fluid when the pen is notin use. Al- 
together the arrangement is very ingenious, and not less 
ingenious than practical. 





BrazILIAN TELEGRAPHY.—Land lines are being pushed 
on from the Rio de Janeiro northward. Considerable difficulty 
revails, however, in regard to the corrying on these land 
ines, owing to the absence of sufficient lo power, as: 
well as from the nature of the country through which the 
wires have to pass. 
Tue AMERICAN CENTENNIAL.—The aggregate cash re- 
ceipts from admissions to the American Centennial Exhibi- 
tion were 3,813,750 dols. The vegetable and mineral gee 


compri in the s ys of West V 

cues have been apn to the city authorities of Phila- 
delphia. With the exception of Ohio and one or two 
others, all the State buildi on the Exhibition grounds 
have been placed in the market; and in several instances, 
they have already found 


AUSTRALIAN TELEGRAPHY.—With reference to the re- 
cent interruption of the cable laid by the Eastern Extension, 
Australasia, and China T: Ih Company (Limited) off 
the northern coast of Aus » it appears that three prin- 
cipal faults were discovered, the most serious of which was. 
situated about 180 miles from Port Darwin. At this point 
the cable, which passed over a coral reef, was found to be 
chafed and useless for some distance ; and it became neces- 
rae? | to put in no less than 73 miles of new cable, which was 

id clear of the coral bank, and, therefore, in coriparative 
safety. is work — no less than 26 days. The 
cable is now working A 


acting en- 


to be completed, and the 
all been om thror a . : 
bottom. e engineer 

pepe pee ier No. 4, te dine cies oul tend 
ness of he bouldan enccanieesl, ‘Tho ectimate fer fitting 
and sinking the cylinders of this bridge has been found in- 


sufficient, no allowance having been made for 

boulders and lev: the foundations. This wor’ 
can only be done by use of tic apparatus or by 
skilled divers, und it is very A the masonry piers 
of the Cheyair Bridge have now raised to their full 
height, and the abutment and three new piers have 


having 
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IRON MAKING IN THE EAST OF FRANCE 
AND LUXEMBOURG.* 


(Concluded from page 493.) 
SELECTION OF THE TyPE OF A BuasT FURNACE. 

Most of the iron works I speak of have adopted as a sys- 
tem the construction of the furnace on columns, leaving the 
hearths, crucible, boshes, &c., entirely free, the ugeer parts 
of the boshes and shaft being protected by a single mantle 
of bricks or of boiler plates. Biittgenbach’s system, which 
leaves the shell entirely free and completely exposed to the 
rain and air, is not used in the north-east district. 

Shell of; Hollow Bricks.—I have been led to surround 
the lining with hollow bricks, which allow of diminishing 
as much as possible the thickness of the firebrick lining, 
thus enclosing it with work which may be hooped once for 
all. This outside may be considered permanent, as it 
maintains the outside temperature and does not participate 
in the extensions of the lining, which latter it protects by 
cooling in consequence of the draught of air naturally gene- 
rated by the hollow bricks, which are so chosen that they 
form a cellular system radiating from the outside circum- 
ference to the centre. With such an arrangement the lining 
may be examined at any time, and even necessary repairs 
be made. Compared with other systems it offers especially 
the advantage that the brackets which carry the bridge, the 
charging apparatus, and the gas uptake, are fixed to an 
outer wall ; the inner lining remains free in its expansions, 
which are besides very reduced, as is proved by experience. 

Thickness of the Refractory Lining of the Furnace at 
Pompey.—It is a delicate point to determine the exact 
thickness of the refractory wall which is necessary and 
sufficient in furnaces with outside walls, the only ones 
which allow a limit that need not take account of the 
stability. For the first furnace at Pompey I adopted the 
following figures : 

In. 
Thickness at the hearth .... sn a 354 
boshes, lower part wi 314 
boshes, upper part _ 23 
os - top .. fy ove as 1 

These thicknesses decrease proportionately from below 
to the top. 

I must say that the thickness to be applied to the re- 
fractory linings of blast is not upon. 
At the meeting of the Iron and Steel Institute, at Man- 
chester, Mr. Ch. Wood, in a pa “On the Latest Im- 

rovements in Blast Furnace Hearths,’’ finds that the 

earths are too large and too thick, and he attributes to 
this excess of thickness 2 rapid destruction, loss of the in- 
tended shape, and thus a bad working. Mr. Ed. Williams, 
on the contrary, delares them too thin, and believes that 
much coke is thus lost. Mr. Lowthian Bell, commenting on 
these divergent opinions, stated that all cooling correspond 
to a consumption of fuel, and he has calculated, for instance, 
that the cooling at the tuyeres of the six furnaces at 
Clarence corresponds with a consumption of 1500 tons of 
coke per annum, that is, this quantity has to be burnt to 
raise the temperature of the tuyere water to that of the 
escaping water. This calculation ought to be very correct, 
as it comes from Mr. Bel!, but there are rigorous neces- 
sities ; the tuyeres cannot be used without water, and the 
consequent loss has to be submitted to till something better 
is found ; the same is the case for all the other losses due to 
the cooling by water or air, as long as the result is a pre- 
servation of refractory material, and of the suitable shape 


” ” 


% ” 





projected. 

Shape of the Furnace at Pompey.—lIt is difficult to de- 
termine the profile of a furnace otherwise than by experi- 
ment. When I fixed the capacity and height, as well as the 
diameters at the boshes and the hearth for the raw mate- 
rials of our district, I relied upon my experience and that 
of my friends, who have found with me that with the 
figures, upon which we agree, one arrives nearest to the 
normal working. (See the remarkable paper of M. Griiner, 
Annales des Mines, 1872). 

M. Janoyer has seen wrongly in these data a criticism 
of large furnaces, of which I am a partisan. I have only 
condemned the too large furnaces where the excessive pro- 
duction to be exacted from one and the same furnace strains 
the machines and apparatus, men and things, when it is 
simpler ;and more prudent to arrive at a better result with 
two furnaces. I believe that in large furnaces the profile is 
of great consequence, and I attach mueh importance to the 

roportion of the diameters of the boshes, and of the top 

‘or the good descent of the materials. I have known for a 
long time that the increase of the furnace at the boshes is 
bad, if it be not increased at the top, and I would not 
hesitate to adopt a cylindrical shaft if I could only find a 
suitable mode of taking up the gas, and of charging ; start- 
ing from this fact, it is not necessary to exaggerate the 
boshes and the height, if I arrive only ata sufficient capacity. 

The following is the profile of the frst furnace at Pompey : 


Diameter of the hearth 
Height o ia ose 
Diameter at the boshes eco 


9) ” top 
Total height... ee dil - 
Inclination of the lower part of the bos 
Useful capacity . ofl x ... 10,070 cub. ft, 
T have found in “he r read before the Iron and Steel 
Institute by Mr. J. y, at the meeting which preceded 
that of Manchester, the profile of the last furnace built 
at Seraing (in the year 1874), fora make of 70 tons of 
pig iron in 24 hours, with rich ore. I give it for the sake 
of a comparison : 





stallations de Hauts-Fourneaux dans lest de la France, en 
Lorraine et dans le Luxembourg. Par M. H. Remaury, 
directeur des fo de Pompey (Meurthe-et-Moselle), Saint- 
Etienne: Veuve lier et Cie. 





Diameter of the hearth ... ont 
“a at the boshes ose 


Total height... ™s dd re ai 60 
Inclination of the lower part of the boshes 67} deg. 
Capacity ool a ‘en ... 7730 eub. ft. 

In comparing the two profiles I am happy to agree 
with the distinguished engineers of Seraing, for if account 
be taken of the difference of the ore, and of the pig for 
steel at Seraing, and for forge at Pompey, a great similarity 
in these furnaces, ed at the same time in different 
centres will be found, and hence a certain presumption in 
favour of both. 

Construction of the First Furnace at Pompey.—I come 
now to the construction of the first furnace at Pompey. 
The situation of the iron works is favourable to founda- 
tions ; after the surface soil has been taken away, various 
layers of sand, more or less mixed with the mould, are 
found, anda s thickness of an excellent dense sand, 
formerly deposited by the Moselle. Upon this bed of sand 
a solid circular mass of concrete 36 ft. in diameter, and 
containing 6700 cubic feet, was constructed ; this was left 
to harden, and on it a plain shaft, 33 ft. 7 in. in diameter, 
and of good red bricks, was erected; the hardest bricks 
were reserved for the layer underneath the first cast-iron 
plates, which serve as bearers for the columns, eight in 
all. The columns, first regulated by their bases, are 
connected by means of archivolts; they carry brackets 
directed internally towards the centre of the furnace, to 
receive a circular cast-iron rim destined for the shell and 
the cast-iron supports for the hot blast main. Each column 
is capped with a ved capital, the grooves corresponding 
with two projections of the outside circular rim on which 
the outsell shell of hollow bricks is built. The ouside shell 
of hollow bricks ends in a cornice of sandstone, on which 
rests the shell of boiler plates, which constitutes the upper 
part of the furnace, and serves as ing to the brackets 
of cast iron, which support with a framework of 3.6 in. by 
3.6 in. angle iron, the top platform of striated plate, the 
balustrade of plain plates and the ends of the bridge which 
connects the furnace with the lift. The following are the 
materials absorbed by this construction : 


Concrete Fae eee 670 cubic feet 
Red bricks — ose ve «» 670 a 
Hollow bricks, 20 centimetres long... 20,000 


v » 30 9 it. 15,000 
Firebricks of the shell of furnace ... 390 tons 
% »» hot blast main and 

canals... oe we en i 
Cust iron, 8 bottom plates for the 
columns ee; nine eee ios » 
Cast iron, 8 columns ... wy Bes 085 ,, 
be 8 archivolts eae ove . ” 

90 8 capitals web 

és inside ring ... eve eve 

outside ring ecb rem 

maratres round the top ... 

17 upper brackets 2 


” 


the hearth excepted, total 


Wrought iron, rings of the shaft 
se — hearth 
- shell of boiler plates 
ending the furnace ... ou bdo 
Wrought iron, framing of 3.6 in. by 
3.6in. angleiron _... Spe eee 2.600 
Wrought iron, striated plate pee 9.700 
a balustrade of plate ... 1.500 
99 safety chains... ies 0.050 


4 total .. ... .. 26.990 


Liirmann’s Closed Hearth and Scoria Outlet.—The con- 
struction of furnaces on columns adapts itself very happily to 
the closed hearth system with slag tuyere of Mr. Liirmann, 
of Osnabriick. Its applications are well known; more 
than 80 blast furnaces in Germany and Austria are provided 
with it, and at the iron works of the East of France the 
furnaces now building or in repair generally adopt it, for 
it is difficult to apply it conveniently to furnaces in blast. 

With oolitic ore rendering, according to the localities, 
from 30 to 36 per cent., or on an average 33 per cent., the 
proportion of slag is considerable. The réle of a slag bath 
in the hearth is not to be neglected ; generally the tappin 
of the metal takes place at regular intervals of 12 or 
hoars ; this latter seems to be preferable with great makes, 
if one would preserve the hearth and avoid the dangerous 
accumulation of too masses in fusion. Whilst the 
molten iron is collecting the slag swims on it and cools it, 
and comes to the level of the dam in furnaces with foreparts, 
and escapes by an opening regulated by the keeper. The 
slag bath washes against the refractory walls according to 
the variations in the pressure of the blast, necessitates re- 
pairs, and occasions at the tapping time stoppages and loss 
of time. These inconveniences are aggravated in case of a 
cooling of the furnace, and it is through this forepart that 
there occur obstructions often difficult to overcome and 
sometimes dangerous. 

These well known inconveniences made me diminish 
successively the forepart, and I had very nearly decided 
to suppress it, when Mr. Liirmann gave a complete solu- 
tion of the difficulty with his scoria block, in which the out- 
flow remains cunstant because the orifice is no longer in 
olay loom, or sand, but in metal cooled by water. 

his system spread itself in the beginning in Germany and 
Jost an’ then in America; it is applied in England, 


lgium, aud France ; it is adopted in the East district be- | in 


cause it allows the orifice of the slag escape to be regulated 
and maintained invariable, and the tuyeres to be distributed 
symmetrically, the hearths being circular, besides, it sup- 
— the losses of time at tapping time, and facilitates, 
herefore, the more frequent castings, while it prevents the 





furnacemen from ill-treating the furnaces under the pretext 
of working the fire. 

The principal difficulty in the employment of Lirmann’s 
scoria block consists in overcoming the old habits of the 
furnacemen ; the numerous successes and the rare failures, 
which have given rise to discussion at the meeting in Man- 
chester, prove that the application should be surrounded 
by indispensable precautions. I think it will therefore be 
useful to give Mr. Liirmann’s last instructions issued 
some months ago. 

** Recent Instructions of Mr. Liirmann for the appli- 
cation of his Scoria Block.—The discharge of the scoria 
may take place at any point of the hearth ; it is, however, 
a bad arrangement to make the scoria outlet approach the 
tapping hole too closely, as both become less accessible, so 
that the work becomes more difficult, and the surroundings 
cannot be kept so neat. If, therefore, the slag can be dis- 
charged at the sides or the back, the running of the pig 
and that of the slag can be kept more independent. 

“*It is advisable to adopt, as shown on thedrawings, proper 
differences in height between the centre of the scoria block 
and the bottom of the hearth on one side and the centres 
of the blast tuyeres and of the scoria block on the other ; 
experience has proved them to be good. 

** The opening in the brickwork is 27} in. by 1934 in; it 
is covered in by a non-cooled plate. These plates resist 
very well and melt as much as the hearth gets larger. In 
this opening is a cast-iron water-cooled box, the back being 
flush with the inside walls of the hearth. That this box, 
the dimensions of which are 243 in. by 17} in., may be easily 
exchanged, the opening is 24 in. higher, and 2} in. wider; the 
space between brickwork and box is filled out with firebricks. 
In this box there is above the opening for the scoria 
block a bent flat iron fastened with two screws. These 
screws should be made of bronze to avoid rusting, and so 
that it may be possible to undo them by means of a box key 
with a long handle. In this bent iron is a strong wrought- 
iron key with a nose, which holda the block. 

“For good working it is necessary that the scoria block 
should be firmly fixed, and yet easily exchanged—much 
loss of time is thereby avoided. The water box has at 
the side of the opening for the scoria block another openi 
4t} high and 2% wide, which is generall eee with 
clay. Through this opening the slag is dis ed, if, for 
some reason or another, it will not run through the block. 
Besides, this opening is necessary to get ont easily the 
seoria block when it is required to change it; a hook is 
then used, introduced in the opening. The scoria outlet is 
of bronze like the blast tuyeres, becanse this bronze has 
various advantages over cast iron; the bronze tuyere 
resists better on account of its being more effectually 
cooled by water, the thickness being less ; there is alsoa 
saving in the use and the repairs. The scoria block re- 
ceives, similar to blast tuyeres, wrought-iron pipes for the 
inlet and outlet of water. 

‘* The water-cooled box is preferable to all the other ar- 
rangements formerly used, even to that where the scoria 
block is placed on a large bronze tuyere. In this last ar- 
rangement it is not so firm, less easily exchanged, and less 
accessible. 

‘* The slag run in front of the scoria outlet is formed by 
two cast-iron plates of about 34 in. x 8.8 in. x 1 in., leaving 
about 1.6 in. between their sides and the opening in the 
wall, in which space (which is to be left open) a little 
water is dripped or run, if necessary. The space between 
these plates is filled with clay well rammed in, till it 
reaches the lower part of the scoria hole. 

‘In ordinary working this filling suffices from one 
tapping to the other without it being necessary to cool 
it by water, but if the slag be hot and very fluid, or if it 
corrode the clay.or even the brickwork, the filling has not 
alone to be renewed between two tappings but it has also 
to be kept moist by water being dropped into the space of 
1.6 in. between the plates and the walls. The slag 
will not destroy this so easily if care be taken to put in the 
run a piece of flux which’ dissolves slowly. During the 
tapping, or whilst the run is re-made, the scoria block is 
closed by means of a bar—a loss of pressure is thereby 
avoided. 

‘The drawing shows sufficiently the arrangement of the 
tapping hole for iron. The armature has been proved by 
experience to be very good ; it goes pretty deep underneat 
the tapping hole so that the iron, in case of, boiling, may 
not touch it. The horizontal plate covering in the tapping 
hole is always filled with water. The vertical plate before 
the tapping hole is not applied unless the hole is less than 
8 in. long; this is also cooled by water. If the weak cool- 
ing by the plate be not sufficient the vertical plate is taken 
away, and a wrought-iron tube of the width and depth of 
the tapping hole bent in this shape [, and which is per- 
forated with small holes 0.8 in. apart, is placed just under 
the horizontal cover plate, and close to the firebricks. 
After the tapping is finished this pipe is connected with 
the water main, and a dam is made before the tapping 
hole, from whence the water is led away without touching 
the bottom of the run. This is stopped at least 14 hours 
before the tapping. Generally it is sufficient to apply this 
eugen two or three times, for the tapping hole to become 

ong enough again. 

**We recommend the arrangement of the blast tuyeres 
as shown. The water-cooled cast-iron boxes, in which the 
bronze tuyeres are fixed, prevent the slag from burstin 
through in the neighbourhood ; a tuyere can be exchan 
in a few minutes without the assistance of a mason, and it 
is always placed at the same spot and in the same direc- 
tion. The water-cooled boxes for the blast tuyeres and 
scoria blocks last several years The blast tuyere is only 
15} in. long ; projecting 12} in. into the furnace, it is kept 
in a good state. 

‘This whole arrangement of the hearth has proved to 
be very successful, notably at furnace No. 5 of the Georgs- 
Marien Iron Works, near Osnabriick, put in blast on 
February 2, 1872; the blast tuyeres are still in the same 
place, no water-cooled box has had to be changed, there was 
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only one small escape of slag near such a box, and the iron 
has never yet broken out, though the furnace is worked 
with six tuyeres.”’ : 

Furnace Hearth at Pompey.—The arrangement of the 
blast furnace hearth at Pompey is the exact reproduction 
of the dimensions advised by Mr. Liirmann. The tapping 
hole is opposite to the scoria outlet ; there are four tuyeres 
in use and three auxiliary ones in supplementary open ° 
The height from the centre of the tuyeres to that of the 
scoria outlet is 15$in. From the scoria outlet to the 
bottom of the hearth it is 34in., therefore the height of 
tuyeres above the bottom is 49$in. The multiplication 
of openings with water-cooled boxes seems to me to 
be an essential element to the preservation of the adopted 
shape for working. I do not fear the cooling at the level 
of the tuyeres, I even want it to protect the adjacent 

_brickwork, and I hope with these boxes to avoid the direct 
injection of water, which may be seen round all hearths 
with large makes, and which I consider dangerous. 

Slagging.—The taking away the slag is a perpetual 
trouble around the furnaces, and when 50 tons of pig iron 
are made the trenches, which are still seen at too many 
iron works, must be abandoned, these being as awkward 
as dirty. I will pass in review the various methods employed 
in our district, where, according to the materials, the oe 
amounts to from 1 ton to 1.8 tons per ton of pig iron. The 
figure of 1.8 tons applies to the works at Ars. 

Mechanical Slagger of M. Minary.—I have since 1866 
used with advantage at No. 4 furnace as St. Paul the mecha- 
nical slagger of M. Minary. It is well known that accord- 
ing to this system the fluid slag is carried away by a 
stream of water, which disintegrates it and converts it into 
more or less fine porous sand in a receiving basin about 
6 ft. 6 in. deep, whence the buckets of an elevator lift it, 
and pour it into wagons which will take it away. A very 
useful addition, made at Ars, has caused the working of this 
apparatus to be independent of the running of the wagons ; 
a large reservoir on columns has been erected, where the 
granulated slag may accumulate during a certain number 
of hours. Trap-doors, conveniently placed, permit the 
accumplated slag to afterwards fall from the reservoir into 
the wagons without the working of the furnace being de- 
pendent on its removal. Minary’s s r has done very 
good service, but not without a considerable ir of 
chains, buckets, and all parts coming in contact with slag. 
It is used at Ars and at many furnaces in Luxembourg. 

Mechanical Slagger of D’Adelsward in Longwy.—At 
Longwy, M. d’Adelsward’s son has advan usly modified 
the system. He lets the slag run into a submerged wagon, 
which when filled in a pit below the ground, is lifted by a 
hydraulic piston ; it is evident that any other means of lifting 
(direct acting steam or transmission) would do equally 
well. This slagger is not sufficiently known; itis con- 
venient for furnaces, the bottoms of which are not above 
the level of the iron works. 

<.-4 at Moyewvre and Hayange.—At Messrs. de 
Wendel’s, at Moyeuvre, slag and water are simultaneousl 
run into a wagon of boiler plate, and this has succeed: 
pretty well up to a daily e of 40 tons of pig iron, but 
with the large furnaces at Hayange, making 70 tous to 
80 tons of slag for 60 tons to 65 tons of pig iron, the great 
quantity of granulated slag would have required a very con- 
siderable plant to deal with it in this way. 

First the English system was tried, consisting in letti 
the slag run into moulds with fixed side walls, the front 
being formed by two movable wings, and the bottom by the 
platform of a wagon. This system applied to furnaces of 
40 tons make, worked well with two moulds ; the slag was 
run into one of them, and after this was full, the slag run 
was stopped and led into the second mould. 


wagons on rails at a level with the forge, the slag thus 
carried away is granulated _e water co from the 
tuyeres and cooling boxes. e number of wagons neces- 
sary for the service is not too large, because there are many 
banks to be ein the iron works themselves. It ma 
also be hoped that the slag granulated or not, will be us: 
for other purposes, and will not y ™ form sterile hillocks. 

Remarks on the Writing of this Paper.—I have limited 
myself, in writing this paper, which presents many de- 
ficiencies, to the > Reordhp questions which engineers have 
to consider for the construction of blast furnaces of great 
production. I have avoided everything relating to the 
working itself, that I might not be taken away from my 
original programme. 


n concluding this summary sketch of the peculiarities 
which seemed to me interesting at the places in our district 
which I was able to visit, it is an agreeable duty to 
heartily thank all the engineers and ironmasters who have 
given me in each centre valuable information with a 

rfect goodwill. As to the arrangements of the blast 
urnaces of Pompey, they were planned in 1873-74, and 
executed for the ter part in 1874-75, with the sanction 
of the chiefs of the firm, with the approval of the 
designers, whom I have cited, and the assistance of the 


engineers who second me in my dutics as technical director. 





NOTES FROM THE SOUTH-WEST. 

Work for Devonport.—Two more vessels are to be built 
at Devonport Dockyard of the Pelican (6, screw composite 
sloop, 1124 tons, 900 horse power) class. They are to be 
named the Dragon and the Pegasus. 


Trade at Cardiff—Depression is reported in the iron and 
coal trade at Cardiff. During the week ending the 6th inst. 
the quantity of coal repo was 55,112 tons, or a decrease 
of 14,266 tons on the previous week. Prices have also 
been unsteady. There has been a slight improvement in 
the patent fuel exports, the quantity being 2306 tons, or 
an increase of 106 tons.on the previous week’s exports. 
During the week only 20 tons of rails and 40 tons of sheet 
re ae exported, the iron trade having materially 

en off. 


Taunton.—The Local Board of Health have resolved 
to apply for leave to borrow 30,0001. for purchasing the 
water works and other rights, to enable them to supply the 
town with water. During November the death rate for the 
town was 28.8 per 1000. 


Wayne's Merthyr Coal and Iron Company (Limited).— 
An faa 8 having been emg A the Court of Chancery for 
the ee up of Wayne’s Merthyr Steam Coal and [ron 
Company (Limited), a preliminary notice has been issued 
stating that the mineral property and the iron works are to 
be sold by auction. 


The Engines of the Shannon.—The contractors for the 
engines of the new ironclad, the Shannon, were Messrs. 
Laird Brothers, of Birkenhead, and the representatives of 
the firm <4 recent trial were Mr. ee Laird 
and Mr. R. B. Bevis, ing engineers. e engines 
are on the compound principle and they are designed to 
develop 3500 horse power ; they are horizontal with double 
piston and “‘ return’’ connecting rods. e cylinders 
are four in number ; the two high-pressure cylinders being 


piston being attached direct to their respective low-pressure 
istons by a — piston rod, and working simultaneously. 
he diameter of the high-pressure cylinders is 44 in., and 
the diameter of the low-pressure cylinders 85 in., the length 





Before opening the wings of the first mould, the volume 
of which (81 cubic feet), is such that from two to three hours | 
is required for forming the block, the second mould was | 
filled, and the solidified block was taken away by means of a | 
locomotive engine, but it required a vigorous effort to detach 
the block from the mould, in spite of the great shrinking | 
of the slag ; sometimes the block was not quite solidified | 
when it had to be taken out, and when the crust broke the | 
still liquid interior spread over the rails, and made their 
use impossible. In new concerns three fixed moulds 
instead of two were taken, but at the price of a large loss 
of space before the furnace. | 

Finally, for the last blast furnaces platforms are used | 
on which truncated cones 32in. high are placed; with 
six such wagons and two rails, each receiving three, 
the trains are all formed before the furnace. The engine 
arrives, takes the full train, takes it outside the casting 
house on a special line, then brings back in its place the 
empty train to which, by means a revolving crane, the 
conical shells of the full wagons have been transported. 
The engine has in this way a service relatively inde- 
pendent of the working of the furnaces; it has enough 
time to lead the train to the discharging bank, where it 
pe the wagons one after the other on to an incline 

ormed on the bank. The shock against the terminal 

of the incline causes the slag block to glide on the plat- 
form of the wagon; as the wagon remains attached to 
the locomotive by a chain it is afterwards led on another 
line for its return to the works. 

Slagging at Athus.—At Athus, Messrs. d’Huart with a 

mction of 1.3 tons of slag per ton of pig iro 
ve about 170 tons of slag to ae of ; they me < § rail- 
way ballast of it. The slag, which is not run into pits, is 
gtanulated in a basin of cubic feet contents, and the | 

sand thus obtained runs with the water through a pi 
985 ft. long to the gu § place, situated about 39 ft. 
below the level of the works; the discharge of the pipe is 
9 ft. 10 in. above these storing places. These circumstances 
may appear exceptional, but they offer an example of an 





Ingenious solution of a difficulty. 
8 ane Fgh _ e pe Pompey, instead 4 eg the 
D again, use is made of the height 
furnace bottoms to ‘ iireck into 1 





of discharge the slag direct into the 





of stroke being 4ft., and the number of revolutions on 
trial at about 70 per minute. The surface condensers are 
fitted with brass jtubes tinned, and contain about 8000 ft. 
of surface; the circulating water is supplied by means of 
centrifugal pumps, wor by independent engines. The 
air pumps—one to each low-pressure cylinder—are worked 
directly off the pistons. The engines drive a single line of 
screw shafting in connexion with a screw propeller, 19 ft. 
6 in. in diameter, capable of being easily from 
the driving shaft and raised above the water through a 
well in the stern in the ordinary lifting frame. The start- 
ing and stopping is effected by asmall steam engine, which 
brings the Pandling of the engines under the control of one 
man. There is also fitted to the engines an arrangement 
of valves, admitting of the use of steam of low pressure, 
direct in the low-pressure cylinders, and this _ been 
tested satisfactorily as low as 2 lb., the object of this ar- 
rangement being to meet a danger which it is a 
may arise in going into action with steam at high pressure, 
The valves were fitted at the suggestion of . Wright, 
Engineer-in-Chief at the Admiralty. The general arrange- 
ment of the engines differs from what has hitherto been 
adopted for compound engines in Her Majesty’s ships, but 
it is understood that a similar plan has been adopted for 
the composite corvettes of the Comus class. Hach 


stop engine is complete in itself, and in case of accident or 


other cause, might be worked independently of its 


an 
fellow. Another special arrangement in the Shannon is that 
the boilers, which are eight in number, are pl athwart- 
ships on either side of a central longitu bulkhead, 


having the stokeholes in the wings. The boilers are 
ing steam 


7 | cylindrical with horizontal tubes, capable of 


carrying 
at 70 lb. per square inch. Each boiler has two furnaces, 
of which there are sixteen in all. There are about 1700 
tubes, 6 ft. 6 in. long, and 3 in. in diameter. The grate bar 
surface is about 380 ft., and the tube surface about 8500 ft. 
The funnel is telescopic. 2 sted 
hoists provided for raising ashes, and suitable ventila 
cowls. The trial trip resulted as follows : Mean indica 
horse power, 3540 ; mean revolutions per minute, 65.35 ; 
mean vacuum, 26in. ; mean steam pressure, 68.5 lb. 
Narrow Gauge Extension into Cornwall.—Last session 
a Bill was passed giving powers for the construction of a 





placed behind the two low-pressure ones ; the high-pressure def 


railway from Tavistock into Cornwall, to a 
anction with the present East Cornwall Minerals Railway. 
Binee, then, however, the public have heard nothing what. 
ever concerning the enterprise, and for all the attention 
the undertaking has received the Bill might have been lost 
instead of carried. Indeed, there are not a few interested 
in the matter who have come to the conclusion that the 
scheme has been dropped. Nothing, however, is further 
— oe of ” PrCeONSSS, 2NAT have been merely 
iding their time, and arrangements are now in progress 
which will probably result ere long in the actual commence- 
rom of we wee, Fn Paget bo _. —— Railway 
ompany—the indefa pioneer of the narrow gauge 
in the Tiest--hes the matter in hand, and is quite waihesd 
to go forward on the accustomed terms. Let the locality 
concerned show their interest in the work by taking u 
a certain proportion of the capital, and the company will 
set to work and do the rest. the present instance, all 
that the district has to do is to raise some 50,000/., and the 
line is secured. A substantial commencement has been 
made, for the Duke of Bedford has agreed to subscribe the 
5000/., and Mr. E. Nicolls, of Callington, the local pro- 
moter of the undertaking, has succeeded, since the Devon 
and Cornwall Company come to a decision as to the 
part it is prepared to take, in obtaining many liberal 
promises of support. The proposal is to make a line about 
seven miles long 


* 


narrow gauge 


from Tavistock to the Tamar, in such a way 
that for a considerable portion of its length it would really 
form the first link in the independent extension of the 
London and South-Western system to Devonport and Ply- 
mouth. The new line would reach the Tamar a little above 
Calstock. Here it would cross the river by a viaduct 150 ft. 
or so in length, the only really heavy work; and then it 
would at once come intc communication with the already 
existing line of the East Cornwall Minerals Railway. The 
East Cornwall line is at present devoted to mineral traffic 
only. It starts from quays on the Tamar, rising from the 
riyer level to the high s above by an incline, and thence 
winding away by Gunnislake, Hingston Down, and Kithill 
to ite present terminus at Kelly Bray, about a nile to the 
northward of Callington. The ¢ or the line is large, 
although it is thus isolated. But when a railway from 
Tavistock is constructed, which will bring it into immediate 
connexion with the general railway system of the country, 
it will be much more important than it is at present, 

AG anshire Colliery.—In the Court of Exchequer, 
on Friday, the case of Mason v. Cory and Yeo was heard. 
The action was brought to recover 40,0007. as commission 
on the sale of some colliery pro - The defendants 
denied that the plaintiff had effected the sale within the pre- 
scribed terms, and contended that the property had really 
been sold without the plaintiff’s y, and that they had not 
realised the sum of 415,0001., which was the price named for 
the sale of the collieries. ‘The plaintiff is a Frenchman by 
birth, andjin 1873 was ing on business at Swansea. The 
defendants, Messrs. Cory and Yeo, are engaged in extensive 
mercantile pursuits and co’ transactions in the same 
place, they being the owners and workers of several coal 
pits in Glamorganshire, In 1873, coals and collieries were 
rapidly rising to a um, and the defendants were 
desirous of parting with the G 1 Collieries, the 
Valindra Taking and the Graijola Colliery and Fuel Works. 
The plaintiff, on the other hand, in the autumn of that year, 

been disappointed in carrying out a sale of collieries, 
for which he was to receive a commission, applied to the 
endants, and ultimately succeeded in making an 
ment with them by which he was to receive 10 cent. 
commission on the sale of the property if it should be 
sold through him either directly or indirectly, The 
sum at which the defendants were disposed to treat was 
415,000/., and it was provided that, if business did not re- 
sult within six months from the date of the letter which 
contained the terms, and which was dated November 21, 
1873, any claim to any commission be void. 
The plaintiff appeared to have entered into extensive com- 
munication with his business friends in France, but at the 
end of six months the purchase was not completed. 
munication, however, continued in the parties, and 
ares company was formed with the understanding 
endants should retain the management of the 


that the 
collieries and receive 140,000/. in cash ; while a further sum 
was to be raised in stock and debentures, so that the capital 
of the company should amount to 400,0001. The t 
of cash to the defendants at present amounted to 70,0001., 
while the remainder of the amount was understood not to 
have fallen due when the action was brought, The plaintiff’s 
case was that he first carried on negotiations upon the 
letter of November 21, 1873, and that after the expiration 
of that time various arrangements were made az to the sale 
of the collieries with probable purchasers with the consent 
nts, which proved that although the six 
0 had expired yet the t really con’ to 
exist between the parties. The ultima hasers were 
alleged to have been persons who had 
by the plaintiff i def x 
ene | we denied that they had authorised the plaintiff 
sale of the property fell through by the plaintiff’s own ad- 
mission. ‘The jury returned a verdict for the defendants. 
The Flamingo. , 3, composite gun vessel, 
was launched at Devonport Dockyard on Wednesday. This 
vessel is 150 ft. long, has an extreme breadth of 29ft-, and 
ill draw 11 ft. forward and 13 ft. aft. Her engines are of 
750 horse power, and the estimated cost of her engines is 
33,000/. ‘The Condor, a sister ship, is also being built at 
onport. 


2 


There are ash trunks and steam | Dey 


Cardiff Dock Bee Sorte Mame og | — —_ 
merce appealed neon a uu . Jo} 
Boyle, me of the Marquis of Bute’s trustees, for a recon- 
sideration of the decision not to with Cardiff Dock 


extension, The meeting being private the result is not 
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METALS. 
2 «4. £ 
ANTIMONY OR8 (per ton)— 4 ° 15 
Regulus ( so 0 §7 
Baass (per ib.) — s, a, 8. 
SOC ABK PA ccccccceereesee O 10 ° 
Yellow metal ...cccciccce O 7 ° 
CASTINGS, TYNE AND OLEVELAND, 
(per & 6. £ 
$ 10 6 
3.6 Ss + 
PUPOS .coscccssrsevereveserseeree § 10 ° 
Coprsr (por ton)— 
Chili DATS ..,.cceercercseveree 78 12 75 
A eceeceese 10) = BS 
English tough, o | 68 
» ingot... 10 6= 8s 
Bhoots, BC. .......ereereenee ° 9 
Bott ° 9! 
[20m Ones (per s@& & 
hematite, British 1 «(8 13 
” e 1 e 2 
Iron Pie (per te— . 
Barrow No.1 wccccccesseree 67 6 ° 
6 6 y 
64 0 65 
. ° 00 
” ” rr ae | o 48 
” ” ae | ° 46 
» 4 Gorge) 44 6 45 
Other QUALIIOS ....0000008 44 6 $5 
Welsh (South Waies) on Fs ° 
» (North Wales)... 02 oO 78 
No.1. No. 
Bcotch Fig— * ¢ 8. 
G.m.b., at Glaagow......++. $7 
Gartaherwle ..,....c..00cee 8 8 
Coftn | a 
BUMMETIOS ....00cseceereeree 04 6 r 
° 6) 58 
6o 6 58 
to oO §7 
8) eseccensorecseeress 6: o 58 
Govan, at Broomiclaw... 6: 0 {9 
Calder, at Port Dundas... 68 © 
~Glengarnock, at Ar- 
GLOSSED ...scc.ccseseseeereee 64 9 $8 
— at Grangemouth 67 6 
Ditto, specially selected 72 6 
Shotts, at Leith .....0...00 es 6 69 
Kinneil, at Bo’ness......... ° im 
(The above all deliverable ae ) 
i s & s. 
- 8h see reseeese 8 oOo 92 
crack piattoraahire 62 © ° 
South 62 © b 
Yorkshire ¢ Thornaby p pig. 60 © 70 
Ridsdale Nos.land?,,, 115 ©o 110 
Tron, Gee. £ 8. z 
Cleveland angles... 8 15 : 
; boiler plates,, 8 © 8 
” secteeseeees § 6 
pad ship plates....., j 5 7 
° BECKS... 00000008 ° 8 
“ 7 °¢ | 
” nail see eeevoeres 8 Oo 
Staffordshire bars B ccipese 6 15s 8 
e — core «88 88 10 
" ler ...4.. 10 © 12 
pease? « coors 8 BS 10 
Wolsh rails, B.W. rcoecore 6 8 6 
» bare 6 10 1 
» boiler piates, BW. 10 0 1 
» hoops, S.W. uw. 8 o 9 
ie {per ton) — 
tt knglish + Fy seceetes: Py a | 22 
a2 100 «33 
oder let = 22 0 © 
Ib .. a2 0 33 
pe ) .112 © 140 
QUICKSILVER (per bottle) 8 ¢ 8 
Scrap (per ton) — 
Old rails for re-manu- 
f 10 f 
fo} 
° a3 
S PIG ELBISEN (per ton)— 
BeGt......ccccrsreecccccccrsecce 6 © 6 
eccceccetecomecneces 8 | O s 
STEEL (per ton)— 
Bes ° ° 
° $ 
e ‘5° 
o 6h648 
eo 3 
10 ge 
1° 8 
° 13 
10 13 
10 8 
” INGOts .....0000. 7 © s 
SWEDISH IRON (Fo.b.) at 
apes 
. Pig .. atone eee RO Oe eee eeeeee ees s ° 5 
Bar! Tolled.... id 3 
a oe 
Tw per ton) — 
RERAEE cccrecccccecneccescrnes PP 10 98 
Billiton eeecceces cecnenceesce see 44 e 678 
uiieednediewmnun SS © 2 
English ingots : © 


eee eeeeeeres tes 
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Tin PLATS#S (per nome 
LO. charcoal . 








ZINO (per ton)— 
Sheets, English ............ 
Wiasg, Fencing . 
» Telegraph (gaivan’ sd) 


COALS AND 





s. a 
3 © 
80 6 
76 © 
4 #0 
go (C8 
19 66 
44 «0 
£ &. 
as 15 
11 10 
7 «6S 
COKE. 








8. 
79 


h 
SSoF ao00 


coop 


em COO ARD0 200 


OILS, GREASE, See 


OILS (DOr tUM) .....0.0reereeres 


, brown 


brown 

” e 
Emre 
PsTaoLeuM— 


EB... ..cccccccnccocee 
Pitot -< a owt)— 
nar TT eecaterieimens 
UMBAGO (per cwt. “ 
Ceylon LUMP rrcccererssever 
» Chips .... 


Rattway Grease (per 
cwt.)—Rose’ 
Resi ( 





De adghenivad 


B ccecceceesecses 


r owt.)— 


Pere te 








Eng’ town . : 
Hough, Eugish « co 
Tal -* ‘holm (per barL) 





TwaPanrine—Spirit— 
American (cas. oe 
WIPINGS, ONZiNG ......-.c00000 





CHEMICALS, 


AcIps— 

Aquafortis (per Ib.) ...... 

Sulphuric acid (per 1b.) 

Sulpharic acid, brown .., 
Ammonia — M (pel 
ARSENIO— 

White, lump (per cwt.) ... 

Powdered (percwt.) .. 
BLEACHING powder percwt. 
Borax—refined (per cwt.) 
BRIMSfONB (per ton)— 

Bough 






Lrraares 
——- 
sasaranun (per ton. ) 

lish refined, kegs ... 


owe). seeceeees 
te (per 


Sopa 
TINCAL (Bengal). coeeee 


SS ont~awo Bz BMooo? 


22 
18 
20 
1$ 
35 


& 


ecco 


D2oqyMmM0oo& w 


eo 


2? 


Bo 


©eoSPoosno 


*» eoweos oOo 
- 


SS ameaSUPRPoeo, 


13 
20 


TIMBER, DEALS, &e. 


LONDON 


610 © 


(Per Petersburg standard) £04 £8. 
Archange 


| lst yellow..... 
d 


-  (tteeee 





a seeeeces 


sorts 8 

battens, all sorts 6 
Bocdich Genie mixed ... 13 
Swedish deals 3rd ......... 12 © 


14 10 
17 10 
12 10 
11 10 


14 10 
Ir 10 
9° 
10 10 
1g 10 


Oa copoocccese# 


oroPFocooPoronua 


eooo 


en oooeooooaa & @ 


ecceco “« Oooo °o 


e ecoocof 





Swedish deals, inferior 
and 


ad £8, 


BD... sseseenee-saeeees 


(Battens 30s. less 
deals 


)) 
Finland deals Ist .....0.. I1 10 
» 4H. 8.deais ... 


Quebec Ist _— pine... 21 © 
2nd oe 12 * . 


érd rx. ° 
Floated pine 40s., 20s, ‘an 10s., [oss for lst, 


Canadian spruce, Ist...... 10 © © 
” @ 2nd ... 810 © 
Srd «1 7 § © 
New. Brunswick spruce.., 8°00 
Ditto battens ..+.+9....+ 710 0 
N. 8. & P. E. Isle spruce 7109 © 
U, 8. pitch pine ........... 12 19 © 
AMBRIOAN TIMBER— (per. ioad) 
Bed 4 mae and 
bi ie: SOS © 
Do. for yards and 8; spars 410 © 
ellow pine, large ......... 5 © © 
itto waney board ——- 4°00 
Ditto smail ......... 315 0 
ole eden 3 °° 
a) 
Do. United States $ °0 
Elm, o 410 0 
ABD ....600 400 
415 0° 
Masts, red pine 410 © 
» Oregon... 710 © 
” Kawrie. 8 eo 0 
In teak .., Ir 0 © 
85 @ 
60 
$10 © 
4e°0 
$s 0 
3° 0 
215 0 
212 0 
260 
30°00 
210 0 
250 
116 © 
om 6 
: 4 ~ 
Second qualities 


TODS crersoree 9 IO 
7 10 


7° 


9° 0 


2nd, and 3rd, respectively. 





~~ 
& OC OMam oMVIvVsUnnea 


Ig 10 


12 0 
8 10 
8 0 


35 10 
1S 15 


OO OReonwo w 


ee + 2ue FS 


veen 


The above prices. Wat “me Docks.” 
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WHOLESALE PRICES OF TIMBER, DEALs, &0. 
From British NoRTH AMERICA. 


PINE 


footetring measure) <£ 
Quebec yellow square ,,, 


St. John’s, N. B., 18 in... 
Miramichi and 
OhAlOUr ,.,...00re0-se000 08 
Edward Island ,,....... 


QUebES TOA ....cecssevereeres 
Oak, Quebec... 
Elm 


i 
F 
B 
; 


TIMBER (per cubic 
5 
eo. 
Waneyboard ., o 3 
o.63 
British 


coo 
- 


see neeee 808ees 


eooooco°o 
ne ee) 





eee OOP eeeee 


co} 
Birch, St. John’s, &c.N.B, o 
bec. ° 


ba ool 


Masts, Quebec lst. yellow 


(calliper 
DBALS AND BATTENS (per 


D “Cecceqesstioccceesn 


Petersburg standard) 


bec yellow = Ist... 19 0 
_ 2nd 


=. 
oe ; my "Bangor, &., 
Ditto, 


SuJ 


Boards, pine.........++ 


° 12 10 


19 
1° 


see a aeeteeeeee 


— coccoscee 
ohn med 5 pine ...... 





10 
1§ 





spruce 


seeceeseoses 


° 
- 


*+0C~C«mC OO He Se US 


° 
ae 
oa 


q ° 
1 ° 
7 °° 
1 ° 
t) ° 


a, 


Coot 


eooooco oo 


2 
5 


rr 


7 


se 


° 
° 
10 
12 
10 

s 
10 

5 


p 


SOD wSehnenwm AO UNe 


ecooonm ooo 


From THE Unitep States, EAST AND WEST 


INDIES, AND AFRICA. 


(Per cubic foot, string 


Pitch pine, hows Sietinn 


United States oak logs... 
= load calliper measure) 
t Indian teak (per Id.) 11 


measure) 





Demerara Morra.....-..... 6 
Bullet tree (per foot)... o 3 


7 


“wa“ood 


From THE BALTIO, £0. 


(Per cb. ft. string measure) 
Riga 


Fir timber, 


©0800 awe & 


Fed... 0 © 2 


ee 


cookth 


-n 
eooon 


wen 2 


es 
roo 


ecooco 
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£a4 

Fir timber, Eeettp and 
Memei crown .............0 © 6 
Ditto, ditto, , kinds o 1 2 
BROCE ncccccrcccccccccccccccce 8 & 38 
Swedish. a So 
TOP WAF ccccorccesccscccrsess O SF O 


Warnscot (Logs calliper 
measure) 





Oak timber, 
(string measure) ... ° 
Pit props per lineal yard ° 
ining timber per foot... © 
DBALS, &c.— 
(Per Petersburg standard) 


Redwood, 


Onega, 1 
Ditto, Litto, ‘it oo 


, - aeanentsmcatg 
ccccesccoscoess BY O 


1300 





Ditto, ditto, 3rd ..... mer Ir to 
Redwood, Petersburg ist 170° 


” 
” 
” 
” 
” 


” 
holm 


ee 2nd 13 © 
Wyburg........ 12 0 
Uleaborg ....., 10 10 
Gothenburg . ew IL 10 
peoeg . 10 10 

Gedleand Bisak- 


sensenceetetreseesteeees TZ O 


MAHOGANY, &c. (per foot 1 in.) 


yw 4 Stu Domingo 


Sleepers, Hacematack, “each 








9x10x5 ° 3 
» Pine ° 3 
te Hemlock ,, am ° 2 
ae eerccesevecsscrscs O 3 
HULL. 
(Per load). 
Memel crown fir timber ... 4 7 
” » 2nd 3 10 
Riga and Danizic ist ...... 4 5 
~ » «2nd we 3 0 
Swedish 217 
Mining Pi ccceniaes 20 
“Per cubic foot). 

CLM ccccvcccccccccccscese O 8 
* a o1 
cove: °o 3 
St. John’s ‘birch os oe @ 8B 
Pitch pine, hewn << @ £ 
ceccecsccccn @ 8 

Per Peter Selesbenne eg 
Arch, and Onegared,,, 19 10 


» Petersburg oe eevee 18 10 
Wyburg red.....s...secceseseres 14 10 


Quebec Ist pine ....., 


QUEDEC BPTUC.....+.crcerereree 


”» 





Baltic 1st red flooring bds. 1 e 
DittO WRItC .reccerccreererrseree 


Charge for labour 2s. per cmadard for deals, & 





© eeocc000 000 


CeVeOn wuow 
oo 


- 
e©qoo000m 


©Coeoeoeoeoofoeeo “novo 


ecooo & 


oo 


ooo°o 


Bw yp weeCrAwa 


eootoo 


and Is. 6d. per load for timber. 


WEST HARTLEPOOL. 
(Per cubic foot ) 
DANTziC crown fir 13 in., 
average 12 ft. to 19} ft.... o 1 
Ditto good middling ditto 


13 in,, average 12 to 164 ft. 
Ditto ditto, 17 ft. to 214 ft. 


coo 
- 


Ditto common middling fir 
13 in. average 22ft,& up. o 1 
(Per load,) 
Rectangular red fir 


sleepers, 9 ft., 10 x 5... 2 6 
(Per Petersburg standard. - 

Riga crown white deals...... 2 

19 

15 

° 

2 

5 

10 

10 

° 

tens Io § 

Gottenburg znd red battens 12 10 

it o 

Petersburg Ist red deals, «. 18 § 
Quebec Ist pine 3in. x 7 in. 

° 

° 

° 

10 


Charge for labour 
and 





$ 

5 

12 10 

Gothenbrg. a red deais... 13 5 
° 

5 






+e 


ecole coogeoaceoon & & 


eceoce 


° 


“ws Oo 


1 
1 
1 
I 
I 


«ow “uw 
ofr Oo 


“ 
eooo0000ce0 
ecoeoooooo°o 


~ 


ooo" 
ovwoo 


rer 
eoaco 


+n yh Be ° 
©ocnooow ecooooco 


os 
° 
SGooo00c0o0c0ece 


Q 


9 


o1 6 
e°o°o 
eo °0 
eo°o 
oo 0 
10 5 © 
g12 6 
119 0 
14 10 © 
1210 @ 
e°o°o 
ooo 
13 10 © 
12 2 6 
ms5o0 
e©°o°o 
°°e°o 
19 0 @ 
e®oo 
°e°o°o 
e°oo°o 
a5 0 

12 6 


5 
r “standard for deals, & 


1s. 6d. ‘per load for timber. 


WISBEAOCH. 
(Per Petersburg standard.) 
Memel bay red deals... 


Petersburg lst red deals . exe 18 


ecoococoocno 


° 


o“wonwrnso ow 
ecoanoo0oa 








Tae Beioran Iron Trapse.—There has been compara- 
tively little passing in this The slack 


in business becomes, 
day. Belgian 
business next year with 


trade of late. 
indeed, more and more marked every 
ironmasters are hoping, however, to do more 
Germany. 


ening pany have been rather offered of late upon the Paris Bourse, pany 
Law A holders aj to have an be ares we that the | dividend 11. 4s. 
suffer in the event of war breaking out | balance will be 
upon a large scale in Eastern Europe. 


Tue Suz CanaL.—The shares of the Suez Canal Com- 


Tue Fives Lituz Company.—The dividend of this com- 
for 1875-6 has been fixed at 2l. pershare. Of this 


‘= share was 


paid November 2, and the 


tributed May 2, 2, 1877. The duration of 


the company has been extended to January 1, 1906. 
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BRUCKNER’S CYLINDERS FOR ROASTING SILVER 









Fia. 1. 


Motion Worm & Gear 
Dra. Worm wheel PL. 2 &§ ; Cogs 46; 
Dra.Pinion PL. 234; Cogs 45; Pity 
Dia. Wheel on H 
PL. 6834; Cogs 133; Pitch If 


Pitch Ti 
7a 








ROASTING SILVER ORES IN 
COLORADO. 
By J. Eaxeston, Pu. D. 

In the roasting of silver ores by the Reese River 
process (roasting and amalgamation), the great 
desideratum is to find some means of economical 
treatment. A great many furnaces have been 
constructed for this purpose, and have for the time 
being, more or less solved the difficulty. Most of 
them have, however, gone out of use in a very short 
time, either because they claimed too much or cost 
too much to work. One of these furnaces, however, 
the Briickner cylinder, which was introduced into 
Colorado in 1867, is likely to be of permanent value. 
It was introduced for roasting gold ores, and 
rendered the extraction of 90 per cent. of the gold 
possible, but it is now almost exclusively used for 
silver ores, and has rendered a real service in the 
working of that metal in Colorado. There are 
thirteen of them in the territory, which were used in | 
the extraction of nearly one-half of the silver pro- | 
duced there in the years 1855-6. 

It consists of an exterior cylinder of boiler iron | 
12 ft. long and 5 ft. 6 in. in diameter, the ends of | 
which are closed, leaving an opening in the centre of | 
each, 2 ft. in diameter. This opening has a 
which projects several inches on the outside. (ne of 
these openings connects with a fireplace, and the 
other with a flue leading to the dust chambers, 





flange | gra 


About the middle of the cylinder there is an open- 
ing for the introduction of the charge, which is 
closed by an iron door. Two bands with square 
projections are bolted on the outside, near the ends, 
each one of which turns on two friction rollers which 
support the cylinder. The one near the flue fits into 
the wheels, which are provided with flanges for the 
p , and prevent any tendency that it may have 
to slip out of place. The one near the fireplace 
simply runs on the friction rollers, Between these 
4wo bands, and nearest the flue, isa circle of gearing, 
which is cast in one piece and carefully turned, so 
as to secure an even revolution. It fits into a spur- 
wheel, which gives the motion to the furnace. e 
gearing should be compound, so as to allow of two 
speeds which are required at different stages of the 
process, and should be so arranged that where there 
are a number of cylinders, any one of them may be 
stopped at pleasure without interfering with the 
others. 

In order to provide against the possibility of 
settling, each journal box of the friction rollers is 
held in position by adjustable screws, so that it can 
be moved laterally or perpendicularly. 

Passing through the cylinder from side to side are 
six pipes, which make a diaphragm in the form of a 
te. They are inclined at an angle of 15 deg. to 
| the axis of rotation, making at the same time an 

angle of 30 deg. to 35 deg. to the plane of this axis, 
| as is shown in Fig. 4. ‘The-tubes of the diaphragm 


In the first furnaces constructed the cylinder was | pass through to the outside, so that air constantly 


closed with a head at right angles to it, having the 
flange fitted on at right angles to the head. The 
ends of the cylinder are now made conical, which 
simplifies the construction of the interior of the 


furnace. Both of these methods of construction are object of the diaphragm is to force the charge to 
shown in the above illustration. thes 





circulates through them. ' It was expected that the 
cooling of the air and the formation of a scale would 
protect them from the action of the sulphurous 
vapours ; this has proved not to be the case. The 


continually move backward and forward from one 














ORES. 


’ Fie, 2. 





of the furnaces to the other. The whole interior of 
the cylinder is lined with one layer of ordinary red 
brick laid flat and set in mortar, made of one 
fireclay and two parts firebrick thoroughly mixed 
and beaten. 

At the Pelican Mill the lining is anchored by 


means of irons bolted for that to the iron 
casing of the cylinder. The brick is cut upon one 
side in order to form a complete arch in the interior 
of the furnace, At the Niederland Mill the brick is 
put in without shaping, and each half cylinder 
wedged from the dia , 80 that no anchorage is 
necessary. The neck bricks are moulded for the 


Pith a , 

e time that the lining will last ds upon 
the care with which it is put in. It will generally 
last a year and a half if the work is well done. 

the early construction of the furnace the ends were 
closed by rectangular pieces, and the lining was 
made conical to reduce it to the proper size. This 
was found to complicate the construction and neces- 
sitated frequent repairs. The ends of the cylinder 
are now made conical and the lining made of the 
same thickness throughout, The weight of the cy- 
linder is thus considerably reduced, and repairs to 
the lining are much less frequently necessary. 

In the first furnaces constructed the cylinder 
was set on a foundation of masonry and the rollers 
supported on timbers. This construction caused 
so much trouble that it is now supported on a cast- 
iron frame which is carefully eee before it 
leaves the shop, thus greatly simplifying the erec- 
tion of the furnace at the works. © projecting 
flanges fit loosely into the firebox at one end and 
into the flue at the other. 

Over the lower part of the flue end a piece of 
sheet-iron is cee inclined so as to throw any ore 
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which might tend to escape through the opening 
between the cylinder and the flue, back into the 
furnace. Exactly opposite to the opening a door 
is placed in the flue so that the working of the fur- 
nace may be examined at any time. The fireplace 
may be built entirely of masonry, or the sides may be 
made of boiler plate tied with rods and lined with 
brick, the roof being arched with brick without any 
ironwork above it except the tie-rods. It is usually 
6 ft. long and 3 ft. 2 in. wide. The height from the 
grate to the roof at the door is 2 ft, 2 in., and at the 
neck of the furnace 3 ft. 8in. It generally lasts 
from six to eight months. The outside iron boxes 
have lasted two years, but have sometimes been 
burned out through carelessness in a shorter time. 
- A circular opening is made in the back part 6 in. 

above the grate, to admit of the entry of the neck 
of the cylinder. 

The throat of the furnace is lined with firebrick. 
Each cylinder has its own dust chamber, which is 
cleaned on Sunday. At the Niederland Mill fine 
dust goes into a flue 40 ft. long, 6 ft. high, and 
7 ft. wide. The coarse dust falls into a receptacle 
made for that purpose near the furnace, and is drawn 
out in a box below. The flue passes under the dry- 
ing floor and furnishes — of the heat used there. 

he amount of fine dust caught is 10 tons in the 
dust chamber, and 10 tons in the drying kiln flue 
per month. In addition to this 5 tons of the coarser 
variety are taken from the boxes at the mouth of 
the flue. The coarse particles are put back at once 
into the furnace. The dust contains on an average 
32 oz. of silver. When there is enough collected 
for a charge it is treated by itself with a little ore 
and salt. At the Pelican Mill the amount is 1500 lb. 
for each pair of cylinders per week for the heavy 
ores. With light ores it is 10 per cent. less, 

Sometimes a steam jet is introduced into these 
chambers, with the object of moistening the fine 
dust, and causing it to fall. 

The line shaft which runs the furnace should 
make about 23 revolutions per minute. It takes 
about three horse power to drive one furnace. As 
much of the furnace as is possible should be made 
of wrought iron, as castings are not so strong and 
much heavier, and they increase the expense when it 
is desirable to erect furnaces in regions which are 
not very accessible. ‘The total weight of all the iron- 
work is 16001lb. It is all made at Chicago or 
Cincinnati, and sent out to the works. 

The idea of this furnace was suggested to Mr. 
Briickner by experimenting with two truncated 
cones to make the ore fall from the ends of each of 
them into the other and return, and so secure a 
constant —— of the ore by mechanical means. 
The cylinder may be regarded as two such cones, 
and the diaphragm as the points of intersection at 
different intervals of their revolution. 

Any kind of ore may be treated in the furnace, 
but the higher the percentage of sulphur and galena 
the smaller the quantity that can be turned out in 
24 hours. Many of the ores of Colorado are very re- 
fractory, containing large quantities of lead, zinc, and 
sulphur. They are very difficult to treat owing to 
the tendency which they have to form either fusible 
compounds, to clinker, or at least to cake, and thus 
form masses which are not affected by the salt, and 
must be re-treated. The ter the amount of 
sulphur in the ores the longer the time it takes to 
treatthem. The difficulty is greatly increased with 
the tendency of the ore to cake. All ores must be 
crushed fine before they are charged. 

As soon as the previous charge has been withdrawn 
from the furnace it is ready for a fresh charge. It 
is at a dull red heat from the previous charge, or is 
brought into that condition, revolving at the rate of 
one-half to one turn a minute, It is then brought 
into position with the charging door up, and 
stopped. The ore which is stored in bins in the 

above is charged from a hoeges throngh a long 
flexible conduit, which is brought directly over the 
charging hole and the charge introduced. The 
weight of the charge is very variable, and depends 
upon the nature of the ore. 

At the Niederland Mill, in Carabo, where the ore 
contains 5 per cent, of galena, 4 per cent. of blende, 
and 2 per cent. of copper pyrites, or a total of 11 
per cent. mineral matter, the charge is 3700 lb. as a 
maximum, 

At the Pelican Mill, where the ore contains 15 to 
16 per cent. of galena and pyrites, and sometimes as 
high as 15 per cent, of blende, or 30 per cent. of 
mineral matter, the charge is rarely higher than 
3500Ib., and sometimes considerably less. These 
ores are very difficult to treat on account of the very 


o 


large quantity of blende. The size of the charge is, 
however, not necessarily an indication of the 
capacity of the cylinder, for the time taken to treat 
it is exceedingly variable, depending upon the care 
that must be taken with it. e greater the amount 
of mineral matter the larger the amount of sulphur 
will be, and the longer the time it will take to treat 
it. If the ore is very “light,” that is composed 
mostly of oxides, the charge may be large and the 
time as short as fourhours. At the Niederland Mill 
it takes eight hours. Ifit is very ‘‘ heavy” like those 
of the Pelican Mill, it will be at least 12 to 13 and 
sometimes 20 hours. 

The four cylinders at the Niederland Mill roasted 
in the years 1875-6 nearly 4000 tons of silver ores, 
The capacity of the cylinder for each variety of ore 
is determined by Mr. Cone, of this mill, by filling 
the cylinder, so that when the ore has swelled to its 
maximum it will just run out of the back nozzle of 
the cylinder. 

As soon as the charge is introduced a sliding valve 
in the bottom of the ho = cuts off the ore. The 
door is then closed and fastened, and the cylinder 
made to revolve one turn in two minutes, For heavy 
ores, that is for ores which contain a large amount 
of sulphur, the cylinder at the time of charging must 
be very hot, in order to get the sulphur burning as 
soon as ible, which generally takes about an 
hour. en the ores are light, that is, consist mainly 
of oxidised products, they are simply got hot and then 
chlorodised. Sometimes, as in the Niederland Mill, 
the salt is charged with the ore. The sulphur is 
allowed to burn as long as it will, with as much air 
as possible. The fire is not made active until the 
sulphur will no longer burn. The damper for each 
cylinder is shut down when the ore is introduced, 
and is kept so until the sulphur begins to burn, 
when it is raised. With heavy ores the sulphur burns 
from three to five hours, during which time the fire 
is only just kept alive on the grate. It requires 
from the time the sulphur ceases to burn from five 
to six hours to complete the roasting, during this 
time the furnace is gradually raised to a red heat. 
It is sometimes found advantageous to regulate the 
fire by having water in the ashpit. During all this 
time the diaphragm causes the charge to move 
backwards and forwards. So long as there is any 
sulphur in the ore it falls freely through the dia- 
phragm and around the furnace. When the sulphur 
commences to burn out, it does not fall con- 
tinuously, but begins to break as it falls. 

From ten to twelve hours from the time it is 
charged it is ready for salt, which is introduced 
throughahopper. For a 3500 lb. charge not less 
than 200 lb. or more than 250 Ib. of salt are re- 
quired, depending on the richness of the ore. Soon 
after the salt is introduced, the ore becomes spongy 
from the double decomposition of the sulphates 
formed during the previous roasting, chlorine being 
given off. 

When it is chlorurised, there is no smell of sul- 
phurous acid. There must be a clean smell of 
chlorine given off for about half an hour before the 
charge is done. Samples are taken from the door 
in the back of the flue, and sometimes by opening 
the door of the cylinder, and allowing a certain 
quantity to drop into the car as it revolves. The 
chloruration varies from 85 to 95 per cent., 
according to the ore, and the care with which it is 
treated. 

When the same ore is treated it is not always 
assayed. In some works the workman is allowed 
to judge by the eye and the smell as to whether the 
chloruration is properly done, which is a very bad 
practice. It should always be assayed with hypo- 
sulphate of soda at different stages of the process. 

hen the charge is finished, which is generally 
in from four to 13 hours after the charge is intro- 
duced, an iron ~ is run underneath the cylinder 
and the charging door removed and the cylinder is 
allowed to revolve with the fastest motion with the 
door open. The charge falls into the wagon and is 
comied to the brick cooling floor. At the Pelican 
Mill this wagon is 5 ft. 6 in. long, 34 in, wide at the 
top, and 29 in. at the bottom, In some works the 
ore is dropped into a hopper beneath the furnace, 
at the bottom of which there is a screw or endless 
chain which carries the ore out into an iron trough 
cooled with water. This avoidsa considerable waste 
of time in cooling the ore and some labour. It 
takes from one to one and a half hours to discharge 
the cylinder. : 

Before chloruration the Colorado ores are greyish, 
and after the chloruration they are a brownish red. 





The whole art of chloruration consists in putting in 


the salt at the proper time, while there is still some 
sulphur in the ore, It is then said to have a velvety 
look and must be entirely free from lumps. The 
temperature should never be so high as to sinter 
the ore. This never happens except with green 
hands, It is impossibile to prevent the ore from 
caking and becoming attached to the sides of the 
cylinder. This is scraped off and must be 
crushed and re-treated, for which purpose the cy- 
linder is charged with 3000 lb., 500 Ib. of which is 
raw ore, and with 160 Ib. of salt. The ore is always 
screened on the cooling floor before amalgamating 
it. The quantity of screenings is such that one of 
the five cylinders will be run upon them two days 
in a week. The exact quantity will depend largely 
upon how long the hot ore remains in the wagons, 
and how long it remains in heaps on the cooling 
floor before it is spread out. All heavy ores have a 
tendency to cake in the heaps if they remain for any 
considerable length of time. The scrapings of the 
five cylinders at the end of the week, when work- 
ing on heavy ores, will amount to one charge. The 
quantity of scrapings depends on the amount of lead 
in the ore. ‘ With light ores the cylinders have been 
run two weeks without any scrapings. 

The scrapings and screenings are crushed together 
and are always treated separately from the ore. 

One and a half cords of wood is more than enough 
at the Pelican Mills to run two cylinders 24 hours 
with very heavy ores. This is three-fourths of a 
cord of fuel for 3500 lb. At the Niederland Mill 
they use one and one-half cords to 5 tons of ore, 
which is still less; being three-tenths of a cord, but 
the ores are quite light. Mr. Briickner states that 
three-quarters of a cord of wood, or three-eighths of 
a ton of coal, must usually be counted on for ordi- 
nary ores. The wood is piled beside the cylinders 
at the workman’s hand. The two cooling floor men 
bring it to the cylinders. The woods which are 
generally used are red spruce, which costs 5 dols, 
per cord, and bastard pine, which costs 4dols. The 
red wood gives a very quick fire, and a great amount 
of flame, which is important for the proper working 
of the cylinders. Five furnaces require one roaster 
and one helper for a shift of 12 hours, or four men 
in 24 hours. It is very questionable whether it is 
desirable to have such long shifts in a process which 
requires such constant watching. With eight hour 
shifts the men would be less fatigued and much 
more likely to do the work well. 

The cost of roasting at the rate of 20 tons a day 
with four cylinders at the Carabo Mill in 1871 was: 


dols. 

Two roasters ... _ oa oe ev» 200.00 
One helper... sail _ wn 75.00 
104 cords wood at 3.50 dols. per cord 364.00 
26 tons of salt eee see vex 1820.00 
Candles ‘ian 5.50 
Tallow _ ' 1.50 
Black lead... rd 7 Ea 1.00 
One-third power and general expenses 287.00 
2756.50 


Cost of roasting 520 tons ... 
99 a. 1 ton =: vce oes OB 
This is very much less than roasting with a re- 
verberatory furnace, The expenses for reasting 


light ores in Georgetown with two cylinders, having 
an average capacity of 7 tons in 24 hours were, 
dols. 


One man for two cylinders 12 hours at 
3.25dols. ... on nel se san. ae 
7 per cent. of salt, or 980lb., at 3 cents 
per pound ... es abe & «. 29.40 
14 cords of wood at 5 dols. per cord 7.50 
Total for roasting 7 tons of ore ... 43.40 
or for 1 ton of ore 6.20 


The expenses for labour and fuel are small, but 
vary somewhat in different localities. ‘The roasting 
is very uniformly done, occupies less time than in 
areverberatory furnace, and costs less. 

The only repairs required are to the throat and 
the diaphragm. The throat must generally be re- 
paired once in six weeks or two months. In 
Colorado the castings are made from old iron taken 
from all kinds of machinery and furnaces, which has 
been frequently melted, without much regard to 
quality, and is very hard and poor. They cost 
8 cents per pound. They are so bad that it is the 
intention now to have the castings sent from the 
east. The time that a diaph will last depends 
upon the quaatity of sulphur in the ore. It will 
usually last from four to five months with very 
heavy ore. With light ores one set will last a year. 
When a tube of the diap breaks, the cylinder 
is still run for the week, and new tubes are put in 





on Sunday, when the works stop for repairs. A 
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great deal of importance was placed at first on 
having the diaphragm in good order. It was found 
that the scale which should protect it would not 
always form, and the tubes were constantly giving 
out and being replaced by new ones. Mr. Cone, of 
the Niederland Mill, never having had a complete 
set in his cylinders, putin new diaphragms com- 
plete; but they were rapidly worn out, and as 
they broke the stumps were in the way, and he 
now finds that the furnace works better without 


them, and since he has definitely abandoned the use | 


of diaphragms he finds that the furnace works just 
as well, and there is a great deal less dust in the 
dust chambers. The rotary motion of the cylinder 
appears to be quite ample to insure sufficient move- 
ment in the ore to have it thoroughly oxidised. 

The cost of one cylinder complete, including all 
the machinery and ironwork with the royalty, is 
about 2000 dols. in Cincinnati, so that a single 
furnace delivered in Colorado will not cost less than 
2500 dols. to 3000 dols., depending on the accessi- 
bility of the district where it is to be erected. The 
royalty on the cylinders has been reduced several 
times. Inthe year 1874 it was 1000 dols. When 
the furnace was first introduced, insufficient experi- 
ments were made, and like most good things more 
was claimed for it than could be accomplished, . ‘This 
put a check on the introduction of the cylinder for 
a short time only. 

The advantage of the cylinder is that it does its 
work well and uniformly, and that the ore is always 
under full control of the workmen; that it uses a 
small quantity of fuel and labour; that the per- 
centage of chloruration is high, and may be carried 
to 96 or 97 per cent., if sufficient care is taken ; 
that it does not require special labour, as the process 
is easily learned by any one; the men are usually 
anxious to learn it, as they consider the position a 
responsible one, and that the machinery is simpk, 
not likely to get out of order, and easily repaired 
when it is deranged. 


LITERATURE. 


Lake Fucino, executed by the Prince 
Torlonia. n Abridged Account, Historical and 
Technical. By MM. ALEXANDER Brissz, Engineer-in- 
Chief of the work, and Lzon DE Rorrov, late Resi- 
dent Chief of the Administration. In French and Eng- 
lish. The English Translation by V. De Trvoui, Jun. 
— an Atlas of Plates. Rome: The Propaganda 

ess. 

THE modern drainage works of Lake Fucino, under- 

taken in 1854 and just brought to a conclusion, 

successfully in an engineering point of view, and 
chiefly through the energy and liberality of Prince 

Alexander Torlonia, are without doubt in many 

respects the most interesting that have hitherto been 

undertaken. And this not on account of their 
extent, nor because of the difficulties encountered in 
their execution, but for the reason that the drainage 
of this lake was an undertaking first conceived by 

Julius Cesar, and carried out subsequently by other 

Roman emperors; not successfullyindeed, on account 

of a dishonest contractor, rather than of an in- 

eapable engineer. But these ancient drainage 
works were of a vast and unique character, the 
traces of which were almost lost, until the new 
scheme was carried out, and exposed the old works. 
The book, containing the full record of both these 
undertakings ancient and modern, may be regarded 
as the literary monument of these great schemes, 
and the authors have done their work faithfully and 
well, while the atlas of plates, admirably executed 
by Italian engravers, leaves nothing to be desired. 
The letter-press is somewhat curiously disposed, so 
that the French and English versions occupy opposite 
pages, an arrangement which may be open to some 
objections, inasmuch as it doubles the bulk of the 
volume, and forms a combination useless to the 
reader, This isa small fault, however, to find with 

a volume full of interest almost on every page. 

Lake Fucino was the largest in Central and 

Southern Italy, and was situated in the pro- 
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vince of Aquila, about 33 miles east of Rome, | yards 


and 96 miles north of Naples. It covered the 
greater part of a large table land in the sous 
—— of Avezzano, a table-land surrounded 
by spurs from the main Apennine chain, so that 
its waters could find no outlet for discharge into the 
neighbouring rivers. The level of the lake in 1861 
was 2094 ft. above the sea; the area of the basin is 
about 173,000 acres. As evaporation and absorp- 
tion were the two only means by which the waters 
of the lake could disappear, its levels were variable, 





rising rapidly in wet, and falling gradually in dry 


seasons, the range being as much as 30 ft., when 
the depth of the lake was about 74 ft. These frequent 
variations were of course a cause of constant dis- 
quietude to the inhabitants around its shores, for the 
fertile lands in its vicinity were always liable to 
be flooded to the destruction of the crops, and this 
evil was felt all the more keenly in the past time, 
because the Marsi, who inhabited the very moun- 
tainous country about the lake, had noother cultivable 
land. Thelake was endowed by the Marsi with the 
dignity of a god ; this people, nevertheless, came to 
realise the probability that such a deity could well be 
spared, and appreciating more highly the active 
panes of Julius Cesar than the malignance of the 
ake, they besought him to see what could be done for 
their aid. With this resolution commences the most 
interesting chapter of Roman engineering of which 
complete records exist. About the same time that 
the petition of the Marsi arrived, Julius Cesar was 
considering the momentous question of feeding 
Rome, a question likely to be pressed rudely upon 
him before long, on account of the increasing popu- 
lation and the rapid decline of agriculture in Italy. 
The drainage of the Fucino lake would afford him 
a vast area for growing food, and it fell in as a 
natural part, of a grand scheme he had formed. 
This scheme included a ship canal through the 
isthmus of Corinth, for the quick passage of the 
corn fleets from the East, a new and capacious 
rt at Ostia, adirect road over the Apennines join- 
ing Rome to the Adriatic, the reclamation of the 
Pontine Marshes, and the draining of Fucino. Had 
Cesar lived, doubtless this great’ scheme, which 
must have brought joy to the Great George-street of 
Rome, would have teu realiséd. But the dagger of 
Brutus prevented the grand project from being even 
commenced, and the successor of Julius Cesar, 
frightened at the extent and at the cost—failing in- 
deed to realise the importance of the scheme—did 
nothing, and left the Marsi without aid. Neither 
Tiberius nor Caligula paid attention to the matter, 
though the troubles foreseen by Cesar were pressing 
hard upon Rome, and dearths were becoming fre- 
quent. But when Claudius succeeded, his advisers, 
anxious to retain popularity, brought forward these 
old projects, and two of them, the drainage of 
Fucino and the port of Ostia, were decided upon. 
Business instincts being practically identical with 
those of to-day, financiers, engineers, and contractors 
came forward with many schemes to carry out the 
work, provided they received the reclaimed land in 
payment, but the chief secretary of Claudius, a man 
named Narcissus, seeing his way to profit in the 
undertaking, persuaded the emperor to undertake 
it on his own account, and the proposition havin 
been accepted, Narcissus undevivuk the genera 
superintendence of this work as well as those at 
Ostia. From which two results followed: first, that 
the Fucino drainage was a failure, and, second, that 
Narcissus realised about 3,000,000/. But that the 
works were a failure was not due to want of skill 
on the part of the engineer, nor indeed to want of 
funds, only to the dishonesty of the chief contractor. 
With regard to the engineer, let us give honour to 
an unknown individual in the words of MM. Brisse 
and Rotrou: ‘‘ What remained of the works showed 
that the engineer who conceived the plan must have 
been a man of rare merit, for not oake had he over- 
come with as much ability as simplicity, the very 
great difficulties of such an undertaking, but every- 
thing showed that he had based it upon data, the 
precision of which is truly astonishing if we con- 
sider that in those days science and the means of 
execution were still so far from the degree of per- 
fection which they have reached in these days.” The 
levels of discharge from the lake and the outfall into 
the river were taken with the utmost care. The 
former was 59.712 ft.{below;the level of the surround. 
ing country, and 69,182ft. above the bed of the 
river ; and as the outfall was 41.487 ft. above the 
Liris, a total fall of 27.703 ft. was obtained, giving 
a gradient of 1.5 per 1000 along the whole length of 
the tunnel (6114 yards), An area of 11.9 square 
was originally given to the tunnel, but in 
execution this was not maintained ; the position of 
the works show clearly that it was not the intention 
wholly to remove the lake, but only to reduce its 
area very considerably, Between the lake inlet and 


the point of discharge the drainage tunnel did not 
follow a straight line, but was formed in three 
sections, making very obtuse angles with each 
other, this course having been selected with 

judgment, as it reduced considerably the amount of 
rock tunnelling, it shortened the.total length of the 








working bystriking the Liris at a nearer point, and lay 
in the lower ground so that the depths of the workin 

shafts were greatly lessened. There were forty o 

these shafts in all, a greater number than was 
originally contemplated by the engineer, but which 
were rendered necessary as the work proceeded. 
They were all — in section, and many were 
sunk through solid rock to very considerable depths, 
the deepest being on the Campi Palentini section. 
Special and very interesting reference is made to one 
that the engineers reopened and used during the 
recent operations. 


‘In the course of the Torlonia. works, it was found 
necessary to, re-open one of the ancient shafts in the Campi 
Palentini, sunk through a of clay and sand for more 
than 280 ft. The shaft had not been touched since the 
Romans had filled it up. The timbering with which it had 
been lined though carbonised by its long stay (18 centuries 
underground, was still in its place without | having shift 
in the least ; so that it was easy to get acquainted with its 
exact position and dimensions. The sides of the eqaare, 
each measuring 14.16 ft., were su in the middle by 
strong cross beams, which thus divided yl en 
four equal compartments each 5.16 ft. square. These were 
used merely for hoisting up the rubbish excavated in the 
tunnel in skips or buckets, which had a cylindro-conical 
shape, and were made of copper strengthened with broad 
bands of soft iron. The capacity of these buckets was not 
very great, only about 1.4 cubic feet. They were s 
by means of hooks to ropes set in motion by men working 
ab the bar of a vertical ogres mounted on a wooden 
framework close to the mout 


of the shaft. Each shaft 
had two such capstans, so that two buckets could ascend 
and descend simultaneously, or perhaps it was so — 
that while one bucket was loading at the bottom of the 
shaft, the second was being raised, the third emptied of its 
contents, and the fourth descending empty, so that the 
capstans were always at work.” 


But besides the shafts there was also a very ex- 
tensive system of auxiliary works, consisting of a 
series of inclined galleries, which varied according 
to the uses they were put to. In the Campi 
Palentini, where the ‘shafts were deepest these 
galleries dipped towards the river to the nearest 
shaft, and generally stopped on reaching it; they 
were employed to ventilate the shafts while the 
latter were being sunk. Some, however, were con- 
tinued beyond their intersection with the shafts 
down to the tunnel, giving access to the latter and 
facilitating the removal of spoil. Sometimes they 
were driven at different heights in the same ‘vertical 
plane, and occasionally three were met with, one 
above another. In such cases connecting shafts were 
driven between them to improve ventilation, the 
number and extent of course varying with the = 
tion of the tunnel; altogether the length of these 
auxiliary works was double that of the main tunnel, 
Three-fourths of the whole whole work was driven 
through solid rock, and the remainder through diffi- 
cult ground, and they speak alike of the skill of the 
engineer who planned them, of the dishonesty of the 
chief contractor who carried them out. of the 
wonderful perseverance showed during their execu- 
tion, and of the enormous outlay incurred. Some 
very interesting evidence exists of a serious accident 
which occurred through flooding at one part of the 
works, involving an extensive deviation of the original 
line. 

The head works in the lake comprised a trape- 
zoidal basin with the narrow end towards the tunnel ; 
the entrance was fitted with gates working in grooves, 
and raised by capstans placed above the entrance in 
the thickness of the masonry. In front of this*basin 
there was a second, hexagonal in shape, and divided 
from the former by a wall, on which there was 
another construction jutting into the h nal 
basin, and establishing a communication between 
both, The sluice for regulating the outflow had 
been first placed there, but was removed, and the 
hexagonal basin became useless, Finally a mason: 
channel led the water from the lake into the tunnel. 

After 30,000 men had been employed during 
eleven years upon the works, the contractor an- 
nounced that the water could be let into the tunnel, 
and the event was celebrated by a great festival, 
compared with which the inauguration of modern 
engineering triumphs are and m It was 
found, however, on the opening day that the bottom 
of the inlet basin was about 17 ft. too high, and only 
a small part of the lake could be drained. The 
nec alterations were made and a second féte 
celebrated the new attempt. An unfortunate in- 
cident occurred on this occasion. A platform for 
Claudius and his suite was erected over the inlet 
works that they might better see the rush of water 
into the tunnel, but unfortunately the sluices were 
swept away and the emperor and his attendants 
were nearly lost. Shortly after;this Claudius died, 
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and Narcissus, so far as is known, had not the 
opportunity to carry out any more contracts. 

e cost of this work was about 14,000,000/. 
The imperfect manner in which the tunnel had been 
made soon caused it to become choked, and after 
the death of Claudius it fell into disuse. Trajan 
115 A.D.), however, made some efforts, and Hadrian 
‘ar greater ones, towards restoring and rendering 
useful the great work. The latter constructed lar 
and improved collectors at the lake, lowered the 
point of inlet, and cleared the tunnel, thus pre- 
venting inundation in the lake and reclaiming a 
certain portion of the banks. 

With the fall of the Roman Empire the scheme 
was entirely abandoned, and until 1240 it remained 
untouched. At that time Frederic II. of Swabia, 
Emperor of Germany, gave orders to repair and 
clear the tunnel, but it was done very imperfectly. 
In 1600 a great inundation called prominent 
attention to the subject, and the inhabitants called 
in Domenico Fontano, the architect and engineer of 
Sixtus V., to report on the possibility of reopenin 
the work. The attempts made, in accordance wit 
this report, were unsuccessful. Towards the end of 
the 18th century many suggestions were made for 
the necessary works, and in 179] the Government 
assisted Ignacio Stile, a Neapolitan engineer, to 
commence restoration, under the charge of Abbé 
Lolli, who had long been en in examining and 
considering the question. Political events, however, 
— any practical results from being achieved. 

e must reserve for another occasion a review of 
the various attempts made in the same direction 
during the present century, and which terminated 
with the completion of the scheme by the Prince 
Torlonia. 





BELL’S ARTICULATING TELEPHONE. 


Atrempts have been made for many years past to 
transmit musical or articulate sounds to a distance 
by means of electrical communication, and some of 
the early experiments of the late Sir Charles Wheat- 
stone were accompanied with so much success that 
it was hoped that a time would come when an in- 
strument might be constructed not only to register 
graphically certain audible sounds, but to produce 
upon a diagram a set of signs by which the sounds 
of t the human voice could be recorded; in other 
words, that it might become ible to construct an 
automatic reporter, and in the Loan Collection of 
Scientific Apparatus at South Kensington may be 
seen sev instruments bearing upon these re- 
searches, and in which the vowel sounds are 
recorded by a series of distinctive curves. 

In the year 1860, Philipp Reis, of Friedrichsdorf, 
near Homburg, following the researches of Wer- 
theim, Marian, and Henry, upon the production of 
sounds by electricity, invented the telephone which 
bears his name, and which also may be seen at 
South Kensington, The telephone of Reis is of 
two parts ; a transmitting instrument and a receiver. 
The former consists essentially of a stretched mem- 
brane which, by vibrating in unison with the im- 

8 it receives from musical sounds played near 
it, transforms those impulses into a series of elec- 
trical currents by a simple make-and-break arrange- 
ment, and these currents acting on the receiving 
instrument, which may be hundreds of miles distant, 
reproduce the corresponding notes, so that a tune 
played at one station can be distinctly heard at the 
other. 

The receiving instrument is founded upon the 
well-known phenomenon discovered by Page in the 
year 1837, that a distinct sound accompanies the de- 
magnetisation of an iron bar placed in an electro- 
magnetic helix, It consists of a soft iron bar about 
the size of a knitting needle surrounded by a helix 
of wire which forms part of a voltaic circuit with 
the transmitting instrument, and for intensifying 
the effect both instruments are provided with 
sounding boards or resonators. From the above 
description it will be seen that if a note which 
makes, say, one hundred vibrations per second be 
sounded in the neighbourhood of the transmittin 
instrument, its membrane will make one hun 
corresponding vibrations, making and breaking the 
voltaic current one hundred times, and producing 
one hundred demagnetisations in the receiving in- 
strument for every second of time, so that exactly 
the same note that was sounded in the transmitter 
will be audible at the distant station. It is obvious 


without a possibility of error the elements which 
make up melody, viz, correctness of note combined 
with measure of time. 

Following Reis in Germany, Elisha Gray in 
America constructed, in 1874, his far more perfect 
electric telephone, in which the transmitting instru- 
ment consists of a vibrating reed, which is at oncea 
note producer and a rheotome or contact breaker. It 
is tuned like the reed of a harmonium to its proper 
note, and when adjusted can only transmit to the re- 
ceiving instrument the number of currents per second 
corresponding to the vibrations producing its note. 
Elisha Gray’s receiving instrument is clectrically 
similar in principle to that of Reis, but consists of a 


horse-shoe electro-magnet mounted upon a wooden 
sounding box or resonator with a heavy armature 
— The transmitting instrument 

a key-board similar to that of a 


attached to its 
is provided wit! 





attached to a pillar about 2in. above a horizontal 
mahogany stand ; in front of the poles of this magnet 
—or more correctly speaking magneto-electric in- 
ductor—is fixed to the stand in a vertical plane a 
circular brass ring, over which is stretched a mem- 
brane, ing at its centre a small oblong piece of 
soft iron which plays in front of the inductor magnet 
whenever the membrane is in a state of vibration. 
This membrane can be tightened like a drum by the 
three mill-headed screws shown in the drawing. 
The ends of the coil surrounding the magnet termi- 
nate in two binding screws by which the instrument 
is put in circuit with the receiving instrument, which 
is shown in Fig. 2. Thisinstrument is nothing more 
than one of the tubular electro-magnets invented by 
M. Niclés in the year 1852, but which has been re- 
invented under various fancy names several times 
since. It consists of a vertical bar electro-magnet 
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harmonium, and each note has its corresponding 
key and vibrating reed. 

e same’ inventor has since introduced his 
splendidly worked out telephonic telegraph, by which 
four or more distinct messages may i transmitted 
in the Morse code simultaneously along a single 
wire. This apparatus depends for its principle upon 
having a vibrator at the receiving station, tuned so as 
to be affected only by its corresponding transmitter 
at the sending station, and thus the receiving inatru- 
ments along a line of wire have the power of select- 
ing those messages intended for themselves and 
letting all others This has also been accom- 
plished by a Danish engineer, M. Paul Lacour, who 
employs vibratory tuning-forks for transmitting the 
impulses, and a series of corresponding tuning-forks, 
each arm of which is enclosed in a magnetic helix 
for the selecting instrument. This selecting instru- 
ment can be used either as a receiving tele Somes or 
by being employed as an intermediate relay, may 
transmit the signals to ordinary telegraph instru- 
ments. 

We give above illustrations of the transmitting 
and receiving instruments of Mr. Graham Bell's 
articulating telephone, by which the sound of the 
human voice may be transmitted by electricity along 
a err line and heard, as a voice, at the other 


end, 
The articulating telephone of Mr. Graham Bell, 
like those of Reis and Gray, consists of two ; 
a transmitting instrument and a receiver, and one 
cannot but be struck at the extreme simplicity of 
both instruments, so simple indeed that were it not 
for the high authority of Sir William Thomson, one 
might be pardoned at entertaining some doubts of 
their capability of producing such marvellous 


that the duration of and time between two notes | results. 


must be identical at both ends of the conductin 
wire, and thus is reproduced automatically an 








The ‘transmitting instrument, which is represented 
in Fig. 1, consists of a horizontal electro-magnet 








enclosed in a tube of softiron, by which its magnetic 
field is condensed and its attractive power within 
that area increased. Over this is fixed, attached by 
a screw at a point near its circumference, a thin 
sheet iron armature of the thickness of a sheet of 
cartridge paper, and this when under the influence 
of the transmitted currents acts partly as a vibrator 
and partly as a resonator. The magnet with its 
armature is mounted upon a little bridge which is 
attached to a mahogany stand similar to that of the 
transmitting instrument. 

The action of the apparatus is as follows: When a 
note or a word is sounded into the mouthpiece of the 
transmitter, its membrane vibrates in unison with 
the sound, and in doing so carries the soft iron in- 
ductor attached to it backwards and forwards in 
presence of the electro-magnet, inducing a series of 
magneto-electric currents in its surrounding helix, 
which are transmitted by the conducting wire to the 
receiving instrument, and a corresponding vibration 
is therefore set up in the thin iron armature suffi- 
cient to produce sonorous vibrations by which arti- 
culated words can be distinctly and clearly recog- 

In all previous attempts at producing this result, 
the vibrations were sualaeen by a make-and-break 
arrangement, so that while the number of vibrations 
per second as well as the time measures were cor- 
rectly transmitted, there was no variation in the 
—— of the current, whereby the quality of tone 
was recorded. This defect did not prevent the 
transmission of pure musical notes, nor even the 
discord soatnael by a mixture of them, but the 
complicated variations of tone, of quality, and of 
modulation which make up the human voice, re- 
quired something more than a mere isochronism of 
vibratory _ 

In Mr. Bell’s apparatus not only are the vibra- 
tions in the receiving instrument isochronous with 
those of the transmitting membrane, but they are at 
the same time similar in quality to the sound pro- 
ducing them, for the currents ieee induced by an 
inductor vibrating with the voice, differences of 
amplitude of vibrations cause differences in — 
of the impulses, and the articulate sound as of a 
person speaking is produced at the other end. 

Of the capabilities of this very beautiful inven- 
tion we cannot give them better than in the words 
of an ear witness, and no less an authority than Sir 
William Thomson, who in his opening address to 
Section A at the British Association at Glasgow, 
thus referred to it : 

“In the Canadian Department I heard ‘To be 
or not to be..... there’s the rub,’ through an 
electric telegraph wire ; but scorning monosyllables, 
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the electric articulation rose to higher flights, and 
gave me passages taken at random from the New 
York newspapers: ‘8S.S. Cox has arrived’ (I failed 
to make out the ‘S. S. Cox’); ‘the City of New 
York ;’ ‘ Senator Morton ;’ ‘ the Senate has resolved 
to print a thousand extra copies;’ ‘ the Americans 
in London have resolved to celebrate the coming 
4th of July.’ All this my own ears heard, spoken to 
me with unmistakable distinctness by the then 
circular disc armature of just such another little 
electro-magnet as this which I hold in my hand. 
The words were shouted with a clear and loud voice 
by my colleague judge, Professor Watson, at the 
far end of the telegraph wire, holding his mouth 
close to a stretched membrane, such as you see 
before you here, carrying a little piece of soft iron, 
which was thus made to perform in the neighbour- 
hood of an electro-magnet, in circuit with the line, 
motions proportional to the sonorific motions of the 
air, This, the greatest by far of all the marvels of 
the electric telegraph, is due to a young countryman 
of our own, Mr. Graham Bell, of Edinburgh and 
Montreal and Boston, now becoming a naturalised 
citizen of the United States. Who can but admire 
the hardihood of invention which devised such very 
slight means to realise the mathematical conception 
that if electricity is to convey all the delicacies of 
quality which distinguish articulate speech, the 
strength of its current must vary continuously and 
as nearly as may be in simple proportion to the 
velocity of a particle of air engaged in constituting 
the sound.” 








RAILWAY JUNCTION WORKING. 

In Captain Tyler’s report to the Board of Trade 
upon railway accidents for the year 1875, we find, 
under Class E, a list of those collisions which 
occurred at junctions, and which called for the 
usual investigation on behalf of the Board of Trade. 
They are fourteen in number, and they were the 
occasion of death to one person, a railway servant, 
and of injury to 114 others, seven of whom were 
servants of the companies concerned. ‘In every 
case there was negligence or mistake on the part of 
officers or servants. In five cases there was want 
of block telegraph working. In four cases there 
were defective signal or point arrangements, or want 
of locking apparatus. In three cases the accommo- 
dation was insufficient for the traffic. In one in- 
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stance there were either insufficient brake power, or 
insufficient establishment respectively.” So says the 
report. 

For the previous five years the number of acci- 
dents classed under this head stand respectively 
18, 19, 32, 20, 22. For the year 1875, and in the 
aggregate for the whole term, they occupy the third 
position in the eleven classes under which the whole 
of the investigated accidents are enumerated. It is 
thus the ¢hird, as “ collisions within fixed signals at 
stations or sidings” is the first, source of danger with 
which railway management has to grapple. 

A junction will, under any circumstances, prove 
more dangerous than an ordinary, open, free piece 
of line. It isso, because at this point trains cross 
each other's tracks, and pass from one line to the 
other ; but we fail to see why, apart from the danger 
attending the use of points, a junction should not 
be worked with as much safety to the traffic passing 
over it as is any other portion of the line. Given 
a properly equipped signal-box, provided with 
efficient locking apparatus and block signals, there 
should be no Sitftoalty and no danger more than 
attends other portions of the line. The error in 
working such points lies, not in the apparatus, nor 
in the men, but in the manner of working them. 
The extract which precedes these remarks appro- 
priates no less than five of the fourteen accidents to 
want of junction block working. The conclusion 
is no doubt within the mark, for a careful perusal of 
all the cases coming within the class would rather 
indicate that no less than nine might fairly be 
attributed to it. It is in a proper application of 
block signalling to junction working that the 
existing danger attending such points is to be 
mainly overcome, In the reports i owe the several 
accidents we have the remark, ‘There does not 
appear to have been any system of — block 
working in force,” occurring more t once, and 
we find under the Portobello (G.W.R.) accident of 
the 5th of November, the signalman ‘‘ was not re- 
quired by his regulations to block back to the next 
cabin whilst allowing such an obstruction near his 
cabin” .... “under improved arrangements for 
shunting the goods trains directly across, instead 
of see-sawing them up and down the lines, and a 
better mode of block working, such mistakes would 
not be made, and there would be less delay to the 
traffic,” “Pe 3 





The essence of block signalling lies in the fact that 
by it trains are kept apart by a certain and defined 
interval of space. Why is it this does not apply at 
junctions as well as on the straight road? Take 
now for instance a simple junction such as is shown 
in Fig.1. We will assume the main line A B C and 
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the branch section B D are worked under the block, 
and that A and C are stations. The rule prescribes 
that not more than one train shall be in any one 
section upon the same line of metals at one and the 
same time. We havea train running from C to- 
wards A, and another has to come from D to couple 
with it at A. Now where is the virtue of allowing 
the train from D to draw up to B until that from C 
has B? Or, if the main line train is late, of 
allowing that from C to draw up to the junction till 
that from D has passed it? It isclear that in either 
case, if it does so, it must wait until that which first 
enters the section B A is clear of it. Why then not 
keep it back at D or C, as the case may be, until the 
other has passed? The danger lies in these two 
trains meeting at the point B. If they are kept 
apart by the space B D or BC, it is clear the danger 
no longer exists. 

Take now a down branchtrain, It must cross the 
up mainline. Here the danger lies in its coming 
into collision with an up main line train at the 
junction point. But if we keep the up main line 
train back at C till the down train has 
cleared B we remove all danger. 

But this means delay! It means delay, but it 
means safety, and safety or freedom from accident 
means economy. In the nine cases to which we have 
alluded, 64 persons, including railway officials, are 
reported to have been inj . Now casting aside 

sentiments of humanity, and reducing the ques- 
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tion to one of a merely commercial character, what 
did the injuries to these 64 persons cost the com- 
panies? Itis questionable if the establishment of 
such a system as we have propounded would have 
cost one quarter the amount of these damages. 
Why then delay it? Every day which witnesses the 
absence of it, is a day of risk to the traveller and to 
the shareholder alike, 

In working out this principle the rule to be laid 
down is: That the junction sections of every road 
which will be fuuled by the coming train shall be regarded 
as one section until the train has passed the fouling 
point. We will take a triangular junction as perha 
the most complex for this work. B C D 
(Fig. 2), represents the main road. E F the branch. 


The block arrangements should be supplemented by 
an additional block instrument at A worked from B 
for down branch trains; the same at D for branch 
trains from D to C ; and the same at F for up branch 
trains from F to E. There will thus be between 
these points two sets of block indicators for trains 
proceeding ¢owards the junction. One bell only is 


necessary. The two block indicators are not abso- 
lutely necessary, but there is an advantage in their 
employment which will appear further on. ‘The block 


indicators for the branch trains will be maintained 
at danger, so that no branch train may leave either 
A D or F without permission from B C or E 
respectively ; and B and C will each, regarding E 
as their branch, keep their signals for trains coming 
from that point also at danger. We will now 
follow a train through from the direction of A to 
F. Itisa branch train. Previous to its arrival at, 
or hy gue from A, B is advised of its approach, 
and the number of beats on the bell tells him its 
character. ‘The branch signal is at block and it 
cannot leave A till it is set to clear. Previous to 
clearing it B has to protect it from any up main 
line train, as the down branch will cross those 
metals at B. B, therefore, places the block indicator 
at C at danger, and notifies by the bell that the 
road is blocked or odstructed. C acknowledges this, 
having first put on his out-door signals in conformity 
with the block... Now B is at liberty to admit the 
down branch train, and he accordingly gives A the 
clear signal, and on the arrival of the train there it 
is allowed to proceed. On its leaving A the block 
signal is put on bebind it, and E is advised of its 
approach. E's main line is from B to F, C is his 
branch, and E's branch signai worked to F is for 
trains proceeding from F towards D. This signal E 
yapers except when cleared for a branch train, 
E C being E's branch, his signal worked to C will 
also be at danger. The coming train is, therefore, 
already protected inst any train which might 
cross its metals at E. It enters the BE section 
and is protected at B. B then clears his up main 
road at C. The train has now entered E F, is pro- 
tected at E, and cleared at B. It will,be observed 
that during this time there has been no stoppage of 
any up main train from F, For this there was no 
necessity, as it would run parallel with the down 
branch train, It has been stated that the block 
signals at E, worked from B and C, stand normally 
at ; the main line A D, is thus kept clear, that 
is, it is only obstructed when trains are within any 
of its sections. 

Assuming now that there is but one block in- 
strument for trains from A to B, D to C, and F to 
E, it remains to keep that instrument always at 
block, and only to clear it when the road has been 
yreneres for it. At the same time, although the 
ock signals stand against trains which might 





foul it coming from other points, it might be 
advisable to more strictly impress the existence 
of the block by a bell signal representing an 
obstruction. But there is always this objection 
to such a form of working. The line is shown to 
be obstructed where it really is not obstructed 
—that is when there is nothing in the sec- 
tion—and nothing crossing, or about to cross the 
points. It is not clear why it should be, but it is 
nevertheless a fact, that men do not pay that re- 
spect to such a signal as they do to that raised for, 
and maintained only so long as there is, a real 
danger. ‘There is, moreover, another drawback 
about it, and that is that the instrument being 
always at block gives no indication of when a train 
is in the section. That system which only blocks 
for a train, or for an obstruction, tells the man 
working it there is a train in the section or crossing 
the junction, and it leaves no doubt upon his mind. 
Both systems alike, of course, have their record 
books which show the in and the out of each train ; 
still it is not well to trust to book entries or to 
mere memory, the signal instrument is a better and 
an additional check. Hence then ree the reason 
for the additional signal for branch trains. A still 
more forcible one, however, exists. The method 
adopted in working electric block signals should be 
as nearly as possible analogous to that employed in 
working the line, or out-door signals themselves. 
Improvements as applied to the latter prevent the 
lowering of conflicting signals by which trains may 
be allowed to come into collision. Electrical signals 
as a rule are far behind in this respect. Many of 
the block systems in use are from their formation 
incapable of any such application. There is no 
reason for this. On the contrary it is highly de- 
sirable it should be otherwise. Several junctions on 
the Lancashire and Yorkshire Railway, and it is be- 
lieved the whole of those on the London and South- 
Western, are provided with electrical junction 
switches of two, three, or more levers as may be re- 
quired, see Fig. 3. Each lever or switch handle 
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interlocks by means of a movable bar beneath, 
much in the same manner as those of a locking 
frame. Thus, in the example before us (Fig. 2), B 
would be provided with a four levered switch, one 
lever of which would work the block signal for down 
main trains, another that for down branch trains, a 
third that for up branch trains, and the fourth that 
for up main line trains. These levers would be so 
arranged that it would be out of the power of the 
signalman to at one and the same time give the 
clear signal to either of the signal boxes in com- 
munication with him, for trains which could come 
into collision with each other. C and D would be 
similarly provided. 

There is room for much improvement in electrical 
block signals. They remain, with the exception of 
Preece’s, Tyer’s, and Walker’s, in form and mani- 
pee pretty much the same as when first drafted 

or the work, Originally an ordinary speaking tele- 
graph instrument, they are practically the same 
still. The dial is coloured, or it may be lettered ; 
or the needle may carry a card, but it is worked like 
a needle instrument, and its indications are by the 
needle. Mr. Preece was the first we believe to con- 
ceive the idea of moulding block signals after the 
fashion of those used upon the line, and he has 
carried this not only to the block signal itself, giving 
it the form of the semaphore, having but two indi- 
cations—blocked and clear—but also to the method 
of working the signals, Thus a switch—a miniature 
lever—is used to raise the arm or to lower it precisely 
in the same manner as the lever in the frame actuates 
the line signals. Although in Walker's and in 
Tyer’s we have for the signal instrument a miniature 
semaphore arm, it is still worked, in the one case by 
a key, such as is known in telegraph circles as a 





Morse key, and in the other by a buffer or plunger. 
There would no doubt be some difficulty in making 
these keys and plungers, the old-fashioned double 
and single needle handles, or the pedals of Spagno- 
letti’s to interlock, but there does not appear any 
reason why these instruments should not be worked 
by a switch such as is employed by Mr. Preece. In 
form it isasignal lever. Electrically it is simply a 
key or commutator, which can be made to do pre- 
cisely what the Morse keys, plungers, tappers, and 
double needle handles do, and it offers the immense 
advantage of locking. 

We are desirous of seeing junctions worked on 
this principle, and we believe it only requires to be 
more thoroughly understood by railway men to be 
appreciated as it ought. The fault lies not wholly 
with the railway authorities. Proper appliances 
have not in all cases been placed at their depen. 
As a rule railway men know little of electricity, and 
until its capabilities are fairly set before them they 
are ignorant of them, It is for the telegraph engi- 
neer and others interested in the science to bring it 
forward. The loss of life and the destruction of 
property which year after year witnesses, claims the 
efforts of all towards its amelioration. The means 
exist, its application only is needed. 

But there are numerous junctions, we had almost 
said, as innocent of block signals as of locking frames ; 
but we trust this is not quite the case ; we hope lock- 
ing frames at least have made their way into the 
major portion of our junction signal boxes. Still 
there are, no doubt, very many such points to which 
electric signals are a stranger, and to such points it 
is evident our previous remarks cannot apply. But 
for these points electricity may do much to improve 
their present mode of working, and that at but 
little cost. There must, however, be combined 
with it a more judicious arrangement of signals than 
is, it is to be regretted, frequently observed at the 
present date. The oldstandard or home signal-post, 
carrying upon it the whole of the arms which 
govern the junction, must cease to exist. To the 
spot occupied by this post practically all trains may 
come, but no further, This post is their stopping 
point. It is clear no one point can be chosen which 
shall so protect all the junction points that a train 
stopping at it from any direction shall not foul 
either one road or another. It is, therefore, 
wholly wrong on principle and in moral effect. 
The practice is, in some instances of recent con- 
struction, being superseded so far that the branch is 
protected by a separate post, which keeps the branch 
trains, some 20 yards perhaps, clear of the junction 
points. But we must go further to find the pro- 
tection we desire. 

Let A (Fig. 4) be a junction box, and let the 














home or stop signals, instead of being arranged at 
the junction ame , be fixed some 300 yards away 
as shown at B,C, D. It will be understood that 
these signals are the stop signals which supersede 
the junction standard; the distant signals are at 
their usual positions, some 500 to 800 yards beyond 
these points. Now it is clear if we succeed in keep- 
ing trains at this distance from the points, there will 
be no danger of their fouling the crossing. More- 
over, there is a certain margin left for careless driv- 
ing and those other contingencies conducive of 
accident. But each signal is 300 yards from the 
box, and there will arise occasions when they will be 
hid from the signalman’s view, and any trains stand- 
ing at them will also be hid from his view. Here 
electricity may prove serviceable. Every train will 
naturally draw up at the signal-post whenever the 
signal is on against it. It may be directed that it 
shall do so, If, then, a treadle of such proportions 
that at least one wheel of any carriage, truck, or 
engine, composing the train, shall press upon it 
during the stoppage or age of any train coming 
in that direction, be laid parallel and in connexion 
with one of the metals, we shall have by it a means 
for working a commutator, or key, by which a cur- 
rent of electricity may be brought into action, and so 
be made to work an indicator and bell combined, 
fixed in the signal-box, so as when a train is waiting 
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to make the indications represented by Fig. 5. The 
word “waiting” would be attached to a movable 
index and would only be exhibited during -the 
time the treadle was depressed. The arrangement 
of the bell would be such of course as to give one, 
two, three, or four beats; as it may be assumed, a 
continuous ringing kept up during the time the train 
might be kept outside the junction, would be anything 
but conducive to the signalman’s equanimity, 
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The difficulty of stopping an “‘empty engine” 
precisely at the spot where the treadle is placed may 
be advanced as an argument against such an 
arrangement; but to this we answer that some 
better arrangement of the signals is absolutely 
needed ; that the further these can, with reason, be 
placed from the junction points, the greater will be 
the safety; and, finally, that engine-drivers are 
as amenable to reason as other people, and as fully 
alive to the fact that these adjuncts operate as 
much for the preservation of their own lives as for 
those of the passengers, and will, therefore, readily 
conform to any rules whieh may be needed to give 
effect to them. Add to this that any failure in the 
apparatus would merely result in a free use of the 
engine whistle, and we have every confidence that 
the means proposed would be found to materially 
reduce accidents of this class, 

In order to facilitate traffic on lines worked under 
the block system, it is now becoming the practice 
to provide junctions with what are termed advance 
signals, ‘These are signals for trains going from the 
junction. They are usually placed a sufficient dis- 
tance from the junction points to admit of a train of 
any reasonable length standing between it and 


the junction points. Referring our readers again | fited by 


to Fig. 4, such signals might very well be applied to 
the posts situated as at C and D. The advantage 
of them may be illustrated by the following example. 
Suppose the C section is blocked. Ordinarily this 
would have the effect of keeping any train for that 
section in the Bsection. If now there is a branch 
train following, so long as the C section is blocked 
it cannot come on, for it is kept back beyond the 
B section, but if we move up the-main line train 
beyond the junction points, holding it by the ad- 
vance signal at C, then we can bring on the branch 
train and get clear of it. So that not only does 
the branch train gain by such an arrangement, but 
inasmuch as, when the branch train is disposed of, 
there is room for another main line train, all trains 
in the rear of it gain a step. In fact by its means 
a block on the main line is not transmitted toa 
branch train following, nor is a block on the branch 
transmitted to a main line train following it. It is 
desirable that all such advance signals should be 
— with a means by which the signalman may 

now whether the train is held there or not. Under 
Class E of the report from which we have quoted 
Occurs a case in point. We allude to the collision 
which occurred at the Gas Factory Junction of 
the Blackwall Railway, on the 13th of December. 
During a dense fog the signalman had put forward 
a train under his advance signal, and apparently 
forgot it, for after a time, another train approach- 
ing, he lowered his standard for the same section 
and sent in a goods, which came upon that held by 
the advance signal. In his remarks upon this acci- 
dent the Government inspector is in accord with 
us, for he says, after referring to the fact that the 
signalman by whom the mistake was made had 
never during 18 years’ previous service had any fault 
found with him, that “some means should be 
adopted, either by a recording instrument in the 
cabin, or a fogman employed in thick weather, for 
indicating to a signalman in a such a case when a 
train which he cannot see is standing at, and when 
it has proceeded forward from, his advance signal.” 
The means is to be found in the treadle arrange- 
ment already referred to. 

It is only by the adoption of a system of working 
such as has been Gtacrtbed in the early portion of 


such as have been referred to later on that any ap- 
ne to immunity from danger at such points is to 

obtained, Improved locking gear and continuous 
brakes under the control of the engine-driver are 
invaluable accessories, but the primary object to be 
obtained is to secure all conflicting lines being held 
and treated for a given space on either side of the 
conflicting point as a block section, in which but one 
train may be admitted at one and the sametime. If 
this can be achieved, in it will lie the first and chief 
contribution to security in junction working. Butit 
must never be forgotten that railway working is 
almost entirely dependent on human aid, and 
human aid is and ever will be unreliable—human, 
electrical, or mechanical—one and all may fail. It 
is not, therefore, desirable to rely upon: any one 
means only,- but by a combination of the whole to 
reduce the chance of failure to its lowest possible 
minimum, 


PROPOSED NEW BRIDGE ACROSS THE 
THAMES. 

YESTERDAY week ata meeting of the Court of Common 
Council held atthe Mansion-house for the despatch of business, 
the Lord Mayor presiding, an —— report was brought 
up from the Special Bridge and Subway Committee by Mr. 
H. A. Isaacs, the chairman. It stated that on the 10th of 
February last, in order to meet the wants of and to relieve 
generally the continually increasing traffic of the City, it 
was referred to them to consider a report as to the advan- 
tage and the approximate cost of making the approaches to 
and of erecting a bridge over or a subway under the Thames, 
east of London-bridge, and of the best means of « i 
outthe same. All references in relation to additional ac- 
commodation for traffic between the north and south sides 
of the Thames, eastward of London-bridge, were trans- 
ferred to them, They proceeded in the matter, and the 
architect prepared and laid before them a plan showing 
the principal thoroughfares near the north and south side 
of the Thames from Londou-bridge to Wapping, which they 
carefully examined and considered, and they took steps for 
obtaining returns of the vehicular traffic over London- 
bridge to and from the districts which would be likely to 
be advantageously affected by the construction of a bridge 
over or a subway under the Thames eastward of London- 
brid, From y Bows it appeared that the average number 
of vehicles of all kinds poamaey, over London-bridge from 
north to south was about 7800, of which the proportion of 
goods traffic was estimated at about 4000; the average pro- 

rtion going from the north-east to the south-east of 
aie at 1570, the estimated proportion likely to use Lon- 
don-bridge being 380, and the proportion likely to be bene- 
a new means of crossing the river being estimated 
at 1190, It further appeared that the average number of 
vehicles of all kinds passing daily over London-bridge from 
soutk to north was about 7600, the estimated proportion of 

traffic being about 3800; the average proportion 
ing from the. south-east to the north-east of London 
ing estimated at about 1570, the number likely to use 

| London-bridge about 400, and that likely to be benefited b 
a new means of crossing the river 1170. Those results had, 
| however, been arrived at upon the assumption that the 
;goods traffic from both the north-east and south-east of 
ndon would go direct between the extreme points of des- 
tination, and not diverge into the City to deliver and load, 
and that the new means of crossing and the approaches 
| would be as con venient as those of London-bri The 
‘committee had also obtained a return of the number and 
' character of the vessels passing up the river westward of St. 
| Katherine’s Docks, from which it would be seen that the 
total number of vessels passing up the river during six 
consecutive working day was 144, two of which had masts 
40 ft. high, eight 45 ft., 13 50 ft., 11 55 ft., 32 60 ft., 39 65 ft., 
13 70 ft., seven 75 ft. ; eight 80 ft., one 90ft-, and one 95 ft. 
Having carefully considered those various returns, they 
| visited the difierent localities on the north and south sides of 
the river eastwards ef London-bridge, and after a vey care- 
ful inspection of them, it appeared to them that the most 
leligible site for a bridge over or a. subway under the 
Thames would be that approached from Little Tower- 
| hill and Irongate Stairs on the north side and from 
| Horsleydown tairs on the south side of the river. They 
then proceeded to consider the references upon the designs 
submitted by the following persons: (1) Mr. Frederick 
Barnett, who submitted plans for a low level bridge, the 
centre of which would consist of two swing bri on 
turn tables in the centre, one at each end of a pier, leaving 
waterway on each side for large vessels when the swings 
were open; (2) Mr. G. Barclay Bruce, Jun., who sent in 
plans and a model for a roll bridge, the bridge or platform 
moving over rollers from shore to shore by steam power ; 
| (3) Mr. Sidingham Duer, who submitted plans for a high 
ilevel bridge with hydraulic lifts at each end ; (4) Mr. T. 
Claxton Fidler, who sent in plans for a high level sus- 
pension bridge, apppoached on the north side by a gradient 
of 1 in 40 from the end of the Minories, and onthe south side 
round a spiral approach of about 400 ft. in diameter; (5) 
Mr. John Keith, who submitted a plan for a subway from 
the Minories to the Bermondsey New-road ; (6) Mr. Edward 
Perrett, who submitted plans for a high level bridge ap- 
proached on the north side of the river by a level viaduct 
from the top of Little Tower-hill and on the south by a 
level road to be formed, each abutment of the vridgs being 

vided with two hydraulic lifts; and (7) Mr. 
Waller, managing director of the Thames Steam Ferry 
Company (Limited), who submitted the plan of the com- 
for a steam ferry from Irongate Stairs to Shad 
Thames. They were attended by 1 #h . 











this article, 


and by the application of arrangements 





generally heard in relation to and 


gar 
respective designs and schemes. They also examined the 
Ronens aubeulited Aodiane the following persons, which 


had not been referred to them by the Court—namely, a 
a by Mr. T. Chatfield} Clarke for a low-level bridge, 
100 tt. east of London-bridge, the northern h 

from Fish-street-hill and the southern from Too! street ; 
a scheme by Mr J. Pond Drake for a swing bridge, 
50 ft. wide with a headway of 14 ft. or 16 ft. above Trinity 
high water mark; and a plan by Mr. C. T. Guthrie for a 
railway ford with double or single line of railway of nearly 
uniform Only four of the parties gave any estimate 
of the expense of carrying their igns into execution. 
Mr. Bruce’s estimate was 184,3811., and working expenses 
10,0007. ; Mr. Duer’s, 136,5001., and woreing expenses 
18721. per annum; Mr. Keith’s 163,346l., and for land and 
approaches, between 300, . and 400,0001., and Mr. 
Perrett’s 260,000., with 80,000l., for land and 40001. per 
annum for working —-. e Committee had very 
fully and carefully considered that most important subject, 
and, after mature deliberation, they had arrived at the con- 
clusion that, provided the requisite funds could be obtained 
for the purpose, it is desirable that a bridge over or a 
subway under the Thames should be constructed eastward 
of London , and that the most eligible site will be 
that approached from Little Tower Hill and Irongate 
Stairs on the north side and from Horselydown-lane and 
stairs on the south side of the river. They recommended 
that it should be referred back to them to consider the 
best means of carrying the same into effect and of pro- 
curing the requisite funds for the pu » and they 
further suggested that they should be authorised to adver- 
tise for designs and to offer premiums for those most 
agg Appended to the report were various traffic 
returns. : 





NOTES FROM THE SOUTH-WEST. 


Clifton Extension Railway.—In the Court of A ,on 
Tasks , before Lords J: collins and sere the 


case of the Attorney-General v. the Great Western Railwa; 
Company and the Midland Railway Company was heard. 
In August, 1876, the Master of the Rolls granted an in- 


junction to restrain the defendant companies from opening 
or passenger traffic a portion of the Clifton Extension 
Railway until after the expiration of the for which 
the Board of Trade had directed, or might direct, the open- 
ing to be postponed. The defendants appealed. Mr. Davey, 
Q.C., for the companies, asked to have the hearing of the 
appeal advanced ; Mr. J. Righy, for the Attorney-General 
assented. Their xy = ordered that the appeal should 
be in the paper on the first day in the Hilary sittings on 
which app are taken, 


Briton F Tramways.—The Briton Ferry Local 
Board of Health has decided not to oppose the substitution 
by = local tramway company of steam for horse power on 
I e. 


Lighthouse in the Bristol Channel.—At the last meeting 
of the Bristol Chamber of Commerce it was resolved that a 
memorial should be presented by the chamber to the Board 
of Trade, appeali inst the decision of the Trinit 
Corporation to a ght at Bull Point instead of a ligh 
house on Morte Stone, and that application should be made 
to the other ports in the channel to concur in or present a 
similar memorial. . 


Launch of the Fl go.—A vessel has been added 
to the Royal Navy bythe la ing at Devonport Dock- - 
yard of the Flamingo, a composite screw gun-vessel. She 
was commenced in December, 1875, ‘and is of: 774 tons 
burthen, and 750 horse power; and her dimensions are as 
follows: Length berwecn, perpencienintss 157 ft.; extreme 
breadth, 29 ft. Gin. ; jh moulded, 28 ft. 6in.; depth, 
14} ft. ‘The Flamingo was built in No. 3 building slip, and 
the launch, which was under the direction of the chief con- 
structor, Mr. A. Moore, was a successful one, The Flam 
was immediately afterwards taken in tow, and placed in the 
basin of Oe dees | Condor, sister ship the 

" in No. 2 slip, is completion, 
waa will te launched on the 28th of January. 

Trade at Cardiff.—The foreign coal trade of this has 
improved a trifle although tonnage is scarce and ts 
are rising. Several large companies have completed con- 
tracts for quantities exceeding their usual limits, and this 
seems to indicate a revival in the trade. The iron trade 
has slightly improved. 

Ebbw Vale Steel, Iron, and Coal Company.—The Ebbw 
Vale Steel, Iron, and Coal Company held a special meeting 
to-day (Friday) at Manchester, to confirm the following 
special resolution: ‘‘ That the nominal capital of the com- 
pany be reduced from 2,383,200/.,. being 74,475: shares 
$21. each, to 1,712,9251. divided into 74,475 shares of 231. 
each, by the extinction on each of the said 74,475 shares of 
paid-up heen’ to the extent of 9/., to the intent that the 
present liability of 31. per share on each of the said 74,473 
shares shall be preserved, notwithstanding such reduc-. 
tion.’’ 

Neath Tramways.—The proposed introduction of steam 
upon the Neath and district tramways was di on 

onday by the Neath corporation, A resolution that the 
council should approve of an application of the tramways 
company to the Board of Trade for the necessary powers 
was carried by the mayor’s casting vote, an amendment 
that the council should remain neutral for a twelvemonth 
during the trial of an engine, being lost. 
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THE ARSENALS OF ITALY. 

Tae Mémorial du Génie Maritime has published recently 
some interesting information upon the military arsenals of 
Italy, and of these articles an extended abstract has 
appeared in the Revue Maritime et Coloniale. We think 
the subject of sufficient value to justify us in referring to 
it in some detail, in the following order. 

I. Spezzia.—When the Piedmontese Government de- 
termined upon the establishment of a navy, it became ne- 
cessary to provide an arsenal, where construction and repairs 
could be carried on, under complete shelter from all hostile 
attacks. The Count Cavour decided to locate this arsenal 
at Spezzia, and the constructive work was immediately 
commenced. Operations were pushed on so rapidly that 
to.day, after an expenditure of about 50 millions of francs, 
the arsenal of Spezzia may be ranked among the most 
important of the maritime establishments. The accompany- 
ing diagram, Fig. 1, shows the plan as originally designed, 
and how far the work has been completed. But the illustra- 
t.on shows only that portion devoted to the arsenal itself. The 
State establishments include a much greater area, extending 
almost over the whole of the shores of the Gulf of Spezzia, 
and Count Cavour wishing to supplement, in case of war, 
the Government workshops, with the large private estab- 
lishments, caused to be built, among the earlier works, the 
San Bartolomeo ship construction works, with the 
intention of ceding it toa public company. The death of 
Cavour and the territorial aggrandisement of Italy, which 
brought to it the private works of Livourne, ot Naples, of 
Sorrenta, &c., prevented the carrying out of this project, 
and San Bartolomeo is now ceded to the War Department 
in connexion with the defence works undertaken on the 
other side of the harbour, and on the surrounding heizhts. 
These works are considerable ; the harbour itself is entirely 


protected from entry by a submarine dam, the construction of 
which is being actively pushed forward. This dam, laid 
between the points of Santa-Maria and Santa-Theresa, is 
157 ft. wide at the base and 38 ft. at the summit, its mean 
height is about 42 ft., and its surface level is 39 inches 
below low water. In the middle of this dam there will be 
placed an armour-clad fort, and there will be two ship 
entrances, that of Santa-Maria 650 ft. wide, and that of 
Santa-Theresa 1300 ft. in width. The island at the 
entrance to the harbour will be defended by a large fort 
now being built; it will contain three powder magazines 
belonging to the War and the Marine Departments. The 
arsenal, properly so-called, will be surrounded by a road, 
and on two sides by a wide fosee, but the enclosure works 
are finished only on two sides ; to the west large excavations 
are necessary, including considerable rock-cutting, to divert 
the high road, which connects the arsenal with the small 
artillery establishment of San-Vito. It is intended that there 
should be nine building slips, but two only are completed. 
Awaiting the completion of these, two small slips have been 
made for the construction of gunboats of the Staunch type 
A to the original plan, the arsenal should include 
ten basins, but four only are constructed, the depth of these 
being 32 ft. 9in. The two large ones are 448 ft. long and 
80 ft. 8 in. wide at the top, and 56 ft. 8 in. at the invert ; 
the two smaller ones are 360 ft. 9 in. long, and 72 ft. 9 in. 
and 55 ft. 9 in. wide. The basins are emptied by means of 
two turbines, driven by two 150-horse power engines, taken 
from some old gunboats. A small pump is also kept con- 
stantly at work to remove infiltrating water. Although 
these basins are founded on very bad ground, they have 
not cost more than 40,0004 each. Nearly all the reserve 
vessels, especially the armour-clads, are kept at Spezzia. 
The drawing, . 1, shows the original design for 
the arsenal, and the and figures upon it have the 


following reference: I. is the chief entrance; Il. is the 
surrounding canal; III. Land 
Vv. 


depét; I, I. Anchor and chain depéts; K. Coal depét ; 
L. Mole; M. Battery; N. Casernes; O. Prison. 1. Main 
entrance and offices; 2. Coppersmiths’ and construction 
offices ; 3. Boiler shops ; 4. Machine shops; 5. Framing and 
caulking shop; 6. Coal stores; 7. Carpenters’ and pattern 
shops, &c. 8. Steam saw mills ; 9. Wood store for cabinet- 
makers; 10. Painters’ shop; 11. Timber stores; 12. Hand 


Fig. 2 shows the arrangement of the arsenal as 
to-day. A. Wall surrounding arsenal; D. Fitting-out 
basin; E. Basin for construction and repairs ; F. Artillery 
basin; G. Repairing docks; H, H, I. Building slips; 
K. Chain and anchor depét; L. Mole; M. Battery; N. 
Caserne ; O. Hospital ; 1, 1. Offices ; 2. Naval bureau, 
rooms, &c.; 3, 3. Forges; 4, Locksmiths ; 5. Erecting shop ; 
































































































shops; 16. Inclined plane; 17. General stores; 18. 
Pamps; 19. Rope stores ; 20. Forges; 21. Steam hammer ; 
22. Pumps; 23. General shops; 24. Foundry; 25. 
Cisterns ; 26. Sails and fittings ; 27. Direction bureau ; 
28. Armament stores; 29. Salle d’Armes; 30. Artillery 
repairing shop; 31. Corps de garde; 32. Food stores; 
33. Artillery shops. 

The arsenal is connected by a railroad to the establishment 


- | of San-Bartolomeo, and a small locomotive has been finished 


for general service, though it has been little employed. The 
system of cranes and appliances for moving heavy loads is 


+] very imperfect. About 2000 workmen are employed, of 








whom 1700 are occupied on ship work. 


sawmill; 18. Ironwork shops; 14. Stores; 15. Masting | 

















6. Pumps; 7. Model room; 8. Carpenters; 9. Boiler shops ; 
10. Steam hammers; 11. Foundry; 12. Wood stores; 13. 
General stores ; 14. Fitting shop ; 15. Ground occupied by the 
contractors of the arsenal works; 16. Special stores ; 17. Boiler 
shop ; 18. General fittings; 19. Framing shop ; 20. Pumps; 
21. Caulking and painting shops; 22. Temporary shop 
for iron shipbuilding ; 23. Small building slips; 24. Mast- 
ing shears; 25. Military bureau; 26. Harbour and port 
bureau, sail stores, &c.; 27. Artillerists’ quarter; 28. 
Artillery shops and gun foundry ; 29. Gun-carriage shops 
and stores; 30. Shop and stores for torpedoes. 

The buildings are all of one story, the construc- 
tion offices, which contain the moulding and the large 
bureau for harbour manager, &c. The sheds lately con- 
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GRAIN ELEVATOR AT CANTON, MARYLAND, U.S.A. 
CONSTRUCTED FOR THE NORTHERN CENTRAL RAILROAD OF NEW JERSEY, BY MR. W. B. REANY, ENGINEER, PHILADELPHIA. 
(For Description, see next Page.) 
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structed near the building slip for the construction of iron | and special care must have been taken in making the founda- | divided into sections and placed near the different shops. 
ships are worth aetna rs their extreme simplicity and | tion had the hammers not been isolated. These hammers | The unwrought material department and the ships ue 
cheapness. It was necessary to place the steam hammers | are very small, the largest being only 8 tons. depéts are situated a long distance from Roe. 
in separate buildings, on account of the nature of the’| The depdts are very badly supplied, There exist as in.| they are-required. The timber rg ay ag mal 

ground; the vibration would have endangered the walls,| France a general and special depot; but these are not | ponds at San-Vito first prepared for them have con- 
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nected with the sea, and are used for artillery purposes. It 
appears that at first the wood was stored in the sheds of 
San-Bartolomeo, but it was attacked by the lymexilon, the 
destruction committed by which is well known. 

The establishment of San-Vito, placed near the entrance 
to the arsenal, is devoted exclusively to the artillery service, 
which is divided among the different arsenals of Italy as 
follows: muzzle-loading guns at Spezzia, carriages and 
projectiles at Naples, carriages and torpedoes at Venice. 
The Spezzia foundry was lately occupied in removing the 
steel hoops from old guns. To do this the gun was placed 
vertically in a pit into which cast iron was run, the steel 
rings expanded, and the gun into which a jet of cold water 
was thrown was then lifted. The cast iron outside the rings 
was then broken up. 

Besides the arsenal and the workshops of San-Vito, the 
establishment comprises » hospital and a caserne. The 
latter consists of a central building and of eight pavilions 
projecting from the southern front ; four only of these latter 
are finished, and at present the hospital can contain 250 
beds. ‘I'wo casernes are projected, but one only is completed. 

Il. Naprxs. Situated at the foot of the Roval Chateau, 
the arsenal of Naples remains the old establishment that 
existed in the time of the Bourbons. No change has been 
made in it, and enclosed in the middle of the city, extension, 
except with a large outlay, would be impossible. It con- 
tains neither tramroads nor cranes for loading and unload- 
ing ; the shops are crowded one upon the other, and the 
stores, placed all together and a long distance from the 
shopa, involve a constant and costly service of transport. The 
basins, too, are very narrow. The resources of the arsenal 
as a repairing station are limited to a basin 230 ft. long, 
arranged for vessels of an old type, and a slip in a ruinous 
condition. There is a 40-ton fixed crane for unshipping 
and shipping boilers, and a masting crane; and lately a 
small floating steam crane has been added for handling 
armour plates. The shops are old and narrow, but they are 
utilised to the utmost, and it is remarkable that so much 
important work is done with such limited means. The 
heaviest steam hammer is one of two tons; in the foundry 
only two tons at most can be cast at one time. The saw mill 
is insignificant and has no steam power. The plate and 
armour department is well provided with tools from the 
Compagnie des Forges et Chantiers. The dep6ts are almost 
empty, and half even of the small demand upon them cannot 
be supplied. There is no store of wood, and but little at 
Castellamare. The coal is stored in enormous cellars, which 
extend under the streets of the city as far as the hotel of 
the Préfet Maritime. 

About 1200 workmen are employed here, and they appear 
to be of superior class. The management of this place is 
infinitely superior to its arrangement. Fig. 3 is a diagram 
showing the general plan of the Naples arsenal. I. is the 
Palais Royal; A. Mariners’ caserne; B. Basin for unload- 
ing coals and provisions; C. Coal depdt; D. Equipment 
basin; E. New mole; F. Old mole; 1. Entrance; 2. 
Artillery park ; 8. Artillery workshop and stores; 4. Timber 
stores; 5, 6, 7. General and special stores; 8. Commis- 
sariat and arsenal bureaux; 9. Harbourmaster’s office ; 10. 
Slip; 11. Fitting, coppersmiths’, locksmiths’ shops ; 12. 
Foundry ; 13. Boiler and wood-working shop; 14. Armour- 
plate shop and depét; 15. Repairing dock. 

Ill. CasteLLaMars.—The establishment of Castellamare 
is dependent upon the arsenal of Naples. Besides possessing 
a large cordage plant, it is exclusively charged with new 
construction work ; the Principe-Amedeo, and several other 
large vessels, were launched from its slips, and at present 
one of the two great mastless ironclads and two wooden gun- 
boats are being built. This little arsenal is of very old date, 
but under the direction of Sané during the French occupa- 
tion, it was greatly improved and developed. 1t comprises 
large sheds for building iron vessels, tolerably well provided 
with tools, and a foundry and fitting shop on a small scale. 
The stocks of iron and of wood are extremely small. A 
process of preserving timber is carried on here as follows: 
The wood is placed in a reservoir, into which is admitted a 
mineral water charged with sulphur, and very abundant in 
the city ; after three or four months of immersion, the water 
is run off, and the reservoir is converted into adry depét, and 
over it a light roof is placed. In all one thousand work- 
men are employed, and’ the work done is stated to be ex- 
cellent. Together the establishments of Naples and Castel- 
lamare form an arsenal of considerable importance, but the 
capacity of which is restricted by their situation. 

IV. Ventce.—The arsenal of Venice is an interesting 
example of the gradual conversion of an old shipbuilding 
establishment into one adapted to present requirements. 
Workshops, slips, and basins are all fitted for modern 
vessels, but great enlargements will be necessary to enable 
vessels to go in and out; new canals will have to be made, 
and the entrances of the ports aud lagunes must be enlarged, 
the depth of the latter being less than 20 ft. 

It is proposed to spend eight to ten millions of francs on the 
arsenal of Venice, and the principal works projected or in 
course of construction are two large slips, one 360 ft. and 
the other 260 ft. long; and the forming of two basins 
similar to those at Spezzia. The small isletsin the middle 
of the basins will also be removed in order to facilitate the 
movements of vessels, and to give greater room. Pending 
these extensive alterations, one of the slips has been ex- 
tended for a wooden corvette. Work is not 
very active at this place, although about 1000 men are em- 
ployed, and the number of ships which enter is of course 


limited owing to the want of depth of water at the en- 
trances. 

Fig. 4 shows the arrangement of the Venice arsenal. The 
letters and figures of reference are as follows: I. I. Lagunes; 
II. Surrounding wall ; III. Construction basin; IV. Equip- 
ping basin; V. Canal communicating with the Grand 
Canal. A, B. Casernes; C. New basins; D. Mole. 1. 
Principal entrance; 2. Bureaux; 3. Museum; 4. General 
depét; 5. Naval constructor’s office; 6. Office of director of 
port; 7. Workshop and stores; 8, 12, 17,19. Old building 
slips ; 9. Depét for barges and lighters; 10. Masting slip; 
11. Two large slips in course of construction; 18. Small 
slip; 14. Timber sheds; 15. Masting machines; 16. 
Entrance; 18. Iron shipbuilding shed; 20, 27. Stores ; 
21, 22. Artillery bureau ; 23. Torpedo stores; 24. Salles 
d’Armes ; 25. New fitting shop; 26. New forges; 28. Old 
ropewalk. 








THE CANTON ELEVATOR. 
(Continued from page 486.) 

THE engines arelocated above the grain bins at the land 
end of the building. They are horizontal, with two 
cylinders 16 in. in diameter and 24 in. stroke. The 
motion of line shafts is reversed by being made to go in 
opposite directions by wood and iron gearing, as shown 
on the drawing. The boiler-house, of iron and masonry, 
is principally under the pier, about 60 ft. from elevator. 
The boilers are unusually heavy and are worked up to 
100 lb. per square inch. The water for supplying the 
whole establishment is furnished by an artesian well 
190 ft. deep. The steam shovels are located about 12 ft. 
above the track floor, but are not shown on the drawings. 
A piece of 4 in. gas pipe, supported by bearings, extends 
through the centres of all elevator tubes in each line, and 
receives from the main engines a horizontal movement of 
12 ft. and about 14 double strokes per minute. To this gas 
pipe, at each elevating tube, two large scoops or shovels 
are attached by ropes passing through leaders properly 
arranged. By means of these the cars are quickly un- 
loaded. All of the elevating tubes in each line are con- 
nected with each other and the main gallows frame by 
two 8 in. deck beams heavily braced and stiffened by 
angle irons. These beams form seats for the journal box 
pedestals for shafting, and by securing all of the tubes 
together they are made independent with the shafting from 
the action of the building. All of the shafting is of the very 
best material and workmanship. It increases in diameter 
from the end elevator to the main driving pulley. 

All journal boxes are of the adjustable ball and socket 
type, and the couplings of Cresson’s patent. The centre 
line of shafting passes through the centre of elevating 
tubes, and at each tube it has a paper friction pulley, 
1 ft. 6 in. in diameter, built up of discs of best quality of 
“Manilla” paper, under a pressure of 60 tons, and 
secured by heavy followers and bolts. Above each paper 
friction pulley is one of cast iron, double armed, very 
heavy, 3ft.9 in. in diameter, and 22in. face; it has ad- 
justing machinery attached to its short shaft. In the 
boot at the base of the elevator is adrum pulley 2 ft. 6 in. 
in diameter, 22 in. face, fitted with stretching gear for 
the belt, and worked from the track floor. 

The grain belt is of rubber, 4-ply 20 in. wide, and 
connects these two last-mentioned pulleys, and is kept 
tight by the stretching gear just mentioned. 

The grain buckets, of heavy tin, are spaced 12 in. from 
centre to centre, and secured to the belt by six bolts in 
each bucket. They measure 18 in. long, 54 in. deep, 
64 in. wide. The shafting being in motion the upper 
belt pulley is lowered, and rests upon the paper friction 
pulley, thus causing the elevating belt to travel at about 
450 ft. per minute. In front of each elevator tube are 
placed two sets of Fairbank’s scales, each fitted with an 
iron tank, having cylindrical body, conical top and bottom, 
with capacity for 540 bushels of wheat, shoot spout and 
valve fitted to the bottom of weighing tank. Under each 
pair of tanks is a conical collecting hopper having a crane 
spout leading from it to the storage bins, shifting conveyor, 
or shipping spouts, asdesired. The cleaning machinery is 
different from that shown upon the drawing, and will be 
explained presently. Two shifting conveyors are located, 
as shown in section, above the grain bins, and extend the 
whole length of the building. They consist of 4-ply rubber 
belts, 30 in. wide, supported by wooden rollers, spaced 5 ft. 
apart under the loaded, and 10 ft. apart under the un- 
loaded belt. They are driven by bevel friction gear of 
paper, and are reversible. They move at a speed of 
550 ft. per minute, and are arranged to throw off the 
grain wherever desired. The belt is perfectly flat, has no 
raised edges, and does not spill any grain when working 
under a capacity of 9000 bushels per hour. The arrange- 
ment of crane spouts is fully explained by the drawings. 

The working of each line of elevators is as follows: 
Four cars of grain having been passed by the inspector 
are pushed in upon one track, until stopped by the 
bumper at the end, which will leave the doors nearly op- 
posite the elevators. The car doors having been opened, two 
attendants enter each car with the wooden shovels (before 
mentioned in describing the steam shovels) with which they 
quickly discharge the grain into the receiving hopper. The 
ropes which work the scoops are attached so as to work 
alternately, this causing a continuous flow of grain 
through the door of the car, so long as any remains or 





the gas-pipe plunger is kept in motion. At the begin- 





ning of this operation the grain valve in the boot should 
be opened, so as to allow the grain to flow from the re- 
ceiving wai tr into the ascending belt buckets (all of the 
machinery being in operation) just fast enough to fill 
them. 

The grain is discharged from the head of the elevator 
into one of the weighing tanks where the whole car load 
is collected, weighed, and distributed. While this opera- 
tion is in progress four cars are pushed in on the other 
side of the same elevators, and discharged in the same 
manner, as soon as the valve at elevator head is shifted 
to the other weighing tank, which is done after all of 
the first lot is raised. The first line of empty cars is now 
drawn out and full ones take their places, and this opera- 
tion is repeated as rapidly as circumstances will allow. 

The weighing tank having been filled the grain is 
weighed and discharged through the valve into the col- 
lecting hopper and crane spout, to where it may be re- 
quired. The crane spout is made of sufficient size to de- 
liver the grain much faster than the elevator can lift, so 
that one weighing tank may always be ready to receive 
grain. The crane spout can deliver the grain into each 
of many storage bins, shipping bins, shipping spouts, or 
shifting conveyors as may be desired or found necessary. 
Should all the elevators be working one kind or lot of 
grain to be stored in one part of the house, the crane 
spouts which can reach those bins may be used, and the 
balance of the grain be discharged upon the shifting 
conveyors, and by them placed in the bins. Similar use 
is often made of shipping conveyors when working the 
whole house upon one vessel, or a single elevator upon 
a large vessel which cannot be moved, the elevator being 
a long distance from the spout leading to vessel. 

Should a vessel be nearly ready for grain or be 
taking bagged grain, it is run into the shipping bins, 
and from them drawn off as required. When the 
grain in the house or storage bins is to be shipped, 
spouts are attached to the bottom of bins, and the grain 
discharged into the receiving hopper in a continuous 
stream, elevated as before described, weighed at the top 
of the house, and discharged through crane and shipping 
spouts into the ship. 

When grain is ordered for clean delivery it is elevated 
in the regular way, weighed and discharged into the foot 
of the cleaning elevator, by which it is lifted to the top 
of the house and delivered into a feeder. 

From the feeder it flows on to a screen made of per- 
forated Russia iron, measuring 8 ft. wide by 12 ft. long, 
and is set at an angle of 25 deg. from horizontal; it 
is driven at a speed of 1100 vibrations per minute. As 
the grain falls upon it the cobs, sticks, straws, &c., are 
carried over the end ; the grain passes through and down 
an inclined plane to a wind spout 8ft. by 1 ft., where it 
is met by a strong current of air. The unsound grain, 
dirt, and chaff are carried off, and the cleaned grain falls 
into a chamber, and is carried where desired by an iron 
pipe. The unsound grain is deposited in the dirt room, 
and the chaff and light dirt thrown into the water. 

The current of air is produced by a large exhaust fan. 
As only about 10 per cent. of the grain goes through the 
cleaner, it is claimed that this system of “ cleaning” 
elevators for lifting the grain to be cleaned is a great 
improvement upon the custom of building the house high 
enough for the cleaner, and raising all of the grain to 
that height, whether it has to be cleanedor not. A saving 
of 10 per cent. in fuel is claimed by this arrangement. 

Each of these machines will draw grain from four 
main elevators, and clean 8000 bushels per hour. 

Corn screens for the shipping spouts are to be fitted as 
the business requires : 

bushels. 


The total sto capacity of this 
io _— 500,000 


building is we we ove ws 
The total elevating capacity per hour is 32,000 

The elevating capacity is kept much below these 
figures by the impossibility of handling cars fast enough. 
The size of the grain bins depends upon the nature of 
the business, location, rules of produce, exchanges, 
and systems of grading. Small ones in larger numbers 
are the most convenient, as many prefer their in 
separate, with heating grain they save loss, and where 
there is no grading of grain they are necessary. 

(To be continued.) 


PULLMAN’s Cars.—Captain Tyler, in the course of his 
report to the Board of Trade on the accident that occurred 
on the Midland Railway, November 22, to the Scotch ex- 
press from London, near the Sheffield station, alluding to 
the Pullman car, remarks: ‘‘ The engine driver and fire- 
man plainly felt the rails and chairs giving way under the 
engine; and it was the damage thus occasioned to the 
permanent way during the passage of the engine, tender, 
and@ leading vehicles, which caused the gauge between the 
rails to be widened out or spread sufficiently to admit of 
the near wheels of the | truck of the Pullman car 
‘ Australia’ dropping inside the near rails. The weight 
on the six wheels of the engine having been 38 tons 8 cwt. 
3 qrs., spread over a wheel base of 16 ft. 6in., and the 
weight on the eight wheels of the car saving been 
21 tons 9 cwt. 1 qr., spread over a much longer wheel base, 
it is obvious that the strains produced on the permanent 
io lpm ng ey ee ee ee 

] 7, i Qn the other hand, the employment of 
vehicles tends materially, in proportion 
to their strength, to diminish the danger, when accidents 
occur, to passengers riding in them.”’ 
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GENERAL PLAN, SHOWING ARRANGEMENT OF BINS. 
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GRAIN ELEVATOR AT CANTON, MARYLAND, U.S.A. 


CONSTRUCTED FOR THE NORTHERN CENTRAL RAILWAY OF NEW JERSEY, BY MR. W. B. REANY, ENGINEER, PHILADELPHIA. 
(For Description, see Page 524.) 


Fig,7 


















































—— ee 











GENERAL PLAN OF FOUNDATIONS. 



































Dec. 22, 1876.] 


ENGINEERING. 


525 





” 
AGENTS FOR ‘“ ENGINEERING. 

MANCHESTER: John Heywood, 143, Deansgate. 
GLAsGow: William Love, . 
FRANcs: Lemoine, 15, Quai Malaquais, Paris. 
BELGgruM: P. Bailly, 37, Bue des Fripiers, Brussels, 

Kirkland and Cope, Ostend. 
UNITED STATES: 

Miller and Smith, 43, Exchange-place, New York. 
Vianna: Lehmann and Wenzel, Karntnerstrasse. 

Gerold and Co. 
Russia: At all Post-Officesin the Empire. ad 
Lerpzie: Alphons Darr. : 
BERLIN: Messrs. A. Asher and Oo., 5, Unter den Linden. 
OaLouTtTa;: G. 0. Hay and Oo, 
EDINBURGH: John Menzies and Co., 12, Hanover-street. 








Advertisements cannot be received for insertion in the current 
week later than 5 P.M. on Thursday. The charge for advertise- 
ments is three shillings for the first four lines or under, and eight- 
— for each additional line. The line averages eight words. 

ayment must accompany all orders for single advertisements, 
otherwise their insertion cannot be guaranteed. Terms for 
displayed advertisements on the wrapper and on the inside pages 
may be obtained on application. 

The price of ENGINEERING to annual subscribers in the 
United Kingdom receiving copies by post is 12. 9s, 2d. per annum, 
this including two double numbers. If credit be taken, the 
charge is 2s, 6d. extra, the subscriptions being payable in 


advance. 
FOREIGN SUBSCRIPTIONS, 
The rates for subscriptions to ENGINEERING from abroad are: 

1J. 15s. 8d, For Australia (via Southampton), Austria, Belgium, 
Brazil, Canada, China, (via Southampton), Denmark, 
Egypt (via Brindisi), France, Germany, Greece, India 
(via Southampton), Italy, Netherlands, Na New 
Zealand (via Southampton), Norway, Portugal, Russia 
Spain, Sweden, Switzerland, and United States of 


America. 
21. 4s.4d. For Australia (via Brindisi), China (via Brindisi), 
India (via Brindisi), and New Zealand (via Brindisi). 
All accounts are payable to the publisher, Mr. CHARLES GIL- 
BERT, 37, Bedford-street. Cheques crossed “Union Bank,” 
Charing Cross Branch. Post Office Orders to be made payable 
at King-street, Covent Garden, W.O. 
Office for Publication and Advertisements, No, 87, Bedford- 
street, Strand, W.O. 


ENGINEERING is registered for transmission abroad, __ 
READING OASES.—Reading Oases for oes twenty-six 
or of any 


Numbers of ENGINEERING, may be had of the pub 
newsagent. Price 6s. each, 








NOTICE TO AMERICAN SUBSORIBERS. 

We beg to announce that we have appointed Messrs. Miller and 
Smith, 43, Exchange Place, New York, the sole agents for 
ENGINEERING in the United States, and all subscriptions for the 
United States will in future be payable to them. essrs. Miller 
and Smith are also prepared to receive advertisements for 
ENGINEERING, and will afford full information as to terms, 
on application. 


ENGINEERING. 


FRIDAY, DECEMBER 22, 1876. 














TESTING STEAM ENGINES. 

WE have frequently had occasion to refer in this 
journal to a system of testing steam engines devised 
y Mr. B. W. Farey and Mr. B, Donkin, Jun., and to 
commend it as one which, from the trustworthy 
nature of the information it affords, is worthy of 
general adoption. The system, as our readers well 
know, consists in ascertaining the quantity of water 
discharged from the condenser, by allowing this 
water to flow over a tumbling bay, noting at the 
same time the rise of temperature which the water 
has undergone. in the condenser, and calculating 
from these data the quantity of heat thrown away 
per minute by the engine under trial, This quantity 
divided by the indicated power developed gives a 
certain figure of merit or “ constant” by which the 
performance of the engine may be judged; the lower 
this constant the smaller the quantity of heat thrown 
away, and the more economical, therefore, the en- 
gine. We may say here that we did not commend 
this mode of testing engines to our readers until we 
had carefully examined into its merits, Through 
the courtesy of Messrs. B. Donkin and Co. we had 
the opportunity afforded us of doing this very fully, 
and at their works we were enabled not only to see 
the system in operation, but to examine into the 
arrangements which Mr. Farey and Mr. B. Donkin, 
Jun., have employed to ascertain and verify the co- 
efficient used by them to calculate the discharge over 
the tumbling bays. Moreover, we have since been 
present at experiments made to test this coefficient 
(a description of one of these experiments appeared 
on page 204 of our Jast volume), while we have our. 
selves had practical experience in the ing out 
of engine trials on Messrs. Farey and Donkin’s 
system, the results of our investigations and ex- 
perience being to fully convince us of the trust- 





worthiness of that system and its general convenience. 
It is under these circumstances that we have urged 
the advisability of its employment, and this being so 
it is impossible for us to pass without notice two 
leading articles which have lately appeared in our 
pyres ae | The Engineer, and in which the system 
is condemned as practically worthless. 

. The two articles in question, which appeared in 
the numbers of our contemporary for the 24th ult. 
and 8th inst, respectively, are both entitled ‘‘ Test- 
ing Steam Engines,” and in the first of them, the 
writer, after admitting that the Farey and Donkin 
system of testing can be readily employed if the 
proper appliances are once fitted up, goes on to say: 
‘Its defects are that it debits the engine with much 
‘‘ of the heat carried over in the priming water ; that 
‘it takes no account of the quality of the steam 
‘‘ used ; that it requires highly trained experimenters 
‘“‘to estimate the quantity of water passing over the 
‘*‘ measuring notch ; and that when every precaution 
‘‘ has been used, an error amounting to as much as 
‘‘ one-seventh of the whole weight of the condensing 
‘‘ water may creep in—which means that an engine 
‘‘ may be said to be using 26 lb. of steam per horse 
‘‘ power, when it is really using but 22.31b.” Now 
these are grave charges, and some of them, even if 
they could be but partially substantiated, would 
render the system of testing we have advocated 
quite unworthy of adoption. We think, however, that 
we can clearly show that these charges arise from an 
ignorance of the real facts of the case, and that they 
are quite untenable. We propose to deal with them 
in the order in which they are stated by our con- 
temporary. 

First, then, as to the allegation that the system 
‘‘ debits the engine with much of the heat carried 
“over in the priming water.” In proof of this 
assertion the writer in our contemporary gives a 
calculation referring to an engine expanding steam 
to a final pressure of 10 1b, absolute, and using 
570 lb. of condensing water per horse power per 


hour, this water being raised in temperature from | as 


60 deg. to 100 deg. The quantity of condensing 
water here stated appears from the context to be 
that injected into—and not that discharged from 
—the condenser, this latter quantity being of 
course augmented by the quantity of steam con- 
densed. First assuming that the steam used is 
dry, the writer in our contemporary makes his 
calculations as follows: ‘‘Then each pound of this 
‘¢ steam exhausted into the condenser will carry with 
‘¢ it 1820 thermal units, all which it would resign on 
‘¢ being converted into ice. If we assume the tempe- 
‘¢ rature of the water in the hot well to be 100 deg., 
‘¢ then the steam cannot give up the 180 deg. which 
‘¢ are required to keep it, after condensation, in the 
‘‘ condition of water, and we have available 1140 
‘‘ units only. If the water entered the condenser 
* at 60 deg. and left it at 100 deg., then each pound 
‘¢ would absorb forty thermal units in the act of 
‘¢ condensing the steam, and, dividing 1140 deg. by 
“« 40 deg., we have 28.5 lb. as the weight of con- 
‘¢ densing water raised from 60 deg. to 100 deg. by 
‘¢ each pound of steam passed through the engine. 
‘+ If, now, we find by measurement that 570 lb. of 
*‘ condensing water are required per horse per hour, 
‘‘ we then know that the engine is using 20 lb, of 
‘ steam in the same period.” 

Here we have a nice collection of blunders to com- 
mence with. We fancy that the assertion that each 
pound of steam at 10 1b. pressure (absolute) will 
carry into the condenser 1320 thermal units, ‘all 
of which it would resign on being converted into 
ice,” will puzzle many of our readers, as it certainly 
puzzled us when we first read it. The total heat of 
steam at 10 lb pressure, measured from the Fahren- 
heit zero is 1172.89 deg., and a pound of it, if re- 
duced to water at a temperature of 32 deg., would 
thus give up 1172.85—32=1140.89 thermal units, 
But the generally accepted value for the latent heat 
of fusion of ice is 142 deg., and thus to convert the 
pound of steam at 10 lb. pressure into ice, there 
would have to be abstracted 1140.89 +142—1282.89 
thermal units, and not 1320 as our contemporary 
asserts, But as a matter of fact the quantity of 
heat which the steam would give up if converted 
into ice has nothing whatever to do with the question 
at issue, The only fact with which we have to deal 
is that each pound of the steam at 10 Ib, pressure 
would in being condensed into water at a tempera- 
ture of 100 deg. give up 1172.89—100=1072.89, 
or, say, 1073 thermal units, and not 1140 units as 
The Engineer has mysteriously calculated. We here 
find that this stickler after minute accuracy has made 
an error of about 6 per cent, to commence with, 


‘| heat converted into work is assumed by 





Of course this affects his subsequent figures, and the 
570 Ib, of condensing water instead of condensing 
20 Ib. of steam as he calculates will, under the con- 


ditions named, really condense Oe = 21.95 Ib. 


The quantity of steam condensed to supply the 
the writer 
in our contemporary to be from 2 Ib. to 2} lb. and 
he thus makes the total steam used to be from 22 lb. 
to 224 lb, per indicated horse power perhour. Cal- 
culating from his own data we have shown this to 
be 1}1b. too low, the quantity being 23}1b. or 
23} lb. according to whether 2 Ib. or 24 1b. be allowed 
for the conversion of heat into work. 
_ The writer in The Engineer next takes the case 
in which steam used by the engine is mixed with a 
certain quantity of priming water, and he makes his 
calculations as follows: ‘ Let us suppose as before 


“* that the terminal pressure is 10 lb. absolute. ‘The _ 


‘temperature corresponding to this is 194 deg. ; 
‘* consequently, each pound of priming water can 
‘* abandon 94 deg., or, in other words, it will raise 
‘* 2,35 lb. of condensing water from 60 deg. to 100 
“deg. Referring to the case previously stated, let 
‘us assume that 2 lb. of priming water per horse 
‘* per hour pass through the cylinder. The quanity 
‘* of condensing water required will then be, not 
‘* 570 lb. per horse per hour, but 574.7 1b. ; and the 
‘* apparent consumption of steam by the engine will 
* be, not 201b., but 2041b, nearly. It may be said 
‘‘ that such an error as this is inappreciable; but 
‘* small errors acquire great importance when they 
‘* appear under a system of experimenting which 
‘* professedly gives results perfectly accurate.” 
Here we have more blunders, and very stupid ones. 
Passing over the minor error of giving the tempera- 
ture of 10 1b. steam as 194 deg. instead of 193.3 deg. 
we have the fact that the use of 574.7 lb. of con- 
densing water under the conditions assumed might 
lead to the consumption of steam being calculated 


oar =21.424, and not 904 Ib. as stated. 
Now the error here introduced by the large 
amount of priming assumed amounts, even on 
The Engineer's showing, to but about four-fifths 
of 1 per cent., but in reality it is even much 
less than this. We see from Zhe Engineer's 
calculations that 2 lb. of priming water are debited 
to the engine as the equivalent of 4 lb. of steam, 
each pound of priming water having thus a value 
given to it equal to one-twelfth of its weight of 
steam. But if we suppose the initial pressure in the 
cylinder to be 75 lb. absolute, the temperature of 
this priming water on being received from the boiler 
would be 307.5 deg., and in being reduced to 
193.3 deg., each pound must, therefore, have given 
up 114.2 thermal units, This heat would prob- 
ably be in a great part devoted to the evaporation 
of a bagi of the priming water, and its action 
would be such that by the time the final pressure 
was reached 0.117 lb. of water would be s0 
evaporated. We have thus placed at the dis- 
posal of the engine rather more than } lb. of water 
evaporated during the period of expansion instead 
of 4 lb. at the initial pressure which was debited 
to the engine according to The Engineer's calcula- 
tions, the error here introduced being but a very small 
fraction of 1 per cent. Weare quite ready to admit 
that in an engine working with a less ag of ex- 
pansion the effect of priming would be less closely 
compensated for, but in any case, so long as the 
amount of priming did not exceed that ordinarily 
met with in practice, the error introduced by it 
would be exceedingly minute, far smaller indeed 
than that which is introduced by the action of the 
indicator. 

The next charge is that the system ‘takes no 
‘account of the quality of the steam used.” ‘This 
has already been disproved by what we have already 
said concerning priming, the fact being that when 
priming occurs this is allowed for very approximately 
so long as the engine is working with a fair degree of 
expansion, while if the expansion is small the error 
introduced is still unimportant, We may add that 
in the case of a trial carried out to prove whether 
an engine was fulfilling a guarantee, no one who 
knew his business would allow steam which con- 
tained 10 per cent. of priming water to ; into 
the engine. Where so large a proportion of priming 
exists it is easily discovered and can to a great ex- 
tent be got rid of by suitable arrangements, 

But while speaking on this point let us see what 
our contemporary sets forth as the proper way of 
proceeding to secure accuraté information regard 
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ing the quality of the steam. On this point, in The 
Engineer of the 24th ult., the writer says : 

‘+ It is expedient, therefore, in all cases to deter- 
‘¢ mine precisely how much water is contained in the 
«¢ steam by tapping the main steam pipe close to the 
“ engine and providing a hose, through which given 
‘* weights of steam can be delivered into a tub of 
“« cold water supported on a platform weighing ma- 
“ chine, As we have ly supplied full details 
‘* of the method of working on this system in our 
“ impression for May 12th, 1876, we need not enter 
“‘ here into further explanations. Suffice it to say 
‘“‘ that in this way it is possible to determine in the 
‘+ most satisfactory manner, and with the greatest 
“* precision, the weights of steam and water used by 
‘‘any engine in developing one indicated horse- 
‘‘ power, All the arrangements are exceedingly 
“simple and easily carried out; they involve no 
‘¢ complex calculations, and appear to meet every 
‘* requirement,” 

Further, in the number of the 8th inst., he adds 
that the mode of estimating priming above referred 
to ‘has been known and used in the United States 
‘** for some time; but we believe that it was never 
‘tried in this country until last May, when we 
‘¢ used it in testing at Birmingham the performance 
“* of a Roots boiler.” Now we cannot but regard 
it as singular that a writer who presumes to so con- 
fidentally condemn Messrs, Farey and Donkin’s 
system of testing on the score that it is ‘‘ too com- 
‘* plex and difficult of application to be universally 
‘‘serviceable” and because “it requires highly- 
‘‘ trained experimenters” to carry it out, should 
almost at the same time so strongly recommend the 
mode of estimating priming water above referred to. 
The only explanation we can imagine is that he is 
utterly ignorant of the delicacy of the mode of 
operating he so commends. Judging from the last 

uotation we have given he appears to believe that 
this mode of estimating priming water is of Ame- 
rican origin and that the merit of introducing it 
here is due to himself, whereas it was well known 
in this country very many years ago, and it is in 
fact upwards of eight years since we published the 
result of a boiler trial carried out here in which this 
mode of estimating the priming was adopted. That 
it has not been extensively used is due to the fact 
that —— extreme care “+ mg wy gnc of 
special a tus it is impossi e to obtain anythin 
Sis pguucaie aenite. We do not know with whow 
this mode of testing the quality of steam originated, 
but the credit of having developed its practical 
application undoubtedly idee to M. Hirn, who 
has devised special apparatus which enables it to 
be applied with tolerable ease. 

We have had the curiosity to refer to The Engi- 
neer Of May 12th last, to see the way in which the 
writer in our contemporary himself carries out the 
estimation of priming water, and we have been 
greatly amused with the result. We there find 
that this precise individual who objects to a system 
which may give an error of a fraction of one per cent. 
in the resulta of an engine trial, proceeded as follows : 
A bucket containing 30 lb, of water was placed on 
the oe of a weighing machine and steam was 
discharged into the water through an india-rubber 
hose until, by the condensation of this steam, the 
weight of the contents of the bucket had been in- 
creased 21b. The flow of steam was then stopped, 
and from the rise in temperature which the water 
had undergone the quantity of priming water in 
the steam was calculated.* An example is given in 
which, by blowing in 2 lb. of steam at 71 lb. 

ressure (absolute) the temperature of the water 
in the bucket was raised from 58 deg. to 128 deg., 
and from this it is calculated that of the 2 lb. of 
steam blown in 1.93 lb. were dry steam and 0.07 lb. 
water, or, in other words, that there was priming 
to the extent of 3} per cent. Now very little in- 
vestigation is required to show that an error of but 
1 deg. in the determination of the final temperature 
of the heated water would have modified this deduc- 
tion fully 60 per cent., and yet we find that no 
allowance was made for the heating of the bucket as 
well as the water, nor for the loss of heat by radia- 
tion, &c,, during the time the steam was blown in ! 
Under the circumstances it would be folly to sup- 
pose that the estimation of the priming water was 
within 50 per cent. of being correct. e may also 
t out that an error of half an ounce in the 
etermination of the weight of the steam blown in 
—or less than one-thousandth of the weight of 
* Our readers will find some i of this mode of 





the bucket and its contents— would modify the 
results by more than 60 per cent., and yet the 
weighing was performed on a — weigh- 
ing ine! How in the face of these facts the 
writer in The Engineer can inform his readers 
*‘ that in this way it is possible to determine in the 
‘* most satisfactory manner, and with the greatest 
“ precision, the weights of steam and water,” we 
utterly fail to understand. 

To return, bowever, to our contemporary’s ob- 
jections to Messrs. Farey and Donkin’s system of 
testing. The next charge which he makes against 
it is ‘* that it requires highly-trained experimenters 
‘* to estimate the quantity of water passing over the 
‘* measuring notch.” Now we do not know the pre- 
cise value which the writer in our contemporary 
attaches to the word “highly,” but if he means that 
for gauging the discharge of water over a tumbling 
bay there is required a higher degree of skill and 
intelligence than is required for carrying out the 
other details of an engine trial, he is simply utterly 
wrong. We may repeat here what we have fre- 
quently stated, namely, that it is not every engineer 
who is naps to carry out an engine trial pro- 
perly. To conduct such a trial with accuracy and 
success requires certain habits of exactitude and 
careful observation combined with experience in 
similar work. Without such experience hitches are 
almost sure to arise, while points of importance are 
apt to escape notice. We have no faith in trials 
made under inexperienced guidance, and we know 
of many instances where the publication of the 
results of such trials has done much harm by lead- 
ing to the formation of erroneous theories. As re- 
gards the view taken by our contemporary, we have 
no wish to deny that in the hands of a man who 
would attempt to determine the quality of steam by 
blowing it into a bucket of water placed on the 

latform of a weighing machine, Messrs. Farey and 
Donkin's system of testing might prove an utter 
failure, but given the skill and experience which we 
hold necessary to the proper carrying out of a// 
experiments on steam machinery, the system presents 
no difficulties, while it affords results of the most 
trustworthy character. 

We now come to the final—and in some respects 
most sweeping — objection, namely, ‘that when 
“ every precaution has been , an error amount- 
‘‘ ing to as much as one-seventh of the condensing 
‘* water may creep in—which means that an engine 
‘* may be said to Ee using 26 1b. of steam per hour, 
‘¢ when it was really using but 22.31b.” Now this 
statement and the deduction from it are both, to say 
the least of it, singular; for the writer not only 
assumes that the coefficient proper to a certain set 
of conditions may vary by one-seventh, but also 
that if this was the case the highest value would at 
once be assumed in making any calculation about an 
engine trial, Most engineers we apprehend, if sup- 
plied with coefficients varying by one-seventh for a 
particular discharge, and without information to 
guide them as to which was the most trustworthy, 
would take the mean value, and the ible error 
would thus be reduced to one-fourteenth instead of 
The Engineer's one-seventh. In reality, however, 
there is no such range of coefficients as the writer 
in our contemporary supposes, the laws which 
govern the discharge of water from a notch being, 
of course, as rigidly fixed as any other natural laws, 
and it only being necessary to determine by accurate 
experiment what these laws are. The remarks of 
the writer in our contemporary on this subject are 
of a very singular kind, and after reading them we 
are irresistibly led to the conclusion that notwith- 
standing he presumes to condemn Messrs, Farey and 
Donkin’s system so strongly, he is either very 
ignorant of the subject of which he writes, or else 

t in dealing with it heis grossly careless as to the 
nature of the facts before him. Regarding coefficients 
he says: ‘* We have the broad fact that no two 
“authorities agree as to the coefficient of discharge. 
** For example, if we turn to Neville’s tables, we find 
‘* that for notches ] ft. in length, and for depths 
‘‘ of 0.25 in. to 10 in., the coefficients vary between 
0.606 and 0.518; that is to say, a notch 12 in. 
‘* wide with a head of 1 in., may deliver the follow- 
‘* ing quantities of water in cubic feet per minute : 
“ 4.68, 4.595, 4510, 4340, 4170, or 4.00. It is 
‘* thus possible that on even so small a scale as this 
‘an estimate of the quantity of condensing water 
‘‘used per hour may be wrong, by as much as 40 
““cubic feet, or, say, 2500 lb. per hour out of a 
“ possible 17,500 lb. That is to say, an error of 





. e particulars 
testing, with the formula to be employed, on page 21 of our 
volume. 





‘* nearly one-seventh may creepin, The coefficients 
‘* given above are, however, by no means the only 


‘ones in use. Thus, Brindley and Smeaton give 
“ 657, Du Buat .627, and Simpson and Blackwell, 
“ ye for notches having a length ten times the 
“cs ept 7 

Now if the writer in The Engineer had taken the 
trouble to make himself acquainted with the cha- 
racter of the experiments from which the coefficients 
above quoted were derived, he would have found 
that many of them were totally inapplicable to the 
tumbling bays used by Messrs, Farey and Donkin. 
Some were made with overflows the full width of 
the channels of supply, some with heads of water 
forming but a very small fraction of the width of 
overflow, and some under circumstances which 
would justify us in accepting the results with much 
hesitation ; but the writer in our contemporary takes 
no cognisance of these facts, but bundles the whole of 
the coefficients together as if they were all applicable 
to each and every case, and then exclaims that be- 
cause of the divergence he points out, this system of 
measuring water must be untrustworthy. These, 
however, are not his only misconceptions or perver- 
sions of the facts of the case, as we see pre- 
sently. 

Luckily for those interested in trustworthy in- 
formation concerning steam engine performance, 
Messrs. Farey and Donkin approached the subject 
in a different spirit. When they first desired to use 
tumbling bays for measuring the discharge from a 
condenser, they found that comparatively few ex- 
periments were on record bearing directly on the 
proportions of notches which they desired to employ, 
and that these experiments were not in all cases so 
consistent amongst themselves as to warrant reliance 
being placed upon them. Under these circumstances 
they wisely resolved to investigate the subject 
thoroughly for themselves, and they fitted up mea- 
suring tanks and other appliances which enabled them 
to carry out the necessary experiments with great 
accuracy, Their researches, carried on at intervals 
during a number of years, are probably the most ex- 
tensive and trustworthy of the kind ever carried 
out, and they embraced investigations not only of the 
discharge through rectangular notches, but also 
through rectangular and circular orifices, &c. As a 
result of their investigations they came finally to 
the conclusion that for the purpose they had in view 
the measurement of the discharge by means of a 
tumbling bay with a rectangular notch was 
that which possessed the greatest advantages. 
More than this they found that with the measuring 
boxes made as they now use them—that is with the 
notch about one-fourth the width of the box or less 
—the coefficient of discharge was 0.62, and remained 
constant at that value for all variations of depth 
which it was necessary to use in practice. Our space 
will not permit us to enter here into an account of 
the leading experiments which have from time to 
time been made on the discharge from rectangular 
notches, or we could show that the coefficient just 
= is one which is verified by the researches of 

*Aubuisson, Castel, Francis, and others. 

The labours of Messrs, Farey and Donkin, how- 
ever, did not end with the determination of the 
proper coefficient to be employed; they were de- 
sirous of so simplifying the measurement of the head 
of water over the notch, that this measurement 
could be made by any one exercising proper care. 
In their earlier experiments they employed for this 
purpose the well-known hook gauge, an appliance 
which gives very accurate results, but which requires 
some practice to use it a. Then they devised 
various arrangements of point gauges, but ultimately 
they found that on the whole nothing was more 
satisfactory than a properly arranged float, having 
an index point moving against a proper scale. Of 
the construction and arrangement of this float, of the 
mode of adjusting the scale, and of the precautions 
to be observed in using it, we gave full particulars 
on page 98 of our nineteenth volume. 

o return, however, to Te Engineer's statements. 
In his article of the 8th inst, we find the writer in 
our contemporary saying: ‘“‘The notch is usually 
‘* made in a thin copper plate, and is precisely 12 in. 
long, the head over the notch being measured 
‘* with a delicate float, Now, any one who has ex- 
** perience in measuring the delivery of water knows 
‘* that not one man in fifty can make observations 
“‘ with the requisite accuracy; and when we add 
“* that the precise position of the float with regard to 
“ the notch-board must be fixed to a hair’s breadth, 
‘“we have said enough, we think, to justify our 
“* assertion that it is only in the hands of a highly- 
“ trained imenter that anything like accurate 
“results can be obtained... . It remains with 
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‘*Mr. Farey to explain how he has succeeded 
“in obtaining minute accuracy in his gauging 
‘+ operations, how he fixes the position of the float 
“so that it shall measure the head of water 
‘“ precisely over the notch-board, and not a minute 
4 fraction of an inch too much to the front or too 
‘‘ far to the back, errors which would materially 
‘“‘ alter the apparent depth of the overflow; and, 
‘¢ lastly, what and whose coefficient of discharge he 
‘¢ uses.” Here we have some extraordinary mis- 
conceptions or perversions of facts. In the first place 
Messrs, Farey and Donkin have never, so far as we 
are aware, used a notch 12in. wide at all. No 
doubt they would use such a notch if the circum- 
stances of the case required it; but as a fact 
the widest notch used in any of their experiments 
which have been made public is 6in, Again, the 
statement that the notch used is always one width 
is also incorrect, as the writer in our contempor 
would certainly have known had he taken the 
trouble to acquaint himself with the working of the 
system he criticises. Generally Messrs. Farey and 
Donkin use such a width of notch that the depth of 
the discharge over it isnot less than half the width, 
and by preference they work with a dischar, 
deeper rather than shallower than this, as with the 
deep discharge any error in the measurement of the 
head is proportionately of less importance. Again, the 
statement made by the writer in our contemporary 
that : “‘ the precise position of the float with regard to 
** the notch-board must be fixed to a hair’s-breadth,” 
is simple nonsense. As a matter of fact the position 
of the float may be varied within wide limits, all 
that is necessary being that it is sufficiently far 
back from the notch to be unaffected by the 
fall in the surface of the water as it approaches 
the overflow. In a measuring box with a 
6 in. notch there would be an area of fully three 
square feet in any part of which the float could be 
placed. What, too, are we to think of the state- 
ment in our contemporary, that the position of the 
float has to be fixed ‘‘so that it shall measure the 
‘‘ head of water precisely over the notch board, and 
‘not a fraction of an inch too much to the front or 
‘* too far to the back, errors which would materially 
‘‘alter the apparent depth of the overflow”? Are 
we to suppose that the writer is so thoroughly 
ignorant of the subject that he imagines the float is 

laced over the notch instead of in the still water 

hind it? We find it difficult to believe this, yet 
what other construction can be placed upon his 
words? We should have thought that the most 
elementary knowledge of hydraulics would have 
made him aquainted with the fact, that in gauging 
the discharge of water over weirs or notches the 
depth at the point of overflow is not measured at 
all, the ‘‘ head” causing the discharge being that 
due to the height of the still water above the edge 
over which the overflow takes place. 

Lastly, the writer in our contemporary appears 
to imagine that a very minute mistake in the measure- 
ment of the head over the notch involves an im- 
portant error in the results. Here he is again wrong. 
In the case of a 6 in. notch working with a 4in. head 
an error of even yzin. in the measurement of that 
head—and it must be a very careless observer who 
would make such an error as this—would cause a 
difference in the final result of less than 24 per cent., 
whereas a similar mistake in the measurement of the 
mean height of an indicator card would on the 
average induce an error of fully 5 per cent., and in 
many cases very much more. Inasmuch, there- 
fore, as the head of water flowing over a notch is 
much more easy to measure than the mean height 
of an indicator card, our contemporary’s objection 
on this score falls to the ground. 

We have now, we think, disposed of our contem- 
porary’s objections to Messrs. Farey and Donkin’s 
system of testing, and have shown that those objec- 
tions have their origin in an insufficient knowledge of 
the subject. There is the less excuse for this as 
Messrs. Farey and Donkin have made no secret of 
their modes of operating, but have in the freest 
manner given full information to those interested 
in such investigations, and have placed the results 
of their labours at the free disposal of all. Before 
dismissing the subject, however, we desire to say a 
few words on a branch of the question which our 
contemporary has thought fit to notice, and this is 
the calculation of the weight of steam used by an 
engine from the data afforded by Messrs. Farey and 
Doakin’s mode of testing. We have ourselves on 
several occasions explained how this may be done, 
but the writer in our contemporary has chosen to 
investigate the subject for himself, and in so doing 








has arrived at some very amusing results, and dis- 
covered a mare’s nest of very satisfactory proportions. 
It would, however, be impossible to do full justice to 
a discovery like this at the end of a long article like 
the present, and we therefore merely advert to it, 
leaving it to be dealt with fully on an early. occasion, 


PATENT SPECIFICATIONS. 

As a judgein a patent case, we could wish for no 
better than the Master of the Rolls. But as a Com- 
missioner of Patents he is not, to our mind, equally 
successful, 

Not only did he, as now appears from his own 
words, fully sanction the recent change for the 
worse in the printing of specifications, but despite 
the incontestible evidence to the con » he main- 
tains that it was a change for the better. This is 
certainly startling. Can it be possible that his lord- 





ary re type really in earnest when he made the assertion, 


with actual facts staring him in the face? It was 
in the course of a trial last week that his lordship 
alluded to the subject. He complained about some 
imperfection in a printed specification of the old 
type, whereupon an eminent Q.C. remarking that, 


ge | as at present issued, the printed specifications were 


much worse, appealed to his lordship to use his in- 
fluence in favour of improvement. 

This appeal, so far from being successful, elicited 
from the Master of the Rolls observations in the 
sense already mentioned, coupled with a statement 
to the effect that nothing was done in the Patent 
Office without his approval, and that the change in 
the printing of specifications had not been made 
without careful consideration and the unanimous 
approval of the leading patent agents, with one ex- 
ception. The dissentient referred to, it seems, sent 
in a report against the alteration, but the grounds 
adduced in support of the objection were not con- 
sidered sufficient to justify abandonment of the plan 
then contemplated and since adopted. 

It would have been more correct had his lordship 
said that he received only one adverse report. He 
was clearly mistaken if he assumed that all the lead- 
ing patent agents, with one exception, approved 
of the scheme. The fact appears to be that matters 
were hurried forward in such a way that the subject 
was not in reality maturely considered by the whole 
of the committee of patent agents to whom it was re- 
ferred. 

We do not know whether the favourable report 
went to his lordship in the name of the committee as 
a body, or whether it simply professed to emanate 
from those members who, having attended the 
hurriedly called meeting and briefly discussed the 
matter, approved of the plan. If the former course 
was adopted we can account for his lordship’s mis- 
take, but if the approving members submitted their 
report on their own responsibility, his lordship 
might readily have ascertained how the matter stood 
by comparing the signatures to the report with the 
list of members of the committee. This would at 
least have saved those who took a sound practical 
view of the question from the —— of having 
committed themselves to a great blunder. That any 
experienced —_ agent was ever found willing to 
sanction such an objectionable innovation is to us 
wholly unaccountable. 

The Master of the Rolls pointed out that full-size 
copies of drawings could still be obtained when 
required, Of course we know tracings may be had. 
In other words, one can now obtain, after days of 
delay, for pounds of delay, a poor equivalent for 
what was previously available at a moment’s notice, 
and at the cost of only shillings or even pence, 

And it seems we have not even yet done, Any 
one who may want a copy of the specification of an 
expired patent that is out of print, will himself have 
to pay the entire cost of setting up and printing the 
new edition. 

This opens up a cheerful prospect to the thousands 
of inventors who may wish to carefully investigate 
the novelty of their inventions prior to applying for 
patents. If the Commissioners of Patents desired 
to encourage to the utmost the repatenting of old 
inventions, they could not adopt a course more 
surely calculated to attain their end. What may 
we expect next? 





CONVERSAZIONE OF THE SOCIETY 
OF TELEGRAPH ENGINEERS. 
ALTHOUGH the Society of Telegraph Engineers is 
but five years old, having been founded in the year 
1871 by Major Frank Bolton and Major Webber, 
R.E., it has taken a position for high scientific cha- 


racter and vigorous work second to no other body 
in London, and its conversaziones are perhaps the 
pleasantest and the most interesting to which men 
of science are invited. 

The Society is a connecting link between the In- 
stitution of Civil Engineers on the one hand and the 
Physical Society on the other, Its papers embrace 
large operations which constructively belong to the 
domain of the civil engineer, such as the laying of 
cables, the working of railways, the blasting of 
rocks, and the improvement of manufactures, 
while technically they embrace principles of pure 
physical science depending upon the laws of mag- 
netism and electricity, light, heat, sound, and 
chemical action, With three societies so intimately 
connected by the overlapping of their domains it is 
pleasant to record the cordial co-operation which 
exists between them, the Institution of Civil Engi- 
neers ae from the first given to the new Society 
a home, and so much sympathy exists between the 
Society of Telegraph Engineers and the Physical 
Society that the fusion of the two into-one has been 
several times proposed, and has been received with 
favour. 

On Mon@ay evening the President and Council 
of the Society of Telegraph Engineers entertained 
the members of the Society and a great number of 
distinguished visitors at a conversazione which was 
held in the ball-room at Willis’s Rooms, and it is not 
too much to say that owing to the energy and 
organisation of the acting secretary, Mr. Sive- 
wright, and to the co-operation of men distin- 
guished in every branch of electrical research, the 
collection of objects of scientific interest was as 
good, if not better, than those which have gone be 
fore, and which have made the soirées of the 
Society of Telegraph Engineers so proverbially 
attractive. 

The President, Mr, Charles V. Walker, F.R.S., 
exhibited a most interesting series of specimens and 
original instruments, illustrative of the rise of the 
electric telegraph in connexion with the South. 
Eastern Railway from the year 1844 to the pre- 
sent time. The first of this series was a set of 
thirty-six insulators for telegraph posts. The first 
telegraphs had no insulation, but were merely strung 
through metal eyes screwed into the posts; the 
next step was to wrap felt round the wire at the 
point of passing through the ring. This was fol- 
lowed by a ring of wood, through which the wire 
was threaded, having a groove round its circum- 
ference for binding it to the post. The next step 
was the employment of porcelain, which was the 
same shape as the last, and consequently had to 
be threaded from the end of the wire. This was 
next modified by a portion being cut away from the 
circumference to the centre, and this may be looked 
upon as the earliest type of modern insulators which 
have developed into many hundred forms. 

Mr. Walker also exhibited the first piece of wire 
(No. 8 B.W.G.) covered with gutta-percha, this was 
in the year 1848, also the first lightning protector 
for telegraphs, which consists of twosmall brackets 
carrying brass balls and fixed upon a stand, so that 
the balls very nearly touch ; each bracket is armed 
with a set of spikes, the points of which are directed 
towards, and are in close gee wag | to, a correspond- 
ing set of points upon the other bracket. By this 
arrangement, which may be taken as the type of 
many of the modern lightning protectors, the voltaic 
current has not sufficient tension to leap across the 
air space between the balls or the points, but has 
to traverse the coils of the instrument, while a 
spark of statical electricity leaps the air space and 
leaves the coils uninjured 

In the same series was shown a curious recordin 
instrument known as McCullum’s globotype, whic 
records signals passing through it by droppin 

ellets coloured black, white, or blue, correspond. 
oe to its three magnets respectively, into a zigzag 
groove closed in front by a sheet of glass, so that 
as the space enclosed between the glass and the 
groove becomes filled by the pellets running down, 
a sort of pattern is produced which records the 
number of signals that have passed through each 
magnet, and the order in which the magnets have 
been working. The release of the lets from 
their hoppers is effected by a valve similar to that 
adopted in shot flasks, and which is actuated by the 
armature of its corresponding magnet. 
alker also exhibited the first time.signal 
commutator of 1852, and as a matter of popular 
historical interest the original time tables of the 





royal specials, as well as the signalling instruments 
employed on ‘the occasion of the journey of the 
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Princess Alexandra from Gravesend to London, 
on the 7th of March, 1863. . 
Passing to instruments in use at the present time 
upon the South-Eastern system, Mr. Walker showed 
in action a complete set of block-system instruments, 
including his beautiful ‘train describers’’ and 
double action’ repeaters, as well as the complete 
apparatus for electrical communication between pas- 
senger and guard and guard and engine-driver. 

e Astronomer Royal contributed some interest- 
ing specimens of the photographic registers of the 
movements of the declination and horizontal force 
magnetometers,* and of the earth-current galvano- 
meters at the Royal Observatory, showing a remark. 
able correspondence existing between the magnetic 
and galvanic disturbances. The specimens were 
chosen so as to represent days upon which “magnetic 
storms” occurred as well as days of ‘magnetic 
calms,” 

Messrs, Siemens Brothers exhibited a splendid 
collection of self-recording instruments, including 
their registering sounders which are in use in the 
General Post Office. 

The Western and Brazilian Telegraph Company 
exhibited Jamieson and King’s self-relieving grapnel 
for recovering and fishing up submarine cables, 
The special characteristic of this most ingenious in- 
vention lies in the fact that it slips a rock but holds 
a cable. Its form is that of an anchor of five flukes, 
which are hinged at their bases to its shaft, so as to 
be capable of doubling back when their points en- 
counter an obstacle, such as a sunken rock; they 
are however kept in their normal position by a flat 
spiral spring acting against a plunger within the shaft, 
and which in its turn presses against the prolonga- 
tions of the fluke arms, and keeps them in their places. 
If, however, a cable be hooked, it es down to 
the base of the arms, as into an ordinary grapnel, 
and a set of supplementary spring catches make it 
doubly secure from slipping out again. This grap- 
nel was illustrated on Monday evening by a working 
model, which could be dragged along the ground 
upon which were fixed obstructions of wood to re- 
present rocks, and cords representing cables; its 
action was invariably satisfactory, and attracted 
much attention: A full size grapnel was shown, as 
well as large working drawings showing its con- 
struction. 

Mr. Latimer Clark, who presided over the Society 
last year, showed his beautiful Thomson’s reflecting 
galvanometer, which by being fitted with very per- 
fect optical apparatus and a perfectly plane reflect- 
ing mirror silvered on its frout surface, is capable of 
projecting upon a screen 50 ft. off a sharply defined 
image of the aperture of the illuminating apparatus, 
whether that aperture be in the form of an elabo- 
rately cut arrow, a slit, a lenticular form, or a wire 
stretched across a hole. For lecture purposes this 
fine instrument is unrivalled ; the range of its scale 
is only limited by the size of the room, and at a dis- 
tance of 50 ft. a displacement of its needle through 
1 deg. of azimuth is represented by a movement of 
the spot of light through 10} in. from its zero point. 
The coils of this galvanometer are wound with about 
1150 turns of No. 22 copper wire in two parallel 
circuits, and has a resistance of four ohms. 

Sir William Thomson exhibited his new form of 
mariner’s compass, with his method and appliances 
for adjustment, This instrument was described in 
these columns a short time ago.t Also the very 
beautiful irrepressible liquid gyrostat, which he de- 
scribed at the meeting of the British Association, 
and which created much amusement by its per- 
sistence in fighting against difficulties and appearing 
as if animated by a living intelligence. 

Mr, Robert Sabine showed his beautifully worked- 
out apparatus for measuring very minute intervals 
of time. It depends for its principle upon the law 
that when a charged body accumulator or condenser 
is discharged steadily, the rate at which its eleciri- 
city is neutralised is a definite one, depending upon 
the resistance of the circuit through which the ie. 
charge takes eo that is to say,-that if a certain 
percentage of discharge or leakage take place 
through the circuit during one second, the same 
a of the residual charge will be neutralised 

uring the next second, and so on, until equilibrium 
beestablished. Mr. Sabine’s apparatus, by measur- 
ing the fall of charge in a condenser after a momen- 
tary contact, renders it possible to determine in- 
tervals of time of one-thousandth part of a second. 
As an illustration a small anvil was connected with 





* See ENGINEERING, vol. xxi., p. 478. 


one side of a charged condenser, while a light 
hammer was connected with the other side of it 
through a known resistance. When the hammer 
was struck sharply on the anvil it necessarily rested 
on the anvil for a minute fraction of a second before 
rebounding, during which time a certain percentage 
of the charge in the condenser leaked away through 
the resistance, and the residual charge of the con- 
denser was discharged through the galvanometer. 
The falling off in the charge due to the leakage 
during the contact of hammer and anvil enabled the 
duration of that contact to be determined with ex- 
traordinary precision. 

Mr, Sabine also showed his apparatus and method 
for determining the contour and speed of waves in 
telegraph lines; and he exhibited a very beautiful 
series of experiments, due, we believe, to the late 
Sir Charles Wheatstone, for showing the circulation 
set up in mercury partly by deoxidation and partly 
by variations in the surface tension of the mercury 
when influenced by voltaic. currents varying in 
direction. Upon this principle is based Professor 
Dewar's electrometer, which was exhibited by 
Messrs, Tisley and Spiller, by whom it is constructed. 
It consists of two glass vessels containing mercury, 
upon which floats sulphuric acid diluted in the pro- 
portion of 1 to 15. These vessels are connected by 
a horizontal siphon-tube dipping into them, and 
which is filled with mercury with the exception of 
a small globule of the same acid solution, which 
serves as an index, and traverses from one end of 
the horizontal tube to the other. Upon connecting 
the mercury in one vessel with one terminal of an 
electro-motor, and the other vessel with the other 
terminal, a difference of surface tension is estab- 
lished at the two ends of the electrolytic globule, 
oxygen being disengaged at one end and hydrogen 
at the other, and these differences each tend to move 
the globule in the same direction, so that it moves 
along the tube, which is graduated to record its dis- 
placement, If the current be reversed, the index 
moves in the opposite direction. Thisinstrument is 
of considerable sensitiveness, and for the lecture 
table is especially convenient, 

Messrs. Cecil and Leonard Wray exhibited their 
new form of thermo-pile and an improved form of 
Reis’s telephone. The thermo-pile is an improve- 
ment upon Clamond’s, which was described in this 
journal some months ago.* The elements are the 
same as those of Clamond, but the connexions are 
made in such a way that the fracture of a bar does 
not stop the current. The principal improvement, 
however, consists in supporting the sets of bars upon 
a fixed framework of porcelain fireclay, instead of 
upon rings as in Clamond’s, where one layer of 
elements has to support all above it, rendering the 
ile liable to tumble to pieces through either the 
ower bars becoming broken, or the rings, which 
are composed of aiaies and ‘silicate of potash, 
crumbling away. 

Messrs. Wray’s improvement upon Reis’s tele- 
phone, a description of which will be found on 
another page,} consists in giving to the transmitting 
instrument a second vibrating membrane, so as to 
protect the transmitting membrane from the action 
of the breath and other disturbing influences. The 
receiving instrument is also somewhat different ; the 
soft iron bar is in two parts, each of which is sur- 
rounded by a magnetic helix and placed end to end 
with reversed poles, so that not only do they produce 
a tick or sound of doubled intensity, but by tending to 
pull against one another the sound is increased by a 
strain produced on the sounding box to which they 
are fixed, Any note sung into the transmitter, how- 
ever feebly, was instantly repeated by the bar, and 
so sensitive is this qoute that it reproduced the 
beats of the contact breaker of an induction coil at 
the further end of the great hall whenever the latter 
was working. 

The Electric Writing Company exhibited Mr. 
Edison's electric pen and specimens of the work 
done by it. Our readers may remember that a 
description of this instrument recently appeared 
in these columns,t Near the entrance was a fine 
collection of instruments for the measurement of 
electrical resistances constructed by Messrs. Elliott 
Brothers, exhibiting all the scientific accuracy and 
beauty of workmanship for which that firm has so 
at a name, and to which the late Mr. Becker so 
gely contributed. 

Mr. Apps had a brilliant display, including a fine 
induction coil giving 20 in. sparks in air and illumi- 
* See ENGINEERING, vol. xviii., p. 477. 





nating some fine specimens of vacuum and fluor- 
escent tubes. Mr. Apps also showed a large block 
of optical glass pierced and split by spark from 
the t induction coil which he has recently 
completed for Mr. William Spottiswoode, F.R.S., 
and which is capable of giving a lightning flash 
42 in. in length ! 

Faraday’s magnificent classical experiment of the 
rotation of the plane of a polarised beam of light 
under the influence of magnetism was well shown 
by Mr. Ladd with a fine ne a tus. 

As an example of what may be done by delicate 
manipulation and beautiful machinery we may cite 
samples of silk-covered wires exhibited by Mr. 
Walter Hall, some of which being not more than two- 
thousandths of an inch in diameter. 

Mr. Spagnoletti exhibited a very interesting col- 
lection of railway signalling’apparatus, including an 
electric semaphore signal which has been in use 
upon the Metropolitan Railway for upwards of 
twelve months, and which, although of the full size 
adopted on that railway, was worked with but six 
cells of battery. 

Messrs. Montefiore showed in action their auto- 
kinetic telegraph, which may be described as asystem 
for the laying on of electricity ‘‘ from the main” — 
like the water or the gas in domestic houses and 
public institutions. By this system any private 
dwelling can be in instant communication with the 
nearest fire engine station, the police, a cab-stand, or 
a hospital. The transmitting instrument consists 
of a small plate carrying four buttons, By touch- 
ing the first a signal is sent to the central station, 
which indicates the position of the house ; a second 
gives an alarm of fire ; by touching a third a medical 
man is telegraphed for, and the fourth is set apart 
for giving notice to the police that burglars are in 
the house. By combining these four signals other 
messages may be transmitted. 

This year’s conversazione of the Society of Tele- 
graph Engineers will long be remembered as an ex- 
ceptionally brilliant one, and we must congratulate 
the President and Council and Mr. Sivewright upon 
its success. 

We may add that a selection of excellent music 
was performed by the band of the Royal Engineers, 
and contributed not a little to the enjoyment of the 
visitors, 


THE INSTITUTION OF CIVIL ENGINEERS. 
Tue fifty-ninth annual meeting of the Institution took 
place on Tossday, the 19th of December, Mr. George 
Robert Stephenson, Presideni, in the chair. 
The proceedings commenced by the appointment of 
scrutineers of the ballot for Council, when, the ballot having 
first been declared open, the report of the Council was read. 
The constitution of the Society, which was alluded to in 
the two previous reports, had again received careful con- 
sideration. According to the present classification, no dis- 
tinct provision was made for the large number of engineers 
who were past the age when they could remain students, 
but had not yet occupied such positions, nor been so em- 
ployed, as to render them eligible for members. This 
omission it was proposed to supply by the creation of a class 
of “‘ associate members”—the least objectionable title out 
of many that had been suggested. Simple as the matter 
might appear, the selection of a suitable expression for the 
new class had been difficult, as, for weighty reasons, it was 
deemed undesirable to disturb the existing title of member 
and that of associate. The proposed class was intended to 
embrace persons actuall in some of the branches 
of civil appenies, while in the future, associates were to 
be restricted, as they originally were, to those ‘‘ who are 
not engineers by profession.’”” The changes in the roll of 
the Institution during the past twelve months had led to 
an effective addition of 41 members and of 137 associates, 
bringing up the total number (exclusive of the students) to 
2462, or an increase at the rate of nearly 8 per cent. per 
annum. Eleven years ago the gross total was 1203, ont in 
December, 1862, it was exactly 1000. Into the class of 
students attached to the Institution, 696 candidates had been 
admitted since it was established nine years ago. Of that 
number 385 were still on the books, 158 had been elected 
associates, while the remaining 153 had ceased, from various 
causes, to be connected with the Society. As the scale of 
contributions to the funds had been unc for forty 
years, notwithstanding that in the interval all the ciroum- 
stances had been so materially altered, it was open for 
serious consideration, whether the scale should not now be 
revised, and whether the time had not also arrived when 
the area for ‘‘residents’”’ should be made to include the 
whole of the United Kingdom, instead of being limited, as 
at present, to those living within ten miles of the General 
were twenty-six ordinary meetings during the 
t session, when nineteen papers were read and discussed. 
he character of the original communications, and of the 
remarks to which they gave rise, might be gathered from 
the printed records in the four volumes of ‘‘ Minutes of 
ings” issued. Nine other papers had also 
been selected for p ication in the pawn Hg section of the 
Proceedings. To the a 








and Premiums had been 








+ See Enemrzzrina, vol. xxi., p. 478. 
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‘o uthors of fifteen out of these twenty- 
eight essays, Telford Medals 
awarded. Of the recipients six were members and six 

















Dec. 22,.1876.] 


ENGINEERING, 


529 





associates of the Institution, while three did not belong to 
the Society, and one of these was a foreigner. A comp: nm 
of the earliest volumes of the ‘‘ Minutes of gs,” 
first published in 1837, with the latest, showed that some 
progress had been made in the application of the exact 
sciences in designing works, so as to insure the greatest 
economy both of | labour and of material ; and it was in this 
direction, the combination of theory with practice, that the 
younger members of the profession must look to maintain 
their relative positions in the world. With a view of in- 
forming the members as to the state of engineering on 
the Continent, in the United States, and in the colonies, 
the Council had, during the last two years, caused an 
epitome of some of the most important papers in fo 
transactions and periodicals to be embodied in the 
Proceedings. These abstracts had included descriptions 
or works, studies of a purely theoretical nature, an 
memoirs and results of costly and elaborate’ experi- 
ments, the details of which were not to be found in any 
other English publication. In addition to the ordinary 
meetings there were fifteen supplemental meetings for the 

ing and discussion of papers exclusively by students, 
nine of whom had been conside: deserving of Miller 
prizes. The Council had recently determined to print in 
the Proceedings any papers by students that contained 
such original information as to warrant their appearing in 
the publications. 

The property of the Institution comprised securities of 
the nominal value of 14,3221. 3s. 1d. held in trust for 
various purposes, of 22,4941. 1s. 8d. invested on the general 
account, and of a cash balance of 3261. 11s. 7d., together 
37,1421. 16s. 4d., as against 35,297/. 15s. 8d. last year. 0, 
the stock in hand of the forty-six volumes of the ‘‘ Minutes 
of Proceedings,’ numbering together about 7000 volumes ; 
the collections of original drawings and of portraits of past- 
presidents and other eminent engineers, to which a portrait 
of the late Mr. Joseph Miller had lately been added ; 
and the library, unrivalled and unique of its kind, now 
containing 13,431 volumes, being an increase of 3000 volumes 
during the past three years. These effects were insured 
for 10,0001. The statement of accounts showed receipts 
in the twelve months amounting to 11,1811. 17s. 7d., made 
up of three items, viz: To the credit of income, 88441, 10s. 4d., 
to that of trust funds, 4597. 19s. 3d., and to capital, 
18771. 8s. The payments might be summarised under five 
heads, thus: By house and establishment charges, 
18641. 12s.; salaries and wages, 24191. 3s.; library, 
6051. 4s. 3d. ; publications, ‘‘ Minutes of ings,”’ 
40551. 15s. 4d. ; and by premiums under trust, 3130. 7s. 8d. ; 
while 18471. 17s. 3d. had been invested, and the cash 
balance was, as before stated, 3261. lls. 7d. Favourable 
as these results appeared to be, they were not entirely so, 
as the liabilities to the printers and engravers, as well as 
to the several trust funds for unexpended dividends and to 
capital, were greater than at the same date last year. In 
fact, the expenditure now exceeded the income, though not 
the receipts, which comprised admissions and ildi 
fund fees hitherto regarded as capital. 

The report having been, after considerable discussion, 
adopted, the premiums and prizes (awarded at the close of 
last session, according to a list already circulated), were 
presented by the President, who congratulated the various 
recipients, in complimentary terms, upon the value of their 
contributions, especially the Hon. R. Clere Parsons, B.A., 
student, who had gained a Miller Scholarship, the first 
that had been given, of 401. per annum, tenable for three 
years. 

A vote of thanks was then passed to the Council, for 
their unremitting attention to the affairs of the Corpo- 
ration; and a similar vote to the President, for Gs 
zealous efforts to promote at all times the welfare of the 
Institution and of its members, was carried by acclamation. 

The ballot having been declared closed, the scrutineers 
reported that the following gentlemen had been el 
George Robert Stephenson, ident ; James Abernethy, 
Sir William George Armstrong, C.B., William Henry 
Barlow, and John Frederic Bateman, Vice-Presidents ; 
Sir Joseph William Ba tte, C.B., I. Lowthian Bell, 
M.P., George Berkley, Frederick Joseph Bramwell, George 
Barclay Bruce, James Brunlees, Sir John Coode, Harrison 
Hayter, William Pole, C. William Siemens, Sir Joseph 
Whitworth, Bart., and Edward Woods, Members; and 
Col. George Chancellor Collyer, R.E., Henry Oakley and 
Col. John Thomas Smith, R.E., Associates. 

The meeting was then adjourned to Tuesday, the 16th of 
January, 1877, at 8 p.m., when the monthly ballot for 
members will take place. 





HARTNELL’S GOVERNOR. 
To THE EDITOR OF ENGINEERING. 

Stz,—In these days of active thought and increasing 
knowledge, it becomes more and more difficult to develop 
an invention which shall be entirely novel and almost im- 
possible to bring forward a wholly new idea. 

Probably every engineer with an inventive mind from time 
to time has noticed schemes brought forwardin good faith 
as new, but which he himself had more or less worked out 
previously. This is especially the case in regard to governors 
and expansion gears where many minds have been for years 


earnestly engaged. Priority of idea can scarcely be claimed | &c 


by any one. 

use two arrangements look much alike, it by no 
means follows they are identical, the differences may be 
vital. Small additions, omissions, or variations often com- 
pletely change the resultant action. Indeed, it isa common 
— Pag Lae Ae alterations <— dis- 
cove rolo expense, con e@ un- 
successful inte the successful machine. — 
ne one can pony adn d oseutel penne or ape 

any known form of governing gear as 

add but one link to the chain of — t, where 
80 Many must be supposed to have failed, has he not re- 


ding | the crankshaft, patented in 1 


moved another obstacle to progress, added to our resources, 
and may he not justly be credited with a new invention? 
My “‘ patent automatic regulator’ (so called to dis- 
inguish it from my former patent worked by Messrs. E. R. 
and F. Turner, o Ipswich) is founded on a somewhat 
curious theorem, which is, tothe best of my knowledge, en- 
tirely new, viz., if at any ape speed the turning moment 
of the arms produced by the centrifugal force for any two 
itions (in the plane passing through the governor axis) 


balanced by a s' acting in a fixed direction, and the 
angles made the levers with the] respective forces be 
equal, then will the forces balance for all other possible posi- 


tions, or any part of an entire revolution of the arms around 
their pivots. This governor is a particular a 
the forces being at right angles, so are the arms, but from 


the condition of the machine the movement is 


d | limited to, say, under 45 deg., instead of 360 deg. 


My governor is therefore, so faras I can , oR the 
first spring geen A of this class in which this principle 
(which ma; briefly termed that of ‘‘ similar cosines’’) 
has been fully recognised, made the leading principie of 
construction, and attempted to be carried out to its full 
logical consequences. the usual proportions are widely 
departed from, weights are abolished, the arms made rec- 
tangular, the centres spaced far apart, the ball arm shor- 
tened, the other arm (by comparison with the usual forms) 
very long, and that the correct relations of the cosines may 

maintained for all positions and conditions of wear a 
friction wheel is placed there ; not with the first intention, 
as might be supposed, of reducing the friction, although 
fortunately it serves that important purpose. As large a 


spring box is provided as the design will readily admit.) In 
co uence of these ments, not only can very 
powerful springs be 


applied if desired, but a maximum of 
their power can be utilised ised. At the same time the sensitive- 
ness can be adjusted to the maximum that the condition of 
the engine will allow. 

It is the magnitude of the available power that can be 
obtained without sacrificing sensitiveness, com with 
dimensions and weight of the governor, that constitute a 
novel and much-n feature for controlling; the expan- 
sion without complications, more especially that of 
portable engines. = 

As an invention seems by many to be little more than a 
‘happy thought,” made with slight effort (as indeed it 
sometimes may be), and but few are aware of the thought, 
time, and expense required to mature an invention, or the 
gulf that divides a first idea from its ultimate realisation as 
an article of utility and commerce, it may interest some of 

our readers to know by what slow degrees my governor 
om been developed, although of course they are to be as- 
cribed not so much to the individual as to the waves of 
thought that exist in the present age. Two of my expansion 

ears were patented, and manufactured by Mr. James 
errabee previous to 1860—one was in the Exhibition of 
1862 at work. It took four years before the governor on 
Xe, reached the form shown 
at Cardiff, and seven before it reached its later develop- 
ment. In like manner the automatic regulator is the 
result of a slow and tedious process of induction, deduction, 
ene and investigation. 

n rd to Mr. Brown’s governor (which I now see for 
the first time) ; since your engraving is made from a tracing 
recently supplied by him for the express purpose of illus- 
tration, it must be taken to represent his arrangement in 
what he considers its most perfect form (to the exclusion of 
any alteration that might now be made to make it more 
resemble my arrangement). It resembles mine in having 
inverted balls and no links, but there the resemblance 
ceases. He does not seem to have been at all aware of the 
theorem underlying my design. The illustration shows a 
combined weight and spring, and by duly proportioning each 

it may be that a sufficiently sensitive and rather powerful 


ected : wae may be obtained. As a combined governor it 


ffers from mine as well as in the proportions and arrange- 
ments of its parts. With a — spring, unless the 
angular movement were more limited or the difference of 
extreme speeds considerable, its action would be deranged 
by a liability to a kind of tottering equilibrium during some 
portion of its travel. 

The shape of its arms is very similar to one of my earlier 
designs, the balls being suspended from above. I rej 
it after calculating the extreme and several intermediate 
8 due to several different tensions of the spring. If Mr. 

rown (or Mr. Bernays) will kindly give us the extreme and 
several (at least three) intermediate equidistant positions 
and the corresponding speeds carefully calculated, allowing 
for all the disturbing forces and also the net work done in 
foot-pounds by the full rise of the weight, we can form a 
clear idea of its action. If disposed to make similar calcu- 
lation with the same and also with a stronger spring with 
different tensions, he will discover the instability alluded to, 
and beginning to realise how tedious was the process which 
led to the new principle embodied in my design, he may per- 
ceive that it is no small step in advance, at least for the 
purpose for which it was especially intended. 

Automatic expansion gears may be roughly divided into 
three classes, according to the means taken to enable the 
governor to act. 

1. By diminishing the resistance by means of equilibrium 
valves, pistons, and gridiron valves, tappet arrangements, 

. A good example of the latter is the Corliss gear. 

2. By utilising some source of power which the governor 
directs. The best examples of this class are perhaps auxi- 
liary getene actuated by differential ae 

3. By ing the power of the governor that of 





so increasing 
itself it shall be able to control the action of the valves. 
In this class belong my two last governor arrangements 
By either of the systems results can be obtained, 
it is to be hi that their more general introduction 
is at last app’ ing. 
‘ ; Keane aly 
W. HaRTNgELL. 
December 19, 1876. ; 
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To THE EpITor oF ENGINEERING. 

aaah a es to that whic Ht columns 
es ly referring w a your 
Cavestigndioas tn tage 6s goreeners, enqecaaly aiodieg te 
in ernors, es: 
your recent description pono He remarks that ites 
a —— is ae gg on = subject. ew 

ea, he thinks, implied in secon 

your description is not found there, the words weal | bei 


“* cannot exceed” equivalent to the well known phrase “‘ 
not greater than” not’ “is equal to.” They are used with 
the indefinite expression “when the varies.”” The 


sentence pune mathematically co: ; 

If the throttle valve worked without friction no power 
would be given out by the sliding piece under any variation 
of — _ The other extreme id be if the throttle valve 
stuck until the engine ‘gradually stopped, and at the last 
opened the valve. 

Thus “the amount of prere. really given out by 
governor” (through the sliding piece) is variable between 
zero and a maximum, viz., that required to open the balls. 

The writer calculates one possible case. By screwing up 
or unscrewing the throttle valve gland it might be-more or 
less than he calculates.” 

** The higher the balls rise the greater the power,” if not 
self-evident can be easily demonstrated. 

‘* But the less the sensitiveness.” There is an’ ambiguity 
in the use of the word sensitiveness, it being commonly 
applied indifferently to the two different conditions, the 
governor free and acting against a resistance. Used in 
the latter sense, the ordinary governor is less sensitive the 
higher the balls rise. However, as the resistance increases 
the contrary may case. Many engine drivers have 
found out that a certain rise of the — gives the best 
results, and adjust both the rise of the governor and the 
length of the throttle valve lever. 

he reference to a parabolic governor in regard to sensi- 
tiveness is beside the mark where pendulum governors are 
ressly alluded. ‘ 

To apply power to overcome the stability of the governor, 
and for the governor to apply power to overcome a passive 
resistance, are two entirely different conditions Fo arree 
different treatment. Your correspondent uses the w 
power presumably in the former sense in the paragraph with 
the words no power, else the first two lines are nonsense. 

To act on a cut-off gear a governor must have stability. 
The relative stability of governors must be ined by 
those who have to apply them. For this p the 
calculation he has mude on the Porter governor is of real 
service though meant for something else. Using the word 
power in the first sense, as the description alluded to as- 
sumes ‘‘ that the arms are so that the balls may 
rise higher with the same variation of speed and the actual 
speed is greater, the stability will be greater. 

Using the word power in its second sense, the more usual 
case, even the hyperbolicgovernor would exert power di 
the speed varied, more than any other of equal capable 
energy. The crossed arm could a course do more work than 
with the arms uncrossed in proportion to the increased rise 
of the balls. 

A governor with 3} in. balls is said to be equal to an ordi- 

fe’ weight rising 4 in. or doubfothe weight risine 1 is 

e Wi rising 4in., or double the weight rising 1 in., 
might as well have been given way of ifinstration. It 
seems the balls by chance named the ratio of 1 to 17. 
Hence the misconception of the next ph. 

In comparing two governors of about the same size, he 
assumes mine to run at the same s The speed of the 
one is ted by the heaviest weight it can conveniently 
carry. The special advan of the other is that it has a 
much higher limit, to suit which it mye run faster. 


The gravity governor is said to lift 70 lb. 24 in., or equal 
to 14.6 foot-pounds. It is slightly across the ex- 
by Messrs. Mar- 


tended balls than the pecenee exhibi ‘ 
a - a ye hg oe But eT mer nen se 
is o an eight-horse portable engine, where it 
would be rather inconvenient to have more than 150 lb. 


weight rising 2} in. on the spi 
The remark that for every + in. rise of the central weight 
equal work is done, ap ly refers to the governor when 


it ceases to revolve. paragraph nine he recognises the 


ected | fact that the lifting force due to a variation of speed is de- 


pendent on the radius. Hence all the final calculations fall to 
the ground ; 36 ft.-Ibs. or under two and one-half times, ex- 


146 
pressing with sufficient exactness the relative power of the 
two examples given. 





Yours > 
W. TNELL. 
December 20, 1876. 





REVERSIBLE ROLLING MILL ENGINES. 
To THE EpiToR oF ENGINEERING. 

S1r,—I was much gratified to find by your illustrated 
description of the t reversible rolling mill, so admir- 
ably carried out by Mr. Gillott at the Farnley Iron Works, 
has proved so entirely su A ’ 

It may interest some of your readers to know that this 
svete oS yeti rolli | sie wn eames Tae ; 

and was into practice by my de 
Ramsbottom, at the Crewe Works, in 1865. A lolter from 
Mr. Ramsbottom on the subject I take the liberty to 


I am yours very truly, 
Jamus NaAsmMyTH. 
Hammerfield, Penshurst, Kent, December 14, 1876. 
** James Nasmyth, Esq. 
Dear Sir,—I must forgiveness for : 
as ir,— \crave your 
Swiedgi ih recitof you kind liter afte 
you refer to the successful carrying 
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a light sheet of 8 Ib. or 10 lb. weight over the upper 
‘* This country is much indebted to you for so valuable a 
8 ion, and now that it has been brought to a successful 
issue I have no doubt but it will be widely acted I 
must add that it will afford me much pleasure to show you 
the mill at work, and also what we are doing generally, if 
you should at any time visit Crewe. 
** Believe me I am very pane yoo, 
(Si ) **J. RAMSBOTTOM. 
** London and North-Western Railway Locomotive Depart- 
ment, Crewe Station, Dec. 4, 1866.’’ 


BES 





PATENT SPECIFICATIONS. 
To tHe Epiror or ENGINEERING. 

Srm,—Owing to remarks made by the Master of the Rolls 

during the trial of Hinks v. Safety Light Company this 
week, an impression has got abroad that with only one ex- 
ception all the members of the Committee of Patent Agents 
approved of the present mode of —— the specifications 
and drawings before the c was e. . . 
It seems advisable to correct this erroneous impression. 
The fact, as you will be aware, is, that a meeting was held 
to consider the es IfI sy mane po A —_= notice 
of that meeting a in your j a ime. 

Now, the noti : of that _ dog were, I find, sent out on 
the 7th of February last, and the meeting was held on the 
following day to enable an early report to be sent to the 
Master of the Rolls 


sepeeing to be out of town, I did not receive notice until 
after the meeting, or should most certainly have raised my 
voice against the scheme. 

That I (in addition to the member who sent the adverse 
report to Master of the Rolls) strongly objected to the 
Soop moyen and foresaw the inconveniences now found 
to a it, is well known to many. 

I am, Sir, your obedient servant, 
W. Liorp WIsz. 

Backingham-street, Adelphi, December 16, 1876. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Midland Institute of Engineers.—At a meeting 
of the members of this Institute, held on Wednesday last at 
Wakefield, a paper was read on “A ae wy A urst of 
ee west fg | ty te ef 

— r. James Wilson (manager o e 
Collieries), ond Mr. R. Miller ee of the Strafford 
Collieries). The effect of the outburst was stated to have 
been to upheave the floor in places as much as 5ft., its 
sudden force being as great as if it had been caused by the 
| of a blasting shot. Several of those present expressed 
great surprise that such an outburst could have occurred 
on the floor of a mine, but Mr. Miller said another such 
instance had once taken at his collieries. Di ion 
on Mr. Miller’s paper, “ ure of Gas from a Bore Hole 
in the Floor of the Strafford Collieries,’’ was adjourned. 

An Architects’ and Civil Engineers’ Association at 
Leeds.—On Thursday last a ny by tlemen in these 
professions mt ee = hiloso : — Hall, 
under the presidency of Mr. rge Corson, for the pu 
of forming an assodation of the two bodies. The objects of 
the association were stated to be to afford facilities for 
study, and to serve as a medium of friendly intercommuni- 
cation. It was resolved to form the association, and to 
have papers read, with discussions thereon, on subjects of 

‘essional interest, with prizes as an encouragement to 
pursuit of close studies. 

Colliery near Normanton.—On Friday last the 
well-known favourite Silkstone seam of coal was reached 
at the new pit of Messrs. H. Briggs snd Co., at Whitwood, 
at a total depth of 400 from the surface. The sinking 
was commenced about twelve months ago, the shaft being 
15 ft. in diameter. The seam at this point is 5 ft. 2 in. 
thick. The upcast shaft is 15 ft- in diameter, and has now 
reached a depth of about 150 yards. 


Water Supp! Altofts, Normanton.—Last week a 
Local Goverment Broad ea visited this place to hold 


inquiry as to the proposed new water works for the 
supply of this populous township. Evidence was adduced 
proving the bad quality of the water now used, and the 
scheme proposed by the engineer (Mr. Lum: Nyt eg me 
Nee ee eish a cuain: aod enapunel vind Gal cal 
was to get a supply, ngs 
should be ies vealta places. 





Inpran Rartwars.—Surveys for a further extension of 
India Railway from Palee to Godra, about 17 miles in length, 
Indi ra, about 17 miles in le: . 
have been sanctioned by the Indian Government. "is 
construction, as a State line, of the West Rajpootana Rail- 
way from Ahmedabad to Ajmere has been authorised by 
the Secretary of State for India in Council ; i 

me 


—~ with as funds for new lines 
available. anny Socenaas has again submitted 
to the Government of India the expediency of adopting a 


preference to a 3ft. 3in. for at 
portion of this important railway. 
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THREE-FURR 
CONSTRUCTED BY MESSRS. RANSOMES, 


THE multiple plough, which was exhibited at Smithfield 
by Messrs. Ransomes, Sims and Head, of Ipswich, and of 
which we annex illustrations, contains some new features. 
This implement was originally designed for use in the 
neighbourhood of Galatz, and was adapted for quick work. 
It is of a very strong design, so as to reduce the chance of 
breakage, and of a construction permitting its easy turn- 
ing at the headlands. It is mounted on a triangular 
braced frame of a light but rigid section. On this frame 
the three skifes carrying the breasts are fixed, and in 
such a manner as to provide for the adjustment of the 
pitch of the share. The plough has oneslade only, which 
is fitted to the hind skife, and, with the furrow-wheel in 
front, is found sufficient to keep the plough perfectly 
steady in work. The plough is carried on two large 
wheels, which, by means of a lever, are depressed so as 
to lift it some 7 in. clear of the ground, and these wheels 
are so placed that, when raised on them in this way, an 
almost exact balance is obtained, and the plough is 
turned or transported from place to place with as much 
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facility as may be expected from the implement. By a 
simple arrangement of an adjustable screw clip, which 
can be set in any position on an arc fixed on the beam, 
the lever, before mentioned, is used also to regulate the 
depth of ploughing, and a spring catch on this lever con- 
trolled by the hand of the ploughman, enableshim tolift the 
plough out of work, and set it again to the required depth 
without moving from the handle. When in work the left- 
hand of the two large wheels serves as a handwheel, 
while the other, being set some 2 in. or 3 in. higher, just 
skims over the surface of the ploughed land. The breasts 
and shares of this plough are of steel, and all the other 
parts of wrought iron. Each body ploughs a furrow 
10 in. wide, and from 2 in. to 7 in. deep, and in the corn- 
growing districts of the east of Europe they are usually 
worked with a eight oxen and two men. 





NOTES FROM CLEVELAND .AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—On Tuesday business was 
uiet, and showed no improvement upon last week, but never- 
theless the tone was cheerful, and consumers are evidently 
desirous of placing orders as soon as the new year com- 


OW PLOUGH. 


SIMS, AND HEAD, ENGINEERS, IPSWICH. 





(Bigs is likely to be higher than at present instead of lower. 
rices all round are firmly maintained, and esterday on 
*Change they were as under for Cleveland G.M.B., delivery 
immediate and terms net cash: No. 1, 49s.; No. 3, 46s. 
No. 4 forge, 4s. al ton. Producers have no lack of orders 
at present, and though they can obtain 1s. per ton extra 
for forward orders they are not ing them in any quan- 
tity. Forge iron is very scarce, and this may in the spring 
lead to the re-lighting of some of the furnaces which have 
been put out. iveries of pig iron next week will be nil, 
owing to the stoppage of the mills and forges, foundries, 
and other manufactories consuming pig iron. 


The Finished Iron Trade.—This is, with the exception 
of the rail ment, briskly employed, but on Saturday 
nearly all of the works will be closed for a week or more, 
on account of the Christmas holidays, and the annual stock 

i Prices have an upward tendency, and prospects 
are very encouraging. Ship plates are in good request, 
and large orders may be placed for 7/. 5s., but small orders 
will not be accepted under 7/. 7s. 6d. per ton. Sheets are 
in better demand than any other kind of iron, and realise 
a 81. 10s. Merchant iron finds a ready sale. Rails 
still without a shade of improvement. 


Ironfownding and Engineering.—All the foundries are 
well off, and in the engineering shops work is on hand 
which will keep them os oe several months to come. 
Daring the last two months a number—over one 
hundred—of marine engines has been ordered in this district, 
the cost of these engines being at the lowest estimate, some 
200,000. The holidays will affect these businesses as they 
do the iron trade. 


The West Hart i Iron Works.—It has been rumoured 
on Tees-side that the West Hartlepool Iron Works, which 
have been stopped for eighteen months, ontes to the failure 
of their owners, were to be purchased by Mr. I. Lowthian 
Bell, M.P., but this ramour had no foundation in fact. 
Mr. Bell’s process for making iron is still in an 
mental s ,and Mr. Adam Spencer, who was formerly 
at West Hartlepool, and is himself the inventor of a 
oo puddling furnace, is assisting him in his experi- 
ments. 

The Skerne Iron Works Company.—Some time ago this 
firm wished to dis: of their bridge-building business, and 
to carry on exclusively the manufacture of plates. A com- 

any was formed to take over the bridge works, but they 
ailed to secure the necessary capital, and the works are 
still held by the old company. 

The Britannia Iron Works Company.—Mr. H. Chatteris 
has been appointed official liquidator of this unfortunate 
company. manufacture of iron rails has not in their 
case, as in that of several others, proved a remunerative 
undertaking 

The Coal and Coke Trades.—The demand for coal is 
dull, and prices are weaker. Many of the collieries have 
been on short time recently, but next week all will be 
el for the holidays. = ae oe 

onday evening gave his aw ive to the wages of the 
Durham Colliery enginemen. He decides that they be 
reduced 6} per cent. instead of 13 per cent. as claimed by 
the employers. These men were reduced considerably in 
March last under the award of the same gentleman. e 
Durham colliers and their employers are discussing the ad- 
visability of establishing a sliding scale for regulating 
= a the rise and fall of the marketable value of coal. 
This will do away to a 


extent with the expensive 
arbitrations which they have 


during the last two years. 








WasHERs For Steam Pipe Jornts.—We notice that 
Messrs. Turner Brothers, of Spotland, Rochdale, have lately 
introduced a useful form of india-rubber washer especially 
adapted for making tight joints in steam, water, or other 
pipes that are subjected to high pressure. It consists simply 
of the addition of atJ-shaped ring around the inner edge of 
the washer, so that the rubber is protected, and at the same 


tii ted f: ueezed inwards in ing the 
inion tohertant Uae an ene 








mences, that the inquiries they are making are very 
numerous. le has recently been better than at any 
time during the past twelvemonth, and it is the general 
opini that 1877 will give better results than 1876 has done. 
There are certainly reasonable grounds for believing that 
such will be the case, —< SS pe ao more | 
eager to buy iron where they can, for the of Cleveland 


joint or from being burst when under 
t these washers have already been Degely used, and with 
great success. 
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THE TAY BRIDGE.* 
By G. Grixes, Middlesbrough. 

In a paper descriptive of the Tay Bridge, it would be out 
te to enter upon the consideration of the merits of 
erent iron structures, the oy Bere “4 oo 
spans, or the comparative stre: of p ice 
girders, and yet it would be perhaps less than sufficient, if 
some mention were not made of the great changes which have 
taken place in wrought and cast-iron bridges, and similar 
structures, since the days of the Britannia and the High 
Level Bridges. These were, at their date, two of the most 
— of ether phy whey this day, the 

ridge remains one of the specimens, as 
ae of a nye ba structure required at oe a two- 
fold duty—to be rigid as a roadway, strong, with 
elasticity, as a railway brid; The di is instinct with 
the beauty of fitness, va the whole bridge, as a work of 





the old regime of ~ ht and —y = yas it 
perso Lie, ame y. be Eekagen over Brepale and 
most nota 


Beulah go in Wetinesstee, he gave 

examples of material in the ht place place, and muscular 
a versus adipose bulk, 

Se Ry 

were e writ paper years ago. 

that ms who did so much that was brillinné and Brand 


ver, and yet left so little that was successful, 

ro one of the most scientifically beautiful and com- 

— useful bridges, po by RAL. built, in the 

itash Bridge, the distance with less ma- 

i than had ever been done Time will not admit 

of our going farther into this subj , the end of which, for 

our present purpose, is sim t railway bri s have 

undergone a most weg mo in 'scienti » and 

a reduction in bulk, and that the Ridin bene of Os 
latest examples of this fact. 
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pes a naga skill and mechanical construction, will long 
one who studies it with engineering eyes, 
a mn Ad, of the ability and skill of the e and th 
constructors. The Menai Bridge was one of the marvels of 
its day, but probably the eminent man who created it, would 
not, in the light of engineering science of the present day, 
adopt the same means to span the turbulent torrent over 
which it takes ‘‘the Flying Irishman” so safely. He 
use less material. He would trust more to the 
muscle without the flesh, or, in other words, he would Lacy 
the material in the lines of the forces called out t by the load 
and eliminate the surplus plate. Thus the whole load | full 
would be less, the bridge cheaper, the strains more direct 
and simple, and the structure more durable. These remarks 


only faintly indicate the c which time, ) om, and 
the progress of science have ht about in the structure 
of pea bridges. The Tay Bridge, su our 


Present consideration, is an eminent example lightness 


and strength. Mr. Thomas Bouch, the engineer, 
already signalised himself as one of chief innovators on 


* Paper read before the Cleveland Institution of Engineers. 








then to the Tay Bri 


Returning , let us for a few 
moments -— og ‘ad its ae ied 
its histo: 


position and then at 
ry: 


Early in P os wun anamit ‘he necessities of 
the North British Railway made it evident that the ferries 
over the Friths of Forth and Tay were not =. paceas to 
the conveyance of the traffic on that grea way 
artery of Scotland, but that, in what thy aid towards ti 
conveyance, pean f were a hea’ id to 
diverted and sent round by tae cial aakimenene 
was very severe, the time occupied, even under the wonder- 

far too much, 


of com: 
ia ea the terriee must be changed for some con- 
tinuous unbroken mode of communica In 1859 and 


1860 the great Frith of Forth was projected, de- 
signed, carried through Parliament, , and | oy 
the climax bei ee Dara a cak a mien 

parties in , and a scarcity of the one metal, 
bs vo harhe Agee oe foe tye 
was given up, on merits, for they certainly woul 
pad i it to success, but let us say, by the law of 





1871 saw the commencement of the Tay 


The 
link in the con 

ae A ae ee that data sce or clr 
Ee ee been successfully carried 
Parliament by the North British Railway Company, w 
for boldness and beauty, for novelty and real Jeientifie 
excellence, has not its equal in the history of railway 
structures. 

The i Bridge, Ben v forms a gle | ot the. aes new 
branch ren tee , On mag 
was placed in the Seats of Siiawn aoa 
Co., of S ys, Manchester in Stay, 1871 
blem was to ridge over a distance of almost too mie. 
with a rapid tidal river, and a bottom chiefly formed by 
a deposit to contend with. 

- Mr. Lente ps these Be panes Genente, with —< skill 
and ingenuity, and was essrs. De Bergue 

Co., who were ably re aoe he eae Austin and 

08 nt aa lengths: Gof 28 ft, fas oot 16 of 
ink nat Tor ieee a on the Dundee side of the centre ; 
and 3 of 60 ft., 2 of 80 ft., 22 of 120ft., and 14 of 200 ft. on 
the Fife side. The in the conrse of the 


experiences 
construction of the work rendered 7 3 alterations in this 
arrangement needful. original 2 nos were altered as 
th epi Her) = mpi ney 2 se a ep to 
e sub-piers, an 0 were 
meet the new pte worn. the one fact 
that a space of 10,321 ft., or myn pe —, to fo be 
crossed, ge that however spans oe foundations 
fail, this must be accomplished. 3, 1871, the 
foundation stone of ~ land abutment on Fife side was 
laid by Master W. A. Paterson, the son of Mr. William 
Paterson, the resident ——s Sheriff M 
RE ap me ss hoped those who i 
c, and he ose who in’ 
money in | it might secure that profit to which their enter- 
eg entitled them. He only hoped that the spanning of 
Tay was but the prelude to even a more ex’ 

achievement, the bridging of the Forth. Then, and not 
A then, the east coast of Scotland would enjoy what 

a necessity—an unbroken railway communica- 
tion.” is was the dream of 1871, and this is now the 
ae purpose of the North British Railway Company in 


original deeign the piers were to be built of brick, 
ay in cement, the Seontations produced by sunk cy- 
linders filled with concrete. This was carried out on 
+ a Fife side of the river with considerable success. The cy- 
linders being sunk by the ordinary pneumatic process known 
as the “‘ air-bell’’ process, the water driven out of 
the cylinders by compressed air, and the cylinders sunk by 
the ordinary modes of excavation. Of course the pressure 
on the men who were excavating, and also on the cylinder 
itself, depended on the depth to which the latter was sunk. 
This was cncoentdl carried out until 15 of the 
piers on the Fifeshire age i, not, 
without accident, for in August, 1 one of the 
cylinders, 8 ft. Gin. in diameter, it f exddealy burst, letting 
in the water on the men, causing the death of six of those 


then in the work. So this momentous 
pr ms varying success, through man 


y difficulties, 
a pes can onl reciated by those who "save hak to 
contend with t = oundations failed, in some cases 
from a total and variation of the strata in others 
from want of ; surface and the scouring action of 
the tidal flow, &c., until the 10th of Merck pee when the 


death of Mr. Chatien De Bergue checked the progress, and 
rendered new arrangements necessary. By this gs 4 
considerable amount of werk had been erected at th 
Dundee end of the brid Here the oes were formed of 
hollow cast-iron tubes together with tie bars, and 
sunk in the sand by means of a constant current of water 
forced through them. 

In July, 1874, the completion of the work thus 
menced was undertaken Messrs. Hopkins, een one 
ceased wih tigeas” Dasing ieenioteoal ie aria 
resumed with vigour win year 

was ande— Sie frequent storms it the 

= i , and it was not until the of 1875, 
the nid the 

t alter- 


‘of new and more ome 
ations, the bridge of elon dys it rapid ¢ ens The en- 
ean ound in, ie rg stanton, in ae 
longer period in execution than his first calcula cieslius em 

templated a tan would ni considemstion it was deaded 


28s 


3” MB Bowstring girder. 
Fourteen only of the piers, those on the Fife coast, are of 


SOSSOROARSOE’ 


saneh, eal the nent Being eeiener ee eae ht iron 

cits fe ie ty ln Se ess 

co. p A 

and the work th — cia EE h water line i 

is 

88 ft., thet line of raila & on a rising | from the 
Dundee end of about 1 


The gindece (noe Figo. "2 to 11) are of the lattice construc 
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SS 
tion with double triangulation, and trough booms at top 
and bottom, from 15 in. to 24 in. in width according to the 
span, & remy bad ay. fixed from my top boom to the 
crossing of the struts and tees, at every alternate ing. 
This 1s a construction that has been much questioned. fi 
has the one of producing stiffness, and renders the 
adopting of a lighter top boom safe by dividing the i 
more intimately. The depth of these girders is one-eight 
of the span, a yet adopted by 
D, Stewart, C.E. (whose exhaustive paper on wrought-iron 
irders was read before the Edinburgh and Leith Engineers 
iety in 1872) as the result of many experiments, and as 
giving the greatest strength with the least material. The 
——. are of pitch pine 12 in. by 9 in., the rails being 
on longitudinal beams 17 in. by 7 in., and the whole 
lanked with 3-in. Memel, covered with asphalte as a pro- 
ion from weather, and the falling ashes from the loco- 
motives. A light hand-rail of 2} in. (inside) gas tube runs 
the whole length of the bridge, carried by metal stanchions. 
These tubes it is intended to utilise—the one to convey 
weet and the other gas from one side of the Tay to the 
other. 
A noteworthy feature of the bridge is that with the large 
spans of 245 ft., the engines and trains will run between the 
, the rail platform resting on the bottom booms, but 
in all the other spans the trains will run on platforms fixed 
on the upper booms. A saving of cost and a more equal 
ient are secured by this plan. The girders are con- 
innous in sets of four with sliding beds on those at each 


end of each set. 
(To be continued.) 


A HISTORY OF THE BESSEMER MANU- 
FACTURE IN AMERICA.* 
By R. W. Hunt, Troy, New York. 
(Concluded from page 509.) 

Tue Pennsylvania Steel Works were the third Bessemer 
works started in the United States. The com was 
a under the presidency of 8S. M. Felton, Esq., and 
under the auspices of such prominent railroad men and 
engineers as the late Edgar J. Thomson, Nathaniel Thayer, 
M. W. Baldwin and Co., William Sellers and Co., Bement 
and Dougherty, R. P. Parrott, H. BR. Worthington, 
Merrick and Sons, Morris, Tasker, and Co., and others. 
Upon the first organisation of the company Mr. William 
Butcher, of Sheffield, England, was elected as the engineer, 
and ground was broken, but, later, other arrangements 
were made, and the works were built upon plans furnished 
by Mr. A. L. Holley, and on January 1, 1967, that gentle- 
man severed his connexion with the Troy Works, and 
removing to Harrisburg, assumed entire charge of the 
construction, being assisted by Mr. H. 8. Nourse. In June, 
1867, the Bessemer works were first started and have been 
ever since in operation. The rail mill of the company not 
then being completed, most of the ingots were rolled into 
rails at the Cambria Iron Works, Johnstown, Pennsylvania, 
this arrangement lasting until May, 1868. I find it stated 
in an official publication of July 27, 1868, that the ‘‘ annual 
capacity of the present Bessemer plant (two 5-ton con- 
verters) is about 10,000 tons, and of the rail mill 30,000 
tons. Additional converters will be erected from time to 
time.”” The time for such additions has not yet arrived, but 
the product has been increased fully 500 per cent., the 
heaviest day up to date, having been 281 ; week, 1291 ; and 
month, 5455 ss tons. 

The writer charge of the rolling at Cambria of the 
Pennsylvania Steel Company’s steel, and well remembers 
with what proud satisfaction Mr. Holley visited Johnstown 
and proclaimed to us all that at last his dream was realised ; 
that the Pennsylvania Works were making four conversions 
on each turn, or eight per day ; producing 40 tons of ingots. 
I presume that ‘‘ official document’’ was inspired just about 
this time. In May, 1868, the rail mill was completed, and 
since then the company have taken care of their product 
at their own works. At first they pursued the same plan 
(rolling’8} in. ingots with a reheat) under which their steel 
had been rolled at Cambria, but subsequently introdiced 
hammering-; two mers have up to the present time 
drawn the ingots into rail blooms, but the company are now 
erecting a blooming mili constructed by Mr. James Moore 
at Bush Hill Iron Works, Philadelphia. 

Upon Mr. Holley’s relinquishing the management of 
these works in 1868, he was succeeded by the joint manage- 
ment of Mr. Nourse and Mr. John B. Pearse. This ar- 
rangement was in turn succeeded 4 another by which, in 
187, Mr. Pearse took charge of the company’s business 
as general manager, Mr. Nourse remaining as superinten- 
dent. Mr. L. 8. Bent is now in charge of the works. 

The first ingots made at Harrisburg and sent to John- 
stown to be put into rails were drawn into blooms under a 
5-ton hammer. A limited number were also hammered at 
the works of Seyfert, McManus, and Co., coma and 
the blooms sent to Cambria. While watching the be- 
haviour of the steel under the hammer, Mr. George Fritz, 
chief engineer of the Cambria Works, hecame convinced 
that it was not the pro manner of creating the ma- 
terial, and he and Mr. Holley had many consultations on 
the subject. Mr. Fritz at once turned up a set of blooming 
rolls which he placed in a 21-rail train, and Mr. Holley 
caused 84-in. ingots to be cast and sent him. These were 
drawn to 6}in. square, then recharged and wash heated, 
and then rolled into rails. So well did this work, that 
Mr. Holley adopted it in the Pennsylvania Steel pan ay be 
rail mill, which he was then building. After many dis- 
cussions and consultations he decided on his return to Troy 
pa) build the heavier blooming mill to which I have before 


The Freedom Iron and Steel Works, near Lewistown, 
Mifflin County, Pennsylvania, were the fourth er 


read before the American Institute of Mini 
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works started in this country. They were organised under | 
the presid of Mr. John A. Wright, and absorbed the 
interests of the Logan Iron Company, which company had 
been successfull wees for many years. Mr. Ww ight 
visited England, and e purchases of the most complete 
machinery there known, a with the exception of the blow- 
ing engine, which Messrs. I. P. Morriss and Towne, of 
P lphia, built, the works may be said to have been of 
lish construction and a: ement. The company in- 
tended to manufacture principally boiler plates and tyres, 
but the plate mill, which was driven by a Ramsbottom re- 
versing engine, was soon c toa railmill. Theworks 
were under the direction of Mr. R. H. Lee, and ran for 
about one year, when, owing principally to the unsuitable- 
ness of the company’s irons for Bessemer steel, the works 
were ny and much of the mere | subsequently 
sold. Their first blow was made May 1, 1868. 

The Cleveland Rolling Mill Company’s Bessemer Works, 
situated at Newburg, six miles from Cleveland, were the 
fifth works erected. These were built after the same general 
plans as the Pennsylvania Works, but Mr. H. Gmelin, the 
engineer in charge of construction, made many modifica- 
tions. This gentleman returned to Austria before the blow- 
ing in of the works, which task was assumed by Mr. John 
C. Thompson, he making the first blow on or about 


October 15, 1868. Mr. Thompson soon resigned the charge | already 


owing to failing health, and the works have since then been 
conducted by Mr. Chisholm. Ina short time, a second pair 
of 5-ton vessels were erected, and all four senaeen in 
operation until 1875, when the later pair were removed to 
make way for Siemens-Martin furnaces, which are now run- 
ning. 
This company deserves credit as being the first parties in 
this country to make a commercial success of the application 


297 gross tons in 24 hours; week ending May 20, 1876, 
— gross tons ; month ending March, 1876, 6051 gross 
ns. 
The seventh works to go into operation, the Union Iron 
Company, are owned by the same parties who controlled 
the Cleveland Works, and are located at Bridgeport, or 
South Chicago, Illinois. Their first blow was made on 
July 26, 1871, and the works have been in almost constant 
operation ever since. They contain two 5-ton vessels, 
moon the general arrangement is similar to the Newburg 


plant. 

The North Chicago Reling ME Company, of Chicago, 
Illinois, built and started the eighth Bessemer works. 
Captain E. B. Ward, of Detroit, was one of the heaviest 
owners in this company, and he, as before stated, 
owned the Wyandotte Works, and was fully convinced of 
the merits of the process, and while abandoning the last- 
named establishment, took steps to have a larger and more 
complete plant erected in Chicago in connexion with the 
extensive iron works of the company. Mr. A. L. Holley 
was engaged to furnish the plans, and the works were 
erected under the direction of Mr. O. W. Potter, then the 


general superintendent of the company. Mr. Holley, 
profiting by the experience acquired in building the several 
other works with which he had been connected, and by the 


advanced state of the art, introduced many im- 
provements in the arrangement of this plant, and when 
pleted it was btedly the most perfect in existence. 
The first blow was made on April 10, 1872, under the 
direction of Mr. Robert Forsyth, who had received hi 
Bessemer education at the Troy Works. This gentleman 
has ever since remained in charge of the converting works, 
and has been most eminently successful in his management. 
His works are to-day making the largest output product 








of Bessemer steel to wire, screws, and several other 
specialities. 

The Cambria Iron Company, of Johnstown, Pennsylvania, 
were the sixth parties to build Bessemer works, their first 
blow being made by the writer on July 10th, 1871. As 
stated, the Cambria Iron Company did not erect Bessemer 
works until after five other concerns had s theirs, 
but nevertheless they were the very first corporation to give 
encouragement to attempts to ect the new process. 

When Mr. Kelly turned his attention to endeavours to 
shorten the process of refining iron by blasts of air, he was 
part proprietor and m er of a blast furnace at Eddys- 
ville, Kentucky. As in the case of many another seeker 
after the unknown, he spent all of his own money, and | 
seriously embarrassed himself. It was about this time that | 
Bessemer obtained his American patents. After filing his | 
claims as the original discoverer, Mr.‘Kelly succeeded in in- 
teresting the Cambria Iron Company, and under their | 

atronage he transferred his experiments to their works at 
ohnstown, in 1859, and there met with the usual number 
of discouraging failures. 

The first Bessemer converter ever erected in America 
was built at Cambria by Mr. Kelly, and still remains there, 
a cherished relic. It was calculated to convert about half 
a ton of metal, and received its blast from the foundry | 
blowing engine. But I never heard even a tradition of a | 
perfect conversion made in this vessel. Still the Cambria | 
Company, and more particularly its general manager, the 
Hon. Daniel J. Morrell, were impressed with the possibility | 
of success, and when the Kelly Process Association was | 
organised the Cambria Company were among the most | 
earnest members. But the conservatism of other members | 
of the company prevailed, and they did not complete their 
Bessemer works until 1871. 

The chief engineer of the Cambria Works, Mr. Comms 
Fritz, had been personally familiar with all of Mr.| 
Kelly’s experiments, and had closely watched the pro- | 
gress of the process as developed by Bessemer and | 
others, and during the time the steel made at the | 
Pennsylvania Steel Works was rolled at Cambria be had | 
abundant opportunities of poe | the manufacture in its | 
various mechanical details, and fully realise the advantages 
of the innovations introduced in the arrangement and 
details of Bessemer plant by Mr. Holley. These two | 
gentlemen had been thrown, during this time, into the 
closest personal intercourse, and while Mr. Fritz was only 
too happy to assist Mr. Holley with his advice and large 
experience in perfecting the plans of the rail mill for the 
Pennsylvania Works, he was equally willing toavail himself 
of the latter’s experience and advice in arranging his plans 
for the Cambria Bessemer = 

But George Fritz could not blindly copy, and while 
cheerfully acknowledging everything taken from Mr. Holley, 
he introduced many new ideas in his arrangement of plant. 
He built vertical disconnected blowing engines, and ar- 
ranged his converting building under one roof, without any 
dividing wall between the melting and casting houses. And 
when he came to the blooming mill he introduced the 
entirely new features of driven rollers in the tables, and a 
hydraulic pusher for turning over and moving the om 
en the tables. These two features constitute the Fritz 
blooming mill patent, now used most of the Bessemer 
works of this country. The merits of rolling as compared 
with hammering had been fully discussed een Mr. 
Fritz and Mr. olley. and they , at various times, gone 
over the numerous details of a blooming mill, and Mr. 
Holley, as already stated, had built one at the Troy Works. 
Mr. Fritz had availed himself of the benefit of the exten- 
sive know and sound judgment of his brother, Mr. 
John Fritz, of Bethlehem, Pa., and the result of all was the 
Johnstown Blooming Mill, which marked a new era in the 

manufacture. While living to see many diffi- 

culties overcome, and + progress made, George Fritz 

pom cg engy «Apert iy one of her est and 
ablest sons. He died August 1873. 

wri i in charge of the works until 


by Mr, John E. 


of any in the world. The plant contains two 5-ton vessels. 

I might here say that while all the present American plants 

are said to consist of two 5-ton converters—the general 

practice is to convert nearer 6 tonsin them. The ingots 

-, bloomed in a three-high 30-in. mill with the Fritz 
es. 

The records of the North Chicago Company show their 
largest product for 24 hours to have been 330} gross tons ; 
— one week 1583 gross tons ; and for one month 6457 gross 

ons. 

The Joliet Iron and Steel Company, having rolling mills 
at Joliet, Illinois, and blast furnaces at Chicago, deter- 
mined to erect the ninth Bessemer plant in connexion with 
their Joliet works. They purchased of the Freedom Steel 
Company their blowing engine, converters, hydraulic 
cranes, &c. Mr. Holley was engaged to furnish the plans, 
and the works were built under his general direction, Mr. 
A. L. Rothman and Mr. P. Barnes being the engineers in 
direct charge. The converting plant consists of two 5-ton 
vessels, and the blooming train is similar to that of North 
Chicago. The general arrangement of the two converting 
works is also very similar. The first blow was e on 
March 13th, 1873, under the direction of Mr. Dunning, 
who still remains in charge of the works. Their records 
show the greatest product in 24 hours to have been 350 gross 
tons; in one week 1528 gross tons; and in one month 
5367 gross tons. 

The tenth Bessemer plant was built by Mr. Johu Fritz 
for the Bethlehem Iron Company, of Bethlehem, Penn- 
sylvania, and of which he was, and is, general superin- 
tendent and chief engineer, Mr. Holley being connected 
with him as consulting engineer. Mr. Fritz had studied 
the various American plants, and also visited England and 
the Continent, and after mature deliberation concluded to 
take a new departure. He arranged his melting house, 
engine-room, converting room, blooming and rail mills, all 
in one grand building, under one roof, and without any 

artition walls. He placed his cupolas on the ground and 

oisted the melted iron on a hydraulic lift, and then poured 
it into the converters. The spiegel is melted in a Siemens 
furnace, also on the ground floor, and the melted spiegel is 
also hoisted and poured into the vessels. 

The blooming train has the middle roll stationary, the 
same as the Cambria mill, the top and bottom rolls screw- 
ing up and down. Ins of di —~ upon friction to 
drive the rollers of the tables, Mr. Fritz put in a pair of 
small reversing engines. This feature has been adopted 
in a method which dispenses with belts, by means of a 
direct connexion of the engines with the table, as arranged 
by Mr. Holley, in several of the other works. The works 
made their first blow on October 4, 1873, under the c 
of Mr. Owen Leibert, who is still the superintendent. The 
highest product has been 264 gross tons in 24 hours; 1340 
gross tons in a week, and 5282 gross tons in one month. 

The Edgar Thomson Steel Company, limited, of Pitts- 
burgh, Pennsylvania, were the eleventh parties to enter 
the business, locating their works at McKenney’s, now 
called Bessemer Station, on the Pennsylvania Rai ’ 
about nine miles from Pittsburgh ; Mr. Holley furnishing 
the plans and Mr. P. Barnes being the resident engineer, 
he ing severed his connexion with the Joliet Works. 
In the fall of 1873, Mr. Wm. R. Jones, who had been 
George Fritz’s assistant at Cambria, became connected 
with the Edgar Thomson Company, and upon the starting 
of the works in August, 1875, assumed charge of them. 
He is now the general superimtendent of the company. 
Their largest product for 24 hours been 265 gross tons ; 
largest for a month’s work, 5403 gross tons. 

In ing these works, Mr. Holley made many im- 
poevennents over any of his previous efforts, and assisted as 

was, the works stand y as a fit monument of the 
peggpers 0% ihe Bessemer peneens ie cao gaara 

twelfth and last works to start were those of the 
Lackawanna Iron and Coal Company, of Scranton, Penn- 

lvania, being added to their already large i t. 
‘The converting works were built by Mr. A. L. Rot ’ 

as 





, who is still in charge. 
my ee eet follows : March 


ho is, 


ber 23, 1875, and. re- 
mained in charge until May, 1876, when he was succeeded 
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by Mr. F. Wilhour, who obtained his Bessemer ex- 
perience at Johnstown, Pennsylvania. The blooming mill 
was built from Mr. Holley’s plans, under the supervision 
of Mr. W. W. Scranton, the general superintendent of the 
company, and has all the late improvements. 

The ulcan Iron Company, of St. Louis, Mobile, have their 
converting works and blooming mill nearly ready to start, 
they being an addition to their already iron rail mill 
and extensive blast furnaces. Mr. Holley has furnished the 
plans and Mr. D. E. Garrison, the general manager of the 
company, has had immediate charge of the erection, Mr. 
John Hogan being his assistant. When these works start 
there will be in operation eleven 5-ton plants with 22 vessels, 
capable of turning out, in the aggregate, 550,000 gross tons 
of ingots per year. 

Having enumerated the various Bessemer works accord- 
ing to the order in which they started, and in so doing 
having referred to the wonderful increase in product, it 
seems a fitting conclusion to briefly review the causes of 
such wonderful strides in capacity. As stated, after build- 
ing the original experimental plant at Troy, Mr. A. L. 
Holley seems to have appreciated that the manufacture was 
capable of a development far beyond any which had been 
attained in those countries in which it was already con- 
sidered a success. 

Even if his mind did not fully realise this conclusion, his 
mechanical intuition was alive to the possibilities of im- 
provement, and the result of his thought gave us the 


present accepted type of American Bessemer plant. He/|d 


did away with the English deep pit, and raised the vessels 
so as to get working space under them on the ground 
floor ; he substituted top-supported hydraulic cranes for 
the more expensive counter - weighted English ones, 
and put three ingot cranes around the pit instead of 
two, and thereby obtained greater area of power. He 
changed the location of the vessels as related to the pit 
and melting house. He modified the ladle crane, and 
worked all the cranes and the vessels from a single point ; 
he substituted cupolas for reverberatory furnaces, and 
last, but by no means least, introduced the intermediate 
or accumulative ladle, which is placed on scales, and thus 
insures accuracy of operation by rendering possible the 
weighing of each charge of melted iron, before pouring it 
into the converter. ese points cover the radical features 
of his innovation. After building such a plant, he began to 
meet the difficulties of details in man , among the 
most serious of which was the short duration of the vessel 
bottoms, and the time required to cool off the vessels to a 
point at which it was possible for workmen to enter and 
make new bottoms. After many experiments the result 
was the Holley vessel bottom, which, either in its form as 
patented, or in a modification of it, as now used in all 
American works,has rendered possible as much as any other 
one thing, the present immense production. 

Then he tried many forms of cupolas at Troy, adopting 
in the original — a changeable bottom, or section below 
the tuyeres, and developing this idea still further in the first 
5-ton works ; then later, at Harrisburg, assisting Mr. J. 
B. Pearse in developing the furnace to a point which 
rendered these many bottoms ;unnecessary, chiefly by 
deepening the bottom and enlarging the tuyere area. Geen 
his rebuilding the Troy Works after their destruction by 
fire, Mr. Holley put in the perfected cupolas. At this 
time the pow w was to run a cupola for a turn’s melting, 
which had reached eight heats or ms of steel, and then 
dropping its bottom. This was ly an increase of 100 

r cent. over his boast about the same amount in 24 

ours. 

The Cambria Works were now running, and Mr. Holley 
had become officially connected with them as consulting 
Bessemer engineer. Many discussions and consultations 
took place between George Fritz, Mr. Holley, and the 
writer, as to the possibility of increasing the product of the 
works. Among other things, tapping cinder from the 
cupolas was thought of, and decided upon. These works 
had already placed their turn’s work at nine instead of 
eight heats. The Pennsylyania Works, under Mr. J. B. 
Pearse’s management, followed with an increased produc- 
tion. The Cambria Works applied the cinder tap, and the 
eee went up to the unanticipated amount of 30 
heats, or 150 tons in 24 hours. G as we thought this, 
it is only about one-half of the present yield of each of 
several works. During all this time many details were 
modified, and as the new ways proved successful they were 
adopted into the regular practice. Ithink one thing which 
had a strong bearing on the increased production was the 
labour organisation of the Cambria Works. In com- 
pliance with the policy decided upon, I started the convert- 
ing works without a no man who had ever seen the 
outside of a Bessemer works, and, with a very few excep- 
tions, they were not even skilled rolling-mill men, but on 
the contrary were selected from intelligent labourers. The 
result was that we had willing pupils with no prejudices 
and without any reminiscences of what they done in 
the old country or at any other works. Of course when 


one works went ahead, the others had to follow. Mr. | fired 


George Fritz was the embodiment of push, and with such 
=a to call on as William R. Jenn, I. E. Fry, Charles 
Rennes . Santer Homilies, and D. N. Jones, his efforts 
ined the a and Cambria for a long time main- 
r. Z. S. Durfee tried at Leaps to fill an ingot 
— from the bottom, the steel bei poured into the top 
. an adjoining mould. Upon taking charge of the works, 
still further carried out this idea, and later Mr. John E. 
Fry and myself took out a patent on the process. At 
about the same time Mr. Holley, at Troy, was elaborati 
the same idea, and later, at Harris , carried it muc’ 
further and patentedit. After the starting of the Cambria 
Works the process of bottom casting was fully gone into, 
and Mr. William R. Jones’ improvements, since patented 








hasaright to rank among the prominent features of the 
American Bessemer practice. 

While I am not able to mention all the very many good 
things accomplished by the gentlemen at each and all the 
various works, Iam, at the same time, well aware they 
have all done their share towards achieving the great end ; 
and, fortunately, their respective relations have been so 
pleasant, that each one’s experiences have been freely im- 
parted to the others. This done wonders to advance 
the science. But without one element, all skill and all 
mechanical talent would have been wasted, and with it 
nearly all things haye been possible. That element has 
been, and’is—‘‘ American push. ”’ 








THE GUN TRIALS AT SPEZZIA. 


The Engineer of November 17 announced that the Ad- | adn 


miralty had despatched Mr. Barnaby, Chief Naval Con- 
structor, to Spezzia, in order to examine into results, and to 
obtain official details of the comparative trials recently 
made with the 100-ton gun against the steel and armour 
plated shield. It also expressed its opinion as follows : 

“‘The enormous and startling improvements both in 
artillery and armour plating, which are daily being made, 
most conclusively, we think, show the wisdom of the policy 
which has been adopted in our navy, and which we have 
consistently upheld, viz., that we should advance by slow 

e , and when we think we have got the type of the 
fighting line-of-battle-ship to build only one or two experi- 
mental vessels, instead of a large fleet, as we may be cer- 
tain that before the ee? is out some fresh improvement is 
sure to be made which will necessitate a new design. The 
Inflexible has been built to carry four 81-ton guns, and 
already the construction of a 160-ton , the size of which 
would prevent its being carried in the turrets of the In- 
flexible, is talked of. e are pleased that Mr. ——_* 
going to Spezia, but we doubt that steel is better t 
iron. ” 

The Diritto, which is the official organ of the Italian 
Government, after having, in its issue of the 25th of 
November, reproduced verbatim the article of The Engi- 
neer, just referred to, considers itself called upon to reply to 
the final remarks of The Engineer, and publishes some re- 
marks on the use of steel, based evidently upon official data, 
on the results obtained at Spezzia, and which bring into re- 
markable relief the great superiority of the steel as com- 

with the iron plates. This article is of value and 
importance on account of the evident reliability of the 
data on which it is based, and we therefore take the oppor- 
tunity of reproducing it. 

The results obtained with the trial of the 100-ton gun at 
Spezzia have attracted great interest throughout the naval 
bureaus of Europe, and we consider that the final opinions 
advanced by the writer in The Engineer are comparatively 
baseless. The problem for which a solution is sought to- 
day in the cuirassing of ships of war, is how best to pro- 
tect them against the effects of the shock of the enormous 
posteetiies which, projected with an extraordinary onerey 

rom heavy guns of large calibre, will have to be resis 
in future naval engagements, and against the convergent 
and simultaneous fire of other hea but of smaller 
calibres. The difficulties connected with the manufacture 
of iron plates of thicknesses greater than about 14in., and 
the consequent deterioration of the manufactured product, 
have hitherto led to a preference being given to armour 
built up of two plates, the thicker of which placed outside 
has sufficient strength to arrest, or nearly so, the heaviest 
projectiles at present forming the armaments of European 
navies (that is to say calibres of from 10in. to 14 in.). The 
inner skin of the ship is thus protected by the second and 
thinner armour plate, unless the shell should burst in the 
packing between the two plates, which would necessarily 
produce disastrous effects. The penetration of iron plates 
14 in. in thickness requires an energy in the projectile of 
230 foot-tons per inch of circumference, and only the heaviest 
calibres have hitherto been able to effect this, imparting as 
they do a striking energy of about this amount. So that 
in the presence of 12 in. or 14 in. calibres the adoption of 
this form of armour has been entirely justified. 

In the experiments against the targets recently conducted 
at Spezzia, the projectiles from the 100-ton gun a a 
mean striking energy of 550 foot-tons, and those of the 
18-ton and 25-ton guns an energy of 170 foot-tons per inch of 
circumference. The outer iron plate of the compound target 
at Spezzia was 12in. thick, to perforate which, according to 
Noble’s formula, would rene a somewhat less force, and 
the recent trials with the 18-ton gun entirely confirmed this 
pany the projectiles possessing only the force actually re- 
quired.to pierce the outer plate ; this force being thus ab- 
sorbed, the shots were of course stopped without producing 
any further destructive effects upon the target. The pro- 
jectiles fired with an ——- of 230 foot-tons per inch of cir- 
cumference, fired separately as well as simultaneously and 
converging, produced naturally effects very similar to those 
against the heavy 22-in. iron and the steel plates. 

Invariably, however, totally different effects were pro- 
duced by the projectiles from the 100-ton gun, which were 
fired, as has been "ys 9 Lemmy with a velocity representing 
an average of 550 foot-tons per inch of circumference. The 
thickest iron plates forming the target should have been 
according to Noble, easily pierced by the projectile endowed 
with sucha peo bapa ms and they were pierced completely. 
No reference need be made here to the compound target, 
which required only 275 foot-tons per inch to penetrate it ; 
while the shot from the 100-ton gun possessing twofold this 
force had, as the experiments showed, a very — excess 
power. On the other hand, the untouched steel plate, and 
on Career el th ellen the 100-4 ton 

com e rom the 100-ton 

» cnt “tvs ponereed the inner wall of the ship. 
The ults of these rounds, and especially of that one fired 
against a fragment of the target, much smaller than the 





of | New Zealand has agreed 


original plate, and which moreover was only hanging to the 

ing, proves undoubtedly the superior pamusge B ngenes 
of steel as compared with iron. Thus the same plate re- 
sisted one round from a 9.8 in. calibre gun, with a striking 
force of projectile of 162 foot-tons per inch of circumference : 
two simultaneous rounds from the 9.8in. and 11-in. gun, 
with a striking force of about 170 foot-tons for each pro- 
ie and one round from the 100-ton gun. After sus- 

ining these three rounds, the backing was quite p 

without the skin of the ship sustaining serious en The 
ag end of the projectile striking the iron plate acted 
ike a wedge, rolled the fibres of the iron bac: laterally, and 
in destro by the vibration produced the welding between 
the layers of iron — the plate—an effect very visible 
at the Spezzia trials—and the projectile thus opens a way 


_| for itself through what can only be considered as a series 


of plates in close juxtaposition, but with only imperfect 


erence. 
Steel plates, which are constructed of a compact metal 
are homogeneous, of an equal and constant resistance in all 
directions, and present quite a different nature of re- 
sistance to the pointed head of the projectile, which striking 
acompact mass cannot penetrate with the same facility. 
and finding no fibre it can throw back it is broken up, and 
tends to act like a wedge ; in consequence of the rupture of 
the point, the shot is img ony producing an effect which, itis 
true, damages the plate, but thanks to the uniform com 
ness of the metal of the plate, the penetrating effects of the 
—_ are destroyed. Progress in the science of artillery 
been constant and rapid. The 100-ton gun has already 
thrown a projectile with a striking force of 550 foot-tons 
inch of circumference, and this be will shortly inc to 
730 foot-tons. In England the facilities for building heavy 
guns weighing 160 tons, and even 200 tons, are being dis- 
cussed, which will be able to impart a far higher striking 
force to the projectile. 

Iron plates, even of enormous thickness, must remain 
powerless to resist such formidable assaults. Steel alone 
is capable of opposing itself to shocks of these tremendous 
magnitudes, and the manufacture of the heaviest armour of 
whatever kind, is possible and attended with certainty, with 
the powerful means at the disposal of the metallucgist, and 
with the certainty of obtaining always a perfectly uniform 
metal. The struggle between guns and armour has possibly 
reached its limits, since the experiments at Spezzia have 
shown the possibility of opposing to the ever increasi 
power of artillery a shield which can destroy its hearin’ 
projectiles. 





FOREIGN AND COLONIAL NOTES. 


Locomotives on the Madras.—The expenses in the loco- 
motive department of the Madras Railway were very heavy 
during the first half of 1876, the time having arrived when 
many of the engines are egneans fom to require 
frequent repairs. The cost of these repairs is augmented 
in regard to the engines, — the difficulty experienced 
in sparing them for a thorough examination and renewal. 
Out of 107 engines available for general c 93 are in 
daily use, and the locomotive superintendent states in his 
report that 36 were repaired during the first half of this 
year, while 33 were awaiting repair June 30. The present 
suppl of engines is inadequate to the work to be performed, 
and the old type of construction is not of sufficient power 
to draw has & heavier a. “3 required ; desi are 
acco ly being prepa or new engines of a more 
a type. ‘There has been a considerable decrease in 
the cost of the fuel consumed, and a f r improvement 
is anticipated in future half-years in this respect. 

Long Rails.—The South Italian Railway Company has 
ordered experimentally 1000 tons of rails to ft. in length. 
These rails are expected to present ter stability; a 
saving is also looked for in the matter of fishplates. i 
30 ft. in length are now in use between Liége and Namur, 
and the result has been satisfactory. 


English Steam mp and the Southern States.—An 
English Company is stated to , have a to Governor 
Smith, of Georgia, to put on a first-c line of steamships 
between Savannah or Brunswick and Liverpool, and to keep 
them running steadily, provided the State will give a bonus 
of 50,000 dols. for three years. 


French Rolling Stock.—More rolling stock is being 
ordered for the great French railways. us the Orleans 
has given out an order for 2000 trucks; the Paris, Lyons, 
and Mediterranean has also ordered 6000. 


New South Wales.—An official calculation shows that at 
the close of June, 1876, New South Wales had a population 
of 617,166. The colony will complete 90 years of existence in 
January, 1877 


. The ee a a Aen Cusel route ai now ye : 
24 ines of steamers employing vessels, 0: 
ps aggregate burthen of 509,447 tons. The company which 
employs the greatest number of vessels on this route is the 
Peninsular and Oriental with 46; the Messageries 
Nationales a and the Austrian Lloyd’s have each 
18. Small lines of German, Spanish, Italian, and Russian 
steamers also pass through the canal. With to the 
itineraries of the different steamers, 17 run to the Red Sea 
and the Persian Gulf; 62 to Bombay; 60 to Colombo, 
Madras, and Calcutta ; 5 to the Mauritius and Réanion ; 
62 to Cochin-China, China, and Japan ; 5 to Rangoon and 
Burmah ; 5 to the Philippines and, 18 to the Dutch Indies. 
The Australasian Mails.—The Legislative Assembly of 
to the following resolution pro- 
pened by the Postmaster-General: ‘‘ ‘T'hat the mail service 
direct from San Francisco to Sydney, calling at 
Honolulu and Auckland or Bay of Islands; tha 
service be performed by 10-knot boats, and that the annual 
contribution of New Zealand be reduced 75001. if 





Wy , 
calling at Auckland, and 10,0001. if at the Bay of Isiands.’”’ 
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NOTES ON TORPEDOES.—No. XIV. 


‘WE are by no means sure that the system of tor- 
pedo defence as adopted by the British Government 
will not be found very far from effective in many 
of its important details when it comes to be prac- 
tically applied for the defence of a river or channel, 
especially when the river or channel in question is 
wide and e , the currents strong, and the rise 
and fall of the tide excessive. And we are, further, 


inclined to believe that many of the experiments 
ordained and carried through by the Royal Engi- 
neers belonging to the Chatham School of Submarine 
Mining, are not only of no practical use, but on the 
much the reverse. How far our 
on actual facts, and how far on 


> 


contrary are — 


opinion is bas 












































that there was no perceptible waste of electricity 
caused by the current ——s to earth through the 
shattered end of the cable belonging to an exploded 
charge, each of which points could have been fully 
tested on a much less expensive scale. But as we 
have already intimated, the principal feature of the 
pro e, the coup de grdce as it were of the day’s 
ormance, consisted in the blowing up of a raft 

. means of a torpedo. This raft, on which were 
placed a number of dummies to represent soldiers, 
was towed along by a small tug-boat towards the 
spot where it was generally sup the fatal tor- 
edo which was to bring about its destruction had 
Ccongineed. Wedesignedly use the word “‘sup fe 
because actually the torpedo was affixed to the bot- 
tom of the raft, and exploded from the tug-boat 


Buoyant Charge. 


















































mere supposition, may be judged from the following 
incident which relates to an experiment that took 
place in the Medway, its object being the destruc- 
tion of a raft. The officials at Chatham had received 
advices from the War Office, stating that on a given 
date the Duke of Cambridge, Commander-in-Chief, 
- a aes suite 0 — and ae 
, e latter being many foreign attachés, an 

officials of various aol ves the “School” 
for the Furpose witnessing a series of torpedo 
trials. e day specified arrived, as also did the 
expected visitors, who mustered in t force, 
Owing, perhaps, to the weather which was beauti- 
fully fine. The usual preliminaries having been gone 
h, the business of the day commenced. One 
experiment which is worth ing consisted in 
firing consecutively a line of mines placed at a safe 
Gotanes from each other, and exploded at the will 
Of an operator stationed on shore; of course no real 
pre ripe of a practical nature can be attached to 
‘0, an experiment, inasmuch that it merely served 
show that the insulation and fuzes were good, also 

















ent of two 


by means of the very simple 
insulated wires and a voltaic battery. On the raft 
arriving at a favourable spot—that is to say in full 


view of the e t visitors—the charge was 
ignited, the shock tearing the raft asunder, and hurl- 
ing the ‘‘ dummy ” sons of Mars into mid air, much 
to the = of the spectators, who, on the con- 
clusion of the trial, went their way no doubt fully 
impressed with the efficiency of our system of sub- 


pore perchwery pee ah ‘a high es 
respect for the energetic officials been 
entrusted with its i 


development, 
The utter a ity of attaching any importance 
whatever to such experiments as that above de- 
scribed must be at once apparent ; and not only are 
they unimportant, but are, idering the wide 
field that yet remains ly practical 
investigation, blamable in the extreme. » 
In the approved system of mooring submarine 
mines two individual connexions are employed 
between each circuit-closer and charge, a | of 
Bessemer steel wire rope for securing the buoyant 


vessel to the mine, and a length of single core 
electric cable for establishing voltaic connexion 
between the mechanical circuit-closer enclosed in 
the buoyant vessel, and the fuzes for igniting the 
charge. Now it is well known that light buoyant 
vessels when moored in tidal waters are in a state 
of continual motion, hence it follows that a certain 
amount of chafing of the cable against the wire 

must be continually going on, to the detriment, of 
course, of the former, the insulating covering of 
which would in course of time be worn through, and 
socause the battery to make earth independent of 
the mechanical circuit-closer. To us it seems that 
the simplest and most effective way for obviatin 
this difficulty would be to make the cable of sufi - 
cient strength to perform the additional functions of 
@ mooring rope. 

Another — of demerit in the present system of 
mooring is the inefficiency of the anchor or mooring 
— which, owing to its insufficient weight, cannot 
be depended upon for retaining the charge, to which 
ition ; this fact has been 
practically demonstrated by a torpoda, laced in the 
water for experimental p ing found, when 
required to be token wpa, 26 Some distance from 
the spot where it was originally moored. When we 
consider the confusion and hopeless wreck of a line 
of obstruction that would be occasioned were the 
charges to drift one into another, we are inclined 
to think that economy in this direction, either as 
regards labour or the weight of material used, is 
altogether misplaced. 

Figs. 55 and 56 of our illustration represent the 
class of anchors employed for mooring buoyant and 
ground charges. Fig. 55 is, in point of fact, 'a rect- 
angular block of cast iron hollowed at one side to 
suit the curved side of the charge case to which it 
is secured by means of saddle chains (see Fig. 58), 
having four wrought-iron bolts and nuts attached, 
one to each extremity of the chains. In order to 
secure the anchor to the charge case, the nuts are 
first removed from the bolts and the chain thrown 
over the body of the case, which should be laid on 
the anchor in such a manner that the wrought-iron 
lugs rivetted to the sides of the case shall rest in 
the two small cavities A A—this precaution is to 
rb the anchor slipping while the charge is 

ing lowered into position. The bolts of the saddle 
chains are then passed through holes in the four lugs 
BBBB, the nuts put on, and the chains drawn 
tight. In making these chains they should be care- 
fully measured to see that they span the case 
properly. ‘The weight of the anchor, which is only 
intended for 250 lb. ground charges, is 3 cwt. 
Fig. 56 is what is called a ‘‘ mushroom” anchor, and 
is used for mooring buoyant charges ; these anchors 
or ‘‘sinkers” are lowered into the water by means 
of two ropes attached to the two eyes CC; these 
ropes through a sheave in the ends of a davit 
and thence to the capstan; a 32-ft. pinnace will 
be found sufficient to lower an anchor or mooring 
lump weighing 20 cwt, 

Fig. 57 is a three-legged mooring chain used for 
mooring buoyant charges and appre ned 
charges into position ; the chains are attached to the 
wro mgmt sg “ the torpedo cases by means of 
shackles see Fig. 65). 

igs. 52 and 53show the method of mooring ground 
and buoyant charges. A is the circuit-closer, B the 
charge, C the electric cable, D the anchor, and E the 
Bessemer steel wire rope. Fig. 54is a diagram show- 
ing the method of connecting up a charge and circuit- 
closer, so as to allow of the mine being exploded either 
by the contact of a passing vessel with the buoyant 
circuit-closer or from the shore by observation 
both systems of firing being in operation at one and 
the same time. A is the firing battery, supposed to 
be located at the firing station, though shown on 
the di in proximity to the B the 
signalling battery, C electric fuzes, D shutter appa- 
ratus, E circuit-closer, F charge of compressed — 
cotton. In this arrangement the voltaic current 8 
from thesi battery through the et 
coils of the shutter instrument out along the cable 
to the and to the circuit-closer ; at the cir- 
cuit-closer the circuit is broken by the small space 
intervening between the contact disc and contact 
springs, whi at the charge the resistance offered 
by the fuzes is greater than the electro-motive force 
generated by the battery. Consequently the circuit 
remains y unbroken until the indicator arm 
is dropped by the contact of a passing vessel with 
the buoyant circuit-closer, when the indicator arm 


it is affixed, in a given 





in falling, switches in the firingjbattery which havin, 
a much higher electro-motive force passes to earth 
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through the fuzes and so explodes the mine. It 
will be eppesent, therefore, that in order to explode 
&@ given ge, all that is necessary is to drop the 
in arm, no matter how, connected with that 
cular mine, hence the advantage of the system. 
Fig. 59 shows a plan and end elevation of a single 
core junction box; the use of this box is, as its 
name implies, to form a junction between two lengths 
of electric cables, protecting the ps sau joint 
from injury, arising from strains or other causes, 
The boxes are of cast iron made in two halves and 
clamped together by means of four bolts. In makin, 
the joint the extremities of the cables to be conn 
must be formed into ‘“ turk’s-heads” in the same 
manner as described in a previous article, leaving 
asufficient length of the insulated core projecting 
to unite them ours Ay the box; bare about 2 in. 
of the wires, carefully scrape and solder them to- 
gether, after which insulate the joint with india- 
rubber tape and solution, clamp the two halves of 
the box together, and the connexion is complete. 

Fig. 64 is a “‘ T” junction box ; materially it is the 
same as the one above described, differing only in 

to its form, It is principally used in Mathie- 
son’s contact system, to be hereafter described, but 
is convenient in all cases where it is required to 
branch a cable out at right angles to a given cable. 

Figs. 60, 61, 62, and 63 represent different views 
of the multiple junction box wherein the seven-core 
cable terminates, and from which the seven single- 
core cables leading to the several charges branch, 
The body of the box A is of cast irdn and the cover 
B, of thin wrought iron, is secured to it, when all the 
connexions are completed, by means of. a wrought- 
iron bolt ing completely through it and secured 
underneath by anut. The cables have each ‘“ turk’s- 
head” extremities, and are held in position by means 
of grip hooks passing vertically through the sides of 
the box as shown at D. 

The lengths of cable that are to branch from the 
multiple junction box to the several eae forming 
& group, should be cut from 3 ft. to 6 ft. longer than 
the actual length required to allow for slack, and an 
additional 18 in. should be allowed for jointing. 





THE STEAM TRIALS OF HER 
MAJESTY’S SHIPS.—No. VI. 
* COMMISSIONED” TRIALS. 

Tue trials which are so designated were intro- 
duced about four years ago. . Goschen, then 
First Lord of the A ty, in his speech intro. 
ducing the Navy Estimates of 1872-3, said that in 

uence of certain allegations made by Admirals 

Elliott and Ryder, to the effect that if our ships 

were tried at full power the present complement of 

stokers would prove insufficient, orders had been 

ven for the erophon and Sultan, two of the 

ships then in the Channel Squadron, to pro- 

for 24 hours under full steam at the highest 

of which they were capable, in order to show 

they could be worked with their then comple- 

ment ae eg 8 Hes added that it ons oe oe 

ity of these ships keeping up. a high spe 

g several consecutive days 4 it weal also test 

their relative s ; and it would train the engine- 
room staff to the performance of their duties. 

That is to say, Mr. Goschen declined to accept 
the opinions of experienced officers like Admirals 
Elliott and Ryder, and determined to inaugurate a 
class of trials of doubtful advantage. We 
then with Mr. Goschen, we disagree now ; we have 
long anticipated some such order as has since been 

, reco, 
continuance in certain cases 
beginning of the end of such full power trials. Of 
the several reasons advanced by Mr. Goschen, or 
rather by his prompter, for first lords cannot trouble 
themselves much personally about a thing of this 
kind, one only—that of training the staff—has the 
slightest weight; and that could be atiained by a 
trial much below full power without involving 
an like full power wear of men and ma- 


ery. 
Mr, Goschen proposed to show that the complement 
of stokers was sufficient. It was and is notorious, that 


; and we hope this is the 


the complement is not sufficient in large ships for| oi sion 


continuous full power steaming; and surely there 
were ienced professionals enough at hand of 
whom /Ais information could have been ascertained 
without involving the expense and injury of that trial. 
As for the relative speed of the two vessels just men- 
tioned, they had been tried at the measured mile 


gnising the necessity for their dis-| and her 


Deptford Yard, { Report of the Reserve 
August 31, 1875, { made when she was Co: 


te FORM.—H 355. 
paleieusd antl eaein nee the Full Power Trial of Her Majesty’s Ship Stemfirat 


Circular No. 52 S, of 7th September, 1872. 





Date oftrial .., eee 
Where the trial took place 
Duration of trial in hours 


vo eee 


al August 30, 1875 
=| Off the Nore. 





Report of the Inspector of Machinery, or Chief from 
and watched Pe cbhaetaben te naan 
We are of opinion that the trial was satisfactory in every way. 


Ohief Engineer for Chief Inspector 
O. Puanson, { i’ Machinery Afloat, 


The Secretary of the Admiralty, D Branch. 


the Reserve, and the Engineer from the Dockyard, who attended 


it was satisfactory :— 


R. STEVENSON, {rae D. for Chief Engineer 
Forwarded, T. YELVERToN, Superintendent. 





#LM.S. Ste: ? 


SPECIMEN FORM.—S 299. 
August aT 5 Report of Full Power Trial at Sea. 


(Circular No. 52 S, of 7th September, 1872.) 





Date of trial ... eco 
Where the trial took place eco 
Draught of water in ead 
Duration of trial in hours 
Total distance run oe 
Average speed 


Average number of revolutions per minute 
Average indicated horse power* on 


Total consumption of coal during trial .., 
Consumption per I.H.P. per hour ee 
Consumption per knot... ooo 
Description and quality of coal used 


Force 
Wind { Direction 
Course of the vessel 
State of the sea ooo 
State of ship's bottom .., 





A it 30, 1875 
the Nore, 
17 ft. 6 in. 
21 ft. 6 in. 
6 hours. 
93.9 knots. 
15.65 
Starboard. Port. 
67.0 | 67.6 
1995 LH.P. 2065 I.H.P. 
Total 4060 
38.35 tons. 
ad 3.52 Ib. 
p= 8.17 cwt. 
«| wo-thirds Davis Merthyr and Powell's Duffryn 
mixed with one-third West Hartley. Quality ex- 
pressed in Nos. 8. 
° N.W. by W. 
m N.E, by E. and W.N.W. 
oe m100 
Somewhat dirty. Clean 25th June. 








the trial 
tained from the crew, are to be inserted here:— 


Twenty men were told off from the crew to 
E. FAIBLis, Captain of the Ship. 


To the Secretary of the Admiralty, D Branch. 


Remarks by the officers of the ship as to the performance of the engines and boilers; what defects were discovered during or after 
; quality of coal; manner in which the duty was performed by engine-room complement; and what assistance was ob- 


The machinery worked satisfactorily. No defects during or after the trial. Coal of good quality. 
The stokers were employed in two watches, because the number of first-class stokers in the complementis not sufficient to permit 
of their being told off into three watches when — at full power 


G. Huntmr, Chief Engineer of the Ship. 





Aleat 


diestee to be noted, a the power marked on the diagram to be 
was every reason to believe that the Sultan retained 
the advantage. And so it proved. 
It is reported that on the trial the stokers were 
worked in two watches, four hours on, four 
hours off—that, however, would’ not do for con- 
tinuous steaming ; seamen had to be sent from deck 
to assist in trimming the coal ; and at the end of the 
trial the Sultan had left the Bellerophon far astern. 
The instructions issued shortly after the Sultan- 
Bellerophon trial, together with the further instruc- 
tions issued subsequently, leaving the trials optional 
in certain cases, are contained in the following cir- 
culars : 
Instructions relative to egy by Engines of Co m- 

missioned Ships at t Power. 

Circular 528. September 7, 1872. 

The Lords Commissioners of the Admiralty are pleased to 
issue the following directions for the purpose of insuring that 
the engines of Her Majesty's ships are kept 
order, and of giving — of trai t 
room complement in working the engines at 
1, The engines of all ships i issi 
sea, are to be worked at 





in ient 


as ma 
first hour or two, owen, tho 





twelve months previously ; the Sultan's was 
then 14.134 knots, Bellerophon's, 13.904; and there 


taken every hour di the trial 





about three-quarter power, 
full power, and the lubri 


is to; be forwarded with this Report. The scale of the ine 
t developed in each cylinder. 


be carefully attended to in order to avoid the risk of hot 


7. Skip are not to be taken out specially for making full 

nara, omen for the first time in a commission, as 
Fireoted in par. 2, but advantage is to be taken of suitable 
occasions in favourable weather when passages have to be 
made on regular services. 

8. It is by their lordships that the engines and 
boilers will be kept in such good order as to render 
them fit for making a full power trial at any time; but such 
parts as stuffing boxes, escape valves, air and feed 

p valves, and main i which sometimes give 
and 


pum 
trouble during a long trial at full power, should more 
especially be watched, alwa; oar > oes ane & 
insure satisfactory results being obtained. 

9. Ships employed on Coast Guard Service are to have 
their engines worked at full power for not less than twelve 


hours once each durin summer cruise. 
10. The following particulars of the full power trials are to 
be forwarded as special returns: . 
Where the trial took place, 
Date of the trial. 
Duration in hours. 
_— distance run. 
verage speed. 
Average number of revolutions per minute. 
Average indi horse power. 
Total consumption of coal during the trial. 
Consumption per ae horse power per hour. 


Consumption kno 
Description end quality of coal. 
Foree and di of wind. 
Course of the vessel. 

State of the sea. 

Draught of water {7erwerd 
State of ship’s bottom. 


Remarks as to the performance of the engines and boilers, 
what defects were discovered during or after the tri “quality 
of coal, manner in which the duty was perf yy the 
or. room complement, what assistance was obtained from 
crew, &c. 
N.B.—The instructions for ships in commission are not to 
interfere with the existing regulations for the trials of ships 
in the Reserve. 

8. April 24, 1875. 
With reference to ve circular their 


a 
i 
ut 
if 
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PUNCHING MACHINE FOR PLATES AND ANGLE IRONS. 
CONSTRUCTED BY MESSRS. W. B. BEMENT AND SON, ENGINEERS, PHILADELPHIA. | 


boilers or machinery, or from temporary causes, which will 
be remedied. 

These trials are thus entirely in the hands of the 
officers of the ship. The stokers ens to the 
ship “| the fires going, assisted if need be by 
others of the crew to get the coal out of the 
bunkers ; and the coal used is that which happens 
to be on board for the ordinary work of the ship. 
Indicator diagrams and other records are obtained 
hourly or oftener; the indicators used are those 
su to the ship for ordinary use, and they may 
be, but seldom are, Richards’s. In all respects the 
trials may be taken as showing the utmost that can 
be done with the men and material on board. 

The coal is brought from the bunkers in buckets ; 
trustworthy men being told off to keep an account 
of the number into the stokehole, and to 
weigh as many of the filled buckets, say one in ten, 
as are sufficient to give the average weight of the 
whole, At the got the trial an estimate is 
made of the —— of coal ready for use in the 
stokehole, I vo | be kept about the 
same during the trial, provided the fires are in 
about the same condition, the coal used a? 
simply that oy from the bunkers hourly ; but 
if there be any difference at the end of each hour 
an allowance is made in calculating the hourly 
aces. It will probably always happen that, 
with ordinary care during continuous hard steamin 
like this, the quantity of coal on the plates, as w 
as the condition of the fires, continues practically 
the same. 

The first of these trials takes place when the ship 
is finally fitted out and in other respects ready for 
sea. It is of six hours’ duration only; and the 
Dockyard and Steam Reserve Officers are present to 
watch the trial but not to takeany in the manage- 
ment, In fact, their dutyis to see that the machinery, 
which, previous to the ship being commissioned was 
in their care, is fit for service at sea. In this respect 
we would state that our remarks condemnatory of 
these trials are not intended to apply to this the 
first of the series; yet even here we would be very 
~ ehary of the duration and fulness of the full power 
working ; and would limit it to that n to 
show that the machinery is fit for any work it may 
uave to do. 

We give herewith specimens of the reports of these 





(For Description, see Page 544.) 














trials sent into office. Form H 355 (see 
is only sent in when the ship is tried for 
time, and has the Steam 


536) 
e first 
rve and Dockyard 
Officers on board ; S 292 (page 536) is filled up and 


sent in by the officers of the ship after all trials of 
this kind ; while S 266 (see page 537) is the record 
made in the engine room register, which is sent into 
office in the usual course at the end of the quarter. 

With reference to H 355, it will be observed that, 
in addition to the date, place, and duration of the 
trial, it simply requires an expression of opinion as 
to whether the trial was or was not satisfactory ; 
and our readers will agree with us that the expressed 
opinion conveys no more and no less than under the 
circumstances was necessary and sufficient. 

The details of the Report of Trial, S 292 (see page 
536), are for the most abstracted from the 
engine room register. one respect there is a 
slight difference. The engine room og measures 
the “‘ economical” result of the trial in knots run 
with one ton of coal; the Report of Trial presents 
it in the form of cwis. of coal used knot. We 
may | wr ae in both cases Pes coal here referred 
to is that for propelling the ship after the steam 
is cP and the tia has commenced er 

, og of the engine room register con- 
taining the hourly stele of the trial illustrates 
fairly the manner in which this record of the steam 












































de ent is kept on board Her Majesty’s ships. 
e have purposely omitted all details of revolutions, 
pressure, vacuum, &c., before and after the trial, 
and we would add that during ordinary cruising, as 
is shown by the headings, the records are in most 
cases made at intervals of four hours. 

We may also explain that the numbers of revolu- 
tions wd minute are obtained from the numbers 
shown by the counters for each hour; and that the in- 
dicated horse power is calculated from the revolu- 
tions thus obtained, and the mean pressure shown 
on the diagrams. Generally, the number of revolu- 
tions per minute when the di were taken was 
slightly in excess of the average ; but the difference 
is so slight that there can be no appreciable error in 
the horse power calculated in this way. 

The “ distance run with 1 ton of coal” is obtained 
by dividing the number of knots run during the trial 
by the number of tons of coal used mel weeny the 
= over that distance, excluding altogether the 

previously used for lighting , getting and 
keeping up steam, &c. That is 
93.9207 =2.45. 


In calculating the quantity of coal used an allow- 
ance of probably not less than 5 per cent. in the 
exact quantity used is necessary on account of waste 
and loss. A great part of this is explained by the 
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GRAIN ELEVATOR AT CANTON, MARYLAND, U.S.A. 
DESIGNED FOR THE NORTHERN CENTRAL BAILROAD OF NEW JERSEY, BY MR. W. B. REANY, ENGINEER, PHILADELPHIA. 
(For Description, see Page 542.) 
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actual loss in weight which takes place between 
weighing the coal info the ship and weighing it out 
of the bunkers; and'the rest is due to the loss of 

ust or small which happens to get blown or swept 
away. That is to say, the 38.35 tons reported to 
have been used on the trial of our imaginary ship is 
not the actual weight of the coal then put on the 
fires, but the probable weight of that coal when re- 
ceived on board. When the coal is used imme- 
diately after being put on board, or used as supplied 
for the measured mile and deep-sea trials, roy om 
to the ton, there is no need to make any such allow- 
ance ; but when used from the bunkers, where it has 
been stowed for two or three months or even less, 
the allowance is quite necessary. 

One further remark and we have done with ‘‘ com- 
missioned” trials, It is not customary to require 
ships to make a ‘‘ first commissioned” trial of six 
hours when they have so lately made the ‘“ deep- 
sea” six hours’ trial, But in the case of a ship of a 
peculiar design, or where a marked difference is 
made in her draught or trim after the contract trials, 
as in our i i vessel the Stemfirst, the “first 
commissioned” trial would be carried out. 





THE ORIGIN OF MOTION,.—No. XII. 
1. In this - concluding yon the series, _ 
urpose to define in a more special manner the 
Cod we have taken up in bringing forward the 
subject of these articles, and to give a brief summary 
of the results arrived at. First it may be said by 
some that before treating of the functions of the 
ether and its purposes in nature, the discovery of new 
facts is necessary. To this we reply that in physical 
science the knowledge of facts is far beyond that of 
causes, and that a vast array of facts accumulated 
through years of experiment already exists as a basis 
from which to draw practical deductions. A bare 
glance round at physical phenomena will suffice to 
rove this point. ‘To take the science of chemistry 
or example. Here we have a vast collection of facts 
accumulating every year, without the determining 
cause being in any one case known, or there is no 
regulating principle recognised by which the various 
complex movements and actions of molecules can be 
conceived to be guided and governed, nothing is 
determinable beforehand, but everything ,would 
appear as it were to be governed by caprice. Will 
she discovery of additional reactions throw a light 
on this subject, or is it not time to commence to reason 
on the causes of these phenomena now ? ‘Take 
the science of electricity. Here we have a large 
collection of facts, indeed it would perhaps 
be not presumptuous to assume that the /unda- 
mental facts of this special branch of science 
are known; yet the very nature of electricity itself 
is not determined. Is it not time that a definite 
solution to this question should be attempted, or 
shall we be in a materially different position to do so 
fifty years hence than now? Again, the science of 
optics represents a large accumulation of data to 
reason upon, some of which have been explained up 
to a certain point ; indeed the undulatory theory has 
served to explain many facts in a most beautiful 
manner, 80 as to place beyond question the truth of 
this theory, yet we havethe anomaly that the physical 
constitution of the ether itself which forms the whole 
basis of the science of optics has not yet been fixed 
upon, Can it be said therefore that it is too soon to 
inquire into this question ? 
2. Since the rejection of the theory of ‘ action at 
a distance” is the indispensable condition in order to 
render it ible to give a rational explanation of 
physical phenomena, or to afford an insight into the 
* process by which physical effects are brought about ; 
and since by the rejection of this theory a physical 
agent must inevitably be looked to as concerned in 
. the various motions and actions of matter (to which 
: the theo?ty of ‘action at a distance” has been ap- 
plied), the everywhere present ether therefore 
naturally suggests itself as the physical agent con- 
cerned in the various actions and movements of 
matter, and therefore the problem as to the con- 
stitution of the ether-becomes a problem of great 
practical interest. This, therefore, is the problem to 
which we have set ourselves to find a solution. It will, 
perhaps, be said by some that it is presumptuous in 
a non-mathematician to attempt to solve this pro- 
blem, and to treat of the physical qualities of the 
ether and its purposes in nature. To this we reply 
that the origination of a new theory is foreign to 
mathematics or the thinking out of a new scheme is 
a thing apart from mathematics, though mathe- 
matics may be applied afterwards with advantage 





ENGINEERING. 
to its further development and application. As 
re this point Faraday in his well-known paper, 


‘On the Conservation of Force,” says: “T do not 
— that a mathematical mind, simply as such, 
any advantage over an equally acute mind not 
mathematical, in perceiving the nature and power 
of a natural principle of action. It cannot of itself 
introduce the knowledge of any new principle.” 

8. With profound deference to the mathematician, 
it may yet be said with truth that the non-mathe- 
matical worker has his part to play in physical 
investigation, and the co-operation of aii phases 
of mental capacity is desirable in the interests of pro- 

. The fundamental question as to the admis- 
sibility or not of the theory of “ action at a distance” 
for example, cannot be dealt with by mathematics. 
It would of course be futile and idle in us to under- 
value mathematics, and we would respectfully invite 
the co-operation of all. Without wishing thereby 
to arrogate anything to ourselves we nevertheless 
think it due to our readers to mention that the sub- 
jects dealt with in these articles have occupied our 
careful attention for some years, and we need 
scarcely add that the conclusions brought forward 
are the result of much thought. We are sure we 
need not guard ourselves against any imputation of 
attempting to contest established facts, but our 
object has been to work in the path of progress by 
endeavouring to explain and generalise known facts, 
and in differing anywhere with prevalent theories, 
it is with due deference to the opinions of others. 
Weare fully aware of the great difficulty in obtain- 
ing a hearing without the passport of some new ex- 
perimental discovery to attract attention, but if this 
were an indispensable condition, or if it were neces- 
sary to bring forward a new fact before attempting 
to explain an old one, it might be necessary to wait 
a long time before progress was made in generalising 
and showing the causes of the vast mass of facts 
already accumulated by experiment, 

4. It would appear beforehand reasonable to con- 
clude that the po as the most widely diffused agent 
in nature, and pervading all matter, would be con- 
cerned in a most intimate manner with the move- 
ments and actions of matter, and that the ether 
would probably afford the missing link, the neglect 
of which renders so many phenomena of nature 
totally a and that, therefore, by its re- 
cognition a key would be found to numerous phe- 
nomena at present inexplicable. It appears only 
reasonable to conclude that where so many phe- 
nomena in all directions remain unexplained, one 
key only would be the thing required, for if it were 
a case of several keys, some of them would inevitably 
have been found, and so many phenomena would 
not have remained inexplicable. It cannot also be 
doubted that the influence of the theory of ‘“ action 
at a distance,” by diverting the attention of many 
minds from the investigation of -the causes of phe- 
nomena, has caused the ether to be lost sight of, 
and has greatly checked progress ; and, therefore, 
to this influence of the theory of “action at a dis- 
tance” is to be attributed the anomaly of the great 
disproportion of the number of facts known over 
that of causes. It would appear only @ priori 
reasonable to conclude that the ether as an agent 
universally diffused should have some higher purpose 
in nature than the mere subsidiary one of trans- 
mitting waves. 

5. In treating of the functions and purposes of the 
ether, it has been our object to reason down from a 
basis of experimental facts, and to keep speculation 
within due limits. At the same time we cannot 
avoid referring to the apparent inconsistency, that 
those who are the most disposed to deprecate 
speculation are those who — “action at a 
distance,” i.c., precisely that school which by sup- 
portiog a theory (the theory of “action at a dis- 
tance”) of which it may be truly said that it rests 
upon no rational basis whatever — thereby forms the 
very acme of speculation. Although this theory is 
obviously losing ground every year, and is already 
very generally abandoned by the most advanced 
minds, still we submit that it cannot but be re- 
garded as an inconsistency that it is not more 
openly discountenanced in the general literature of 
science than one finds to be the case, and the 
counter conclusion more brought forward, It is to 
be observed that by the rejection of the theory of 
‘‘action at a distance,” but ove conclusion is possible 
regarding natural phenomena, viz., that the motions 
and actions of the masses and molecules of matter 
that we observe around us, are due to and determined 
by a physical agent ; for it must be obvious that if 
a mass of matter cannot act upon another mass 





across empty space, a physical agent must be con- 
cerned in ‘this action; and, therefore, the ether as 
the agent everywhere diffused naturally presents 
itself as the agent concerned in the various move- 
ments and actions of matter. It might be said 
that it is conceivable that some ofher agent than the 
ether is concerned in these phenomena, but surely it 
is well to keep Newton’s “first rule of reasoning in 
philosophy” in view, viz., ‘‘ We are to admit no more 
causes of natural things than such as are both true 
and sufficient to explain their appearances.” To 
look to ¢wo ethers would be surely a violation of the 
simplicity of nature—much like looking to two 
motive springs to a watch. Before we look to two 
ethers it might be well to inquire whether one is 
not sufficient. It may be observed that simplicity 
in physical processes, as in the processes of me- 
chanism generally, is not a caprice but a necessary 
condition to orderly working. 

6. Since, therefore, it is inevitable that a physical 
agent must be concerned in the motions of matter by 
the rejection of the theory of “ action at a distance,” 
we submit that it cannot but be classed as an 
anomaly that this fact is not more generally 
recognised, and the importance of the ether more 
brought forward and inculcated, for if the theory 
of ‘action at a distance” be professed to be 
abandoned, why, therefore, is not the only alternative 
conclusion of the action of a physical agent more in- 
sisted on and brought into view? Thus, for example, 
to take the common occurrence of the explosion of 
a mass of gunpowder. How many when taxed with 
the theory of * action at a distance,” will completely 
disclaim this theory, and on no account have it 
attributed to them, and yet how few will recognise 
the inevitable alternative conclusion that the motion 
developed in the mass of gunpowder has been 
transferred to this gunpowder by eadernal matter 
(i.e., by an external medium). Yet this conclusion is 
logically inevitable, for it must be evident that by 
the rejection of the theory of ‘‘ action at a distance, 
and, therefore, when these molecules of gunpowder 
can no longer be assumed to have a mysterious 
power of acting upon each other, and developing 
their own motion; then in accordance with the 
principle of the conservation of energy, this motion 
must have been transferred to these molecules of 
gunpowder by external matter which was already in 
motion (i.e., by an external medium, which already 
possessed a store of motion), for if the external 
medium had not already possessed a store of motion, 
it could not have developed motion in the gun- 
powder. How, or under what special conditions 
the medium transferred the motion to the gun- 
powder—at a given instant—becomes an extremely 
interesting question for subsequent inquiry, but it 
is none the less certain that it did transfer it, for the 
motion could not have been developed out of nothing. 
It is well to observe that the fact of transference of 
the motion, and the mode of transference are two 
very different things. The recognition of the fact of 
transference of the motion is the necessary and 
proper preliminary to the investigation of the mode 
of transference. The ether is known to pervade the 
gunpowder, and it would be even a priori reasonable 
to conclude that the ether particles were in motion, 
since by all our experience motion is found to be the 
most natural state of matter. 

7. We submit, therefore, that it cannot but be 
justly regarded as an inconsistency and an anomaly 
that requires reform, that in this and the other 
numerous cases of the development of motion in 
matter which occur in every-day experience, the 
action of a physical agent is not generally recog- 
nised, or even scarcely hinted at in the general 
literature of science, and yet one finds the theory of 
“action at a distance” widely disclaimed and aban- 
doned. The theory of ‘action at a distance” 
is professedly abandoned, and yet the only possible 
counter conclusion that follows inevitably by its 
abandonment (viz., the transference of the motion 
from a medium) is not practically recognised or 
seriously discussed. When, for example, do we find 
the extremely interesting problem of the mode of de- 
rivation or transference of the motion in the case of 
the combustion of a piece of coal or the explosion of 
a mass of gunpowder discussed ? and yet this would 
be necessarily the case if consistent with the pro- 
fessed abandonment of ‘“‘ action at a distance,” the 
inevitable alternative /act if the transference of the 
motion from a medium were practically recognised. 
It would be quite superfluous to question but what 
itis generally admitted that the teaching of science 
should lean towards that side which is believed to be 





the truth, If therefore only doubts were cast on 
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the theory of “ action at a distance,” and accordingly 
this theory, and the alternative conclusion of the 
transference of the motion from a medium were only 
considered equally probable, then one would expect 
both conclusions to be brought into equal prominence 
in science literature and teaching, but one finds the 
alternative conclusion of the transference of the 
motion from a medium scarcely alluded to; thereby 
leading the student to infer that the theory of 
‘action at a distance,” though professedly dis- 
claimed, is practically something like an accepted 
truth, We ask if there is not reason,in what we 
advance, and whether it would not be well that in 
the interests of progress this should be reformed 
and inquiry roused to these interesting problems. 
The ether would seem really to be about the last 
thing in the world to be thought about, and yet 
to put it in the light of a practical question, 
which, we would ask, is, it the most practical and 
rational, to assume (in accordance with the theory 
of “action at a distance”) the motion to be “stored 
up” in some non-material or spiritualistic form in 
the gunpowder itself, or to be derived from an ex- 
ternal physical agent? We say “‘spiritualistic,” for 
if the motion be assumed not to exist in a material 
form, or if it be assumed that a mysterious form of 
energy without motion exists, then how are we to 
avoid the conclusion that this is tantamount to 
assuming the existence of a spiritualistic form of 
energy? for to assume the existence of an energy 
without motion is to assume the existence of a non- 
material form of energy, ¢.g., a spiritualistic form of 
energy. ‘The very fact that it should be necessary 
to admit such a thing as this, or to assume that two 
kinds of energy can exist (that energy can asit were 
have a double nature) as a lame attempt to reconcile 
the theory of ‘ action at a distance” withthe principle 
of the conservation of energy, is surely by itself one 
of the best proofs of the fall of the theory of 
“ action at a distance” that could be wanted. 

8. There exists a great and widely spread pre- 
judice against the ether. As is often the case at the 
beginning of a new study, there is at first an 
illogical tendency to regard the ether as something 
vague and mysterious. Thus in precisely the same 
way in beginning the study of molecules, who has 
not at first experienced a sort of vague dislike to 
treat of invisible portions of matter, or the illogical 
tendency presents itself to treat vaguely of portions 
of matter because they are small, and to assume 
that there must be something specially deep and 
abstruse about the subject on that account. As the 
conceptions become facilitated through practice, 
these illogical prejudices disappear, and it becomes 
as easy (as of course it ought to be) to reason of 
small things as of large. So in the case of the 
ether, because it is impalpable and invisible there is 
at first a natural disposition to treat vaguely of it 
and to dislike the subject, or the very prevalent 
popular idea is that it is extremély unpractical to 
refer any physical effect or effect of motion to the 
ether. There is even a tendency to doubt the 
existence of the ether or to fail to realise practically 
its existence, and yet who, reflecting on the subject, 
can for one moment admit that waves (such as waves 
of light) whose length has been even measured with 
the greatest accuracy, could be transmitted by 
empty space? ‘The first condition required to re- 
move the tendency to treat vaguely of the ether and 
to dispel the pre} udice against it, is for any one to 
think out for himself as a mechanical problem, what 
special physical qualities an agent should possess 
in order to be adapted to enclose silently a vast 
store of motion of an extreme intensity, to be 
capable of transmitting motions to a distance with 
speed and facility, to allow bodies to pass freely 
through its substance without obstruction. On 
proceeding to consider this question as a problem of 
mechanics, it will be found that an impalpable agent 
like the ether affords the one possible means of 
satisfying these conditions. Thus when the fitness 
of the ether as a mechanical means to an end 
comes to be recognised, this will go far to remove 
the tendency to treat vaguely of it, and to consider 
the study as an unpractical one. 

9. One of the first qualities to be recognised in 
the ether by the rejection of “action at a distance” 
is to regard it as the general source of motion, or the 
agent for the general development and transmission 
of motion. Now as to the ether being impalpable. 
Do we not observe that steam, that agent which is 
so admirably adapted for transmitting motion 
between masses and developing motion (as in the 
case of the steam engine), is impalpable. The im. 
palpable quality is necessary to give the requisite 





lightness to the steam as a mechanism for prompt 
and rapid action, So the ether, by its impalpable 
character, is qualified to be a ready and rapid trans- 
mitter of motion between distant masses and 
molecules of matter. The impalpable character of 
the ether may also be shown to be a necessary con- 

uence of the extreme mobility of its particles, 
and the extreme rapidity of the motion of the ether 
particles in their normal state (a deduction warranted 
on independent grounds) endows the ether with a 
vast store of concealed energy available for de- 
veloping motions in the masses and molecules of 
matter, as exemplified in combustion, explosion, 
chemical action, &c, Thus that impalpable b yew 
which conceals the presence of the ether, and tends 
to make it forgotten, and possibly also conduces to 
create a distaste for the study of its functions, is 
found on analysing the subject to be precisely that 
qnelis which is absolutely indispensable to adapt 
the ether for its purposes in nature. The ether is 
thus to be regarded as an agent fulfilling the most 
practical purposes, the source (through the me- 
chanism of coal) of the motion of our steam engines, 
the source of the movements of animals, and in fact 
the source of motions generally, as by the rejection 
of “action at a distance” a// motions must in- 
evitably be referred to a physical agent. 

10, ‘Thus we hope we have said enough to impress 
the fact that the study of the ether is a practical 
study capable of being appreciated by the me- 
chanical engineer, and by every intelligent mind. 
To regard the subject as a sort of vague mystery, 
demands reform. It would surely be better in the 
interests of progress if we had a little less of the 
mystery of an assumed energy without motion 
“stored up” in masses of matter (such as in coal, 
gunpowder, raised weights, bent springs, &c.), anda 
few more attempts at definite physical conceptions, 
make what little progress we may atfirst. It would 
appear sometimes to be regarded as a sort of pre- 
sumption to investigate the qualities of the ether. Is 
it not rather the real fact that we want a little more 
presumption in treating of the ether, and its enclosed 
store of concealed motion, and a little less pre- 
sumption in treating of energy stored up in a 
mysterious form in matter at rest, or in assuming the 
existence of an occult second kind of energy? Why 
should ether be looked upon as something more 
mysterious than air or visible matter? It is all 
matter. We make these remarks solely in view of 
the undoubtedly prevalent unsatisfactory way in 
which this great physical agent is dealt with, which 
greatly needsreform. Undoubtedly a day will come 
when the presence of the ether and its absolute 
necessity as the general source of motion will come 
to be looked upon as naturally as the air we breathe. 

1l. As regards the important problem as to the 
constitution of the ether, it has been our purpose, 
after a careful investigation of the subject, to point 
out in these articles that by the rejection of the 
theory of ‘‘action at a distance” (which it is neces- 


sary to. abandon in order to give a rational insight | Poss 


into anything), the problem as to the constitution 
of the ether will admit of but ove solution, i.e., but 
one conceivable means of solving the problem 
exists. We invite others to test this fact for them- 
selves, and the importance of such a result must be 
self-evident, in view of the fact that when but one 
conceivable solution to a problem can be shown to 
exist, then that solution must be the 7rwe one. 
The result thus arrived at shows the certainty of 
the existence in the ether of a vast store of con- 
cealed motion of a very intense character, fully har- 
monising with the extreme yer, Aor the molecular 
movements characterising combustion, explosion, 
chemical action, &c.; also a very intense ether 
pressure is shown to exist, these qualities evidently 
adapting the ether to be an agent of enormous 
influence and importance in physical phenomena. 

12. When as a logical sequence to the abandon- 
ment of ‘action at a distance,” the ether comes to 
be regarded as the source of the motions developed 
in matter, the next question presenting itself is as 
to the mode, or under what special physical condi- 
tions the molecules of matter are adapted to derive 
their motions from the ether, as in the combus- 
tion of coal, the explosion of gunpowder, &c. By 
the aid of the deduction arrived at as to the con- 
stitution of the ether as a basis to work upon, and 
looking to the guidance of established experimental 
facts, it has been our object to elucidate this ques- 
tion to some extent in these articles (and more 
especially in a published* work). We e no pre- 
~#* Physics of the Ether,” by 8. Tolver Preston. 
London: E, and F. N. Spon. 








tence to go further than deal with those broad and 
general principles which form the basis of the 
oe and which are independent of mathematics. 

or the full development of the problem and 
the attainment of quantitative results, mathematical 
treatment is no doubt required. At the same 
time it may be observed that unless combined with 
that mental capacity for realising and justly appre- 
ciating the mechanical points of a problem, mathe- 
matics would be probably of little avail in questions 
of this nature ; and without some deduction as to the 
constitution of the ether being previously arrived at 
as a basis, there would obviously be nothing for 
mathematics to build upon. We have in the present 
series of articles avoided dealing with the subject 
mathematically, but have confined ourselves to these 
elementary deductions, We can merely briefly 
re-summarise some of the fundamental consider- 
ations here. First, it is apparent that the only con- 
ceivable way that motion can be developed in a 
molecule is by some change of pressure of the medium 
or ether about it. Secondly, a change of pressure 
can only be produced by a disturbance of the ether. 
Thirdly, a disturbance of the ether can only be due 
to some motion d by the molecules of matter, 
for if the molecules of matter were at rest there 
would be nothing conceivable to disturb the ether 
pressure about them. Fourthly, since this disturbance 
of the ether pressure can occur without the mole- 
cules deviating from their positions (as when two 
molecules tend to approach each other), it follows 
that the motion of the molecules which produces 
the disturbance must be such a form of motion that 
the molecule does not deviate from a given spot. A 
vibratory motion of the molecule obviously satisfies 
this condition. It isa known fact that molecules 
vibrate, as indicated by the waves generated by 
them in the ether. It would, therefore, be reason- 
able to look to the vibratory motion possessed by 
molecules as the determining cause of the disturbance 
of the ether pressure producing the molecular move- 
ment and reactions. The confirming test of this is 
best to be found in experiment, and the question is 
therefore: Are there any experimental facts which 
would tend to show that vibrating bodies can dis- 
turb the equilibrium of pressure of the medium 
about them? ‘The answer to this is that it has been 
experimentally proved by means of larger scale 
masses (such as tuning-forks, oe in air, 
that these vibrating masses can disturb the equili- 
brium of pressure of the air about them and pro- 
duce movements (phenomena of “ attraction” and 
‘‘repulsion”). It follows, therefore, that vibrating 
molecules must be capable of producing analogous 
effects, for the mere size of the vibrating body cannot 
affect the reasoning. It wouid be only reasonable 
to expect that the effects would be incomparably 
more energetic, marked, and varied in the case of 
molecules, in proportion as the known enormous 
intensity of their vibrating energy incomparably 
exceeds that which by any artificial means can 
ibly be produced in masses, and also the vibrat- 
ing intensities and vibrating periods of molecules 
are greatly varied. 

13. It seems impossible to see how this experi- 
mental evidence of the effects produced by vibrating 
masses, and its application to vibrating molecules 
can be ignored, excepting under the prejudicial and 
distorting influence that yague theories (the theory 
of ‘action at a distance’’) are known to exert upon 
the judgment, whereby the real value and signifi- 
cance of these important experimental facts fail to 
be duly appreciated, The effects are, of course, 
naturally feeble with masses vibrating in air,* as in 
harmony with the extremely small dynamic value 
of these mass vibrations compared with those of 
molecules, whose vibrations are sustained by the all 
powerful action of the sun. 

14, The absence of inquiry or general discussion of 
the mode in which the molecular motions (as in the 
combustion of coal, &c.,) are derived, although the 
theory of ‘action at a distance” is professedly 
abandoned, and the action of a physical agent in the 
development of these motions follows as an inevit- 
able certainty by the abandonment of this theory ; 
the vague and unpractical way in which one com- 
monly finds the subject of the ether to be dealt with, 
the want of discussion that exists regarding its se 
poses in nature, in the face of the vast array of un- 

* Experiments show the effects to increase in a marked 
manner by increase of vibrating energy. Thus with a 
moderately large fork it is — to —— a strip of 
re wee ts be “oS prong, the tot basse 

in alr in ition . experimen 
the effect of « attraction” fgorte Ad Pongh very distinct 
manner. r 
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explained facts; the way in which inquiry is rendered 
dormant by the utterly unphysical assumptions of 
energy stored up in matter af rest—are surely points 
which any impartial observer, reflecting on the sub- 
ject, must admit demand reform, It may perhaps 

said that in physical science the idea of reform 
is out of place, and it would be presumptuous to 
assume such a thing to be necessary. Do we not 
find, however, that reform is sometimes needed in 
other branches of science, such as, for example, in 
theories of social science founded on usage and 
habit, and is it not, therefore, conceivable that 
—— science might also require this? The real 
act is the theory of ‘action at a distance,” on ac- 
count of the practically unlimited application of 
which it admits and from force of habit, has had 
such a deep-rooted hold that a serious effort is re- 
quired to get rid of its influence, The power of 
vague theories to assert their sway, and to check the 
spirit of inquiry is well known. So the theory of 
‘*‘action at a distance” has had such a power in 
diverting the attention from the investigation of 
the causes of phenomena, that the explanation of 
facts by theoretic reasoning has not kept pace with 
the accumulation of facts by experiment, and this 
may serve to account for the anomaly of the great 
disproportion existing in the number of known facts 
over that of known causes. It is not too much to ex- 
pect that when this theory is universally abandoned, 
and consequently the ether takes its true place in 
physical science, and the functions and practical 
utility of this great physical agent in nature come 
to be recognised and appreciated, something like a 
revolution will be effected in the methods of scientific 
thought, and a light will be thrown on a large 
number of obscure facts. Here we conclude this 
series of articles, and if any of the arguments we 
have brought forward tend to rouse the spirit of in- 
quiry, and thus contribute in however small a way 
to the interests of progress, the time and thought 
we have expended on this subject will not have been 
given in vain. 








THE CANTON ELEVATOR, 
(Concluded from page 524.) 

Tue elevating machines, eight in number, are placed in 
two lines of four in each. The distance of 31} ft. from 
centre to centre has been found the most convenient for 
the cars of the Pennsylvania Company. The distance be- 
tween the centre of the two lines of elevators is 32 ft., 
which gives room for two lines of rails between. In 
each of the eight iron tanks set in the masonry is laid a 
bed of hydraulic cement, upon which stands the cast-iron 
base or “ boot” of the elevating leg, supporting a wrought- 
iron tube formed of plates, angle bars, and stay bolts. 
The elevating tube extends to the top of the building 
and is fitted with a movable hood and a discharge pipe 
and valve. At each floor the tubes are secured by wedges 
80 as to remain vertical, but not so as to prevent the floor 
from settling. In the base or “ boot” casting a feeding 
valve is fitted so as to be worked from the track floor. 
Surrounding and attached to the boot, at the upper part, 
is the receiving hopper with conical hopper bottom and 
rectangular top projecting 3 in. above the track floor. It 
is made of plate iron, stiffened by angle bars, supported 
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by track floor and overed with wrought-iron grating, 
and holds about 450 bushels, or one car-load of grain. 
The length is such, that trains of four cars may vary 
10 ft. in total length, and be worked without being un- 
coupled. Two lines of tracks are laid for each line of 
elevators, making room for sixteen cars. 

Heavy oak bumpers are placed at the outer end of 
each line of tracks, for stopping cars in position when 
working the house. All of the improvements at Canton 
have been under the direct management of the officers of 
the Pennsylvania Railway in Philadelphia. The parties 
directly connected with the construction of this elevator 
were as follows: Mr. Frank Thompson, General Manager 
of the Pennsylvania Railroad Company, and Mr. Wm. H. 
Brown, Engineer Maintenance of Way, Pennsylvania Rail- 
road Company, had general management of the whole 
work. The building was designed and working drawings 
furnished by Mr. W. B. Reaney, engineer and naval 
architect of Philadelphia, while the work was carried out 
under the immediate inspection of Mr. O. E. McClellan, 
Assistant Engineer to the Northern Central Railway. 

The contractors were as follows:—Foundation and 
pier, Ross and Sandford, of Jersey City, New Jersey. 
The masonry contractor was too slow, and the work was 
| finished by railway company. For the superstructure and 
|machinery, Messrs. J. T. Moulton and Son, builders and 
| millwrights of Chicago, Illinois, were the contractors, but 
|parts of the work were sublet as follows :—Engines, 
| boilers, and fire apparatus to Messrs. Pusey, Jones, and 
Co., of Wilmington, Delaware; machinery and ironwork to 

Union Foundry Company, of Chicago, Illinois; timber 
| and lumber to Messrs. Sondes and Adams, of Philadelphia ; 
rubber belting to New York Belting and Packing Com- 
|pany, D. P. Dietrich, agent, of Philadelphia. The ar- 
rangement of the boilers is shown by the views we give 
| this week on page 539. 
| Materials.—In the foundations and pier there were used 
‘about 5000 piles, 800,000 ft. B.M. of timber, and 1500 ft. 
ofmasonry. In the superstructure there were used about 
2,100,000 ft. B.M. of timber, 550 tons of iron, 3406 ft. of 
belting weighing 11,400 Ib. 
} 


THE TAY BRIDGE.* 
By E. Gruxss, Middlesbrough. 

(Concluded from page 532.) 
HAvING thus glanced at the general features of the struc- 
| ture, let us consider some of the most novel appliances and 
expedients which have been developed and brought to bear 
|in its construction. The earliest of these was the sand 
| pump, the production of which is chiefly due to Mr. Reeves 
and Mr. Beattie, members of the staff e on the 
bridge. These - draw the sand through the centre of 
| the caissons with great rapidity and ease, the caissons sink- 
j}ing by their own weight as the sand is removed. The 
| process may thus be described. Upon a barge or lighter 
| four cylindrical wrought-iron receivers are fixed, each about 
'5 ft. in diameter, to which are connected air pumps for ex- 
| hausting, and the engines required to work them. The 
bottom of each receiver is fitted with a trap-door ues 
outwards over a hopper, and to the top is attached a flexible 
tube, which extends over the side and to the bottom of the 
hollow pier or caisson. As soon as the caisson is sunk to the 
bed of the river this barge is placed alongside it, and the 
flexible hose being directed by divers, who at once go down 
inside the pier, the receivers are exhausted by the air 
amps, and the sand and water rushes up the tubes to 
Seed spemmen mag “ = receiver is full the ae 
a ie opens another, a @ same process is repeated, 
the air pumps never ceasing. A small air tap destroys the 
vacuum in the charged vessel, and the fall of the trap-door 
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liberates the sand, which falls into the river again, but out- 
side the pier instead of inside. By the adoption of four re- 
ceivers constant working is secured, and the rate of sinking 
is very rapid. . 

These sand pumps were used in the early history cf the 

bridge, and their efficiency proved. They have been en- 
and applied with great succcess in s' the large 
31 ft. caissons which form the foundations for the piers of 
the large spans. It will be readily seen that the combina- 
tion just described is applicable to all excavations in soft 
material, giving a facility hitherto unattained. . 

The general dimensions of the sand pumpsare : Diameter 
of cylinder, 7 in. ; stroke, 12 in. ; diameter of air cylinder, 
12 in. ; stroke, 12 in. ; steam, 50 lb. 

Each tank holds 60 cubic feet, and it takes from one to 
three minutes to fill one tank, according to the depth. © 

Forty-four cubic yards per hour can be taken out with a 
sand barge of the foregoing dimensions with four receivers. 
The process is patented by its designers, and is just now 
being adopted on a bold scale, to transfer the sand from 
the bed of the Tay to the inside of the wall of the Espla- 
nade, and thus it is proposed to fill up the large enclosed 


area. 

The extension of the size of the caissons to 31 ft. in 
diameter was not a difficult matter, and naturally suggested 
itself as the means to secure e base, with the needful 
solidity and strength, but the building, floating, and_sink- 
ing of these caissons was a matterof no ordinary 
difficulty, and required the most careful calculation, and 
special machinery of an original, although simple cha- 
racte: 


r. 
Let us begin to make, and float out, and lower, and 
afterwards sink a 31 ft. caisson. We first build on shore 
(but within high-water line) a caisson of wrought-iron 
plates } in. thick, and rivetted together in the ordinary 
way, 31 ft. in diameter and about 20 ft. deep, making the 
lower course of plates a wedge, by duplicating them at an 
le of 30 deg., the duplicate plates being on the inside 
a only about 18 in. deep. We thus have acu edge to 
that part of the caisson which has to be sunk into the 
ground, and the same arrangement, which provides this, 
also produces a base for the brick lining 15 in. thick, 
which is put into this lower member of the caisson before 
it is floated out. A further length of 20 ft. of caisson is 
then built on the portion already made. This is called the 
temporary caisson, the other the permanent caisson, because 
the latter has to be left in it e~ and the former, 
being joined by bolts, is liberated and used again for a 
similar purpose. This cylinder, then, 40 ft. high and 31 ft. 
in diameter, the lower 20 ft., being lined with bricks, waits 
until the tide serves for the operation, and then is floated 
out to the spot where it is to be placed as the foundation 
rock of one of the piers of the bridge. 

The floating out is an operation in which tide, time, and 
weather have all to be considered, and consulted, and waited 
for ; but, supposing all these to be in accord, two large 
pontoons or oe on which a strong framework of girders 
is placed, come alongside the caisson, the framework of 
girders having been previously lowered around the struc- 
ture, as the water provided the power and opportunity. 
On the corners of these girders are fixed powerful hydraulic 
rams, and from these, levers take hold of the caisson at 
four points by T-irons, which are rivetted to it, the webs 
being perforated with holes 2} in. in diameter, and 12 in. 
centre and centre. As the tide rises, the pontoons 
lifting the whole combined arrangement, the caisson 
hangs suspended by the four levers, pinned to the T-irons 
by steel pins, which are carried by the four hydraulic 
rams, which in their turn are attached to, and stand 
upon, the corners of the framework of the age which 
are borne up by the pontoons. So the whole fabric rises 
with the tide, and at high water is towed out to the position 
which the caisson has to occupy as part of the bridge. Here 
it is anchored, above the line which it must ultimately take. 
Then at ebb tide the hawsers are , and the caisson 
is floated down to its exact place on the centre line of the 
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bridge. Meantime the lowering process has commenced. 
The levers, which held the caisson in suspension, have been 
alternately raised and lowered by the hydraulic rams ; and 
by an arrangement of steel pins, the caisson, caught by the 
levers at their highest elevation, is held by them until the 
ram has lowered them 1 ft., when it is supported by other 
steel pins, which carry it until the levers are replaced, the 
weight again resumed by them, and sate lowered by the 
x Tye of the hydraulic ram, which was raised to its 
full lift of 1 ft. in order to bring the lever again into 
sition. Thus the caisson, weighing uj of 200 tons, 
is lowered with ease and safety, at the rate of about 5 ft. 
r hour, and ultimately rests on the bed of the river. The 
t 12 in. or 18 in. are of courseof the utmost importance, so, 
before the caisson is finally lowered, its position is confirmed, 
both as to the centre line of the bridge and its distance from 
the last pier, and thus, one by one, have these large masses 
of wrought iron and brickwork, which, as they cross the 
river, look like huge castles, been su placed as 
in’ parts of the great whole, which will, when finished, 
be the Tay Bridge. So soon as the caisson is in position it 
becomes needful to protect it from the scour of the water. 
This is done by quickly depositing rubble round its base. 
Immediately the sand s before mentioned are 
pm om alongside, and divers go down into the centre, and 
slowly and steadily the huge‘ hollow castle sinks into 
the ground as its foundation is sucked from beneath it. 
This done, the caisson sinks down to the required depth, the 
centre is filled with cement concrete, when we have a large 
and artificial rock on which we proceed to build the pier. 
Here, again, new applications of old ideas have in- 
troduced into the practice at the Tay Bridge. The piers 
which rise from the bed of the river |to high-water line are 
of a hexagonal shape, 27 ft. long and 16 ft. broad, the 
length of course lining with the current of the river. The 
centre of the brickwork is left hollow in building it. This is 
done on shore, toa height of abont 20 ft. to 22 ft., which is 
sufficient to reach from the top of the caisson or the bed of 
the river to the low-water line. After due time being 
allowed for the pier thus built to set and become solid, it is 
framed with suspension girders in a similar manner to that 
adopted with the caisson, suspended by levers from hy- 
draulic rams, lifted by barges and tidal action, towed out, 
— Drm and oe and thus mn one, leap the 
1 m the river low water line. e centre 
of this block of brickwork is then filled with cement con- 
crete, and the whole mass becomes one solid stone. 
The erection of the brick pier from low-water line to high- 
pecan: dy Sag ope a cnccunsion of tidal operations. So 
of the pier is , barges are surrounding it 
and busy hands are laying bricks in cement, being vem 
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with every material, and all manual and mechanical aid 
that can enable them to produce the utmost actual finished 
work in the tide; and thus the pier is wn, tide by 
tide, until it crops above the high-water line, and, when 
capped with stone, is ready to ‘receive the superstructure of 
compound cast and wrought-iron pier, which is to bé p 
upon it, and upon which the girders have to find their rest. 

We come now to another application of mechanical forces, 
and another use of natural forces, in the placing and raising 
of the large girders. And here we may note that the pro- 
cesses, described as used for the 245ft spans, are equally 
applicable to the smaller spans, and have been, according to 
their requirements, used for them. 

The girders are all made in detail and put her at 
Middlesbrough, then shi to the Tay and loaded at 
the wharf which is on the Fife side of the river. Here there 
is a considerable cluster of workshops, foundries, &c., to- 

ther with the needful offices for carrying on such a work 
oo which at the present time from 500 to 600 men are 
engaged), and here the girders are re-constructed on a plat- 
form over the water. In passing we may notice that a 
Roots’ blower is used to supply the blast to the rivet fires, 
oS tke coumapcon all ths Wash bo an Ween Ing Gales 

e conveyance of the em throug’ 
of india-rubber. 

The girder when built, or, let us say, one entire 245 ft. 
span, consisting of the two main girders, the cross-bearing 
girders (which, in these spans, are of wrought iron), 
and the tie girders overhead, weighs upwards of 200 tons. 
When it is complete and ready for transference, two pieces 
of the platform are removed, and pontoons floated into their 
places. As the tide rises, the whole structure, a complete 
span, is lifted up until it is clear of the platform. At high 
water it is towed out, and, with the same precaution as_ 
anchorage, placing, &c., it is left by the pontoons, which 

o with the receding tide, on the tops of the piers, ready 

or being elevated to the upper level of the ee The 
operation of floating out occupies three-quarters of an hour 
when the weather is fair and the surrounding circumstances 
propitious. z 

The raising of these spans, simultaneously with the erec- 
tion of the piers, again called out a rather novel application 
of the hydraulic ram. The process is this. Four columns 
and their bracings are fixed in their positions on each pier. 
These are followed Zz second tier of four, also braced and 
tied together. To the upper set of columns wrought-iron 
cross girders of great are attached, and on these 
hydraulic rams are fixed, with which the combined span of 
girders is slowly raised up, much in the same manner, and 
with the same precaution of lifting and holding pins as 
adopted in lowering the caissons. In this way the span, 
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weighing avout 200 tons, is lifted up as the piers are built— 
the final lift being given from extra columns that overtop 
the whole structure of thepier. After the girders are at 
their greatest elevation, the cutwater columns are erected 
and braced to the others, and the whole pier is consolidated 
and completed, the girders being at the same time settled in 
their final position. The apparatus for lifting girders, hy- 
draulic rams, &c., is then removed to another pier. i 
process has been successfully carried out in several of the 
spans already, and it is hoped that the same exemption 
from accident or failure may continue. 

A consideration of the action of the wind on this bridge 
will dissipate the often-advanced theory that at some period 
it will be blown over. The exposed surface of one large pier 
is about 800 square feet, and, of the superstructure w ich 
depends upon it, about 800 more, and, so giving 800 ft. for 
a train above, we have 2400 ft. 21 1b. per square foot is the 
force of a very strong gale, but it would take no less than 
96 ng) uare foot on the surface given to overturn the 
pier. Even the most severe hurricane on record would equal 
only one-half this resistant power. 

e have now followed the caissons, the girders, and the 
piers to completion. Let us look at a few of the acces- 
sories. In the whole work there is an extensive use of 
divers, and the most advanced appliances have been called 
into requisition. Each diver is furnished with a lamp, the 
flame of which is supported by air which is admi to it 
by a self-acting valve between the lamp and the air enclos- 
ing case around the diver’s body. He is thus able to see 
his work below the surface, and can do much more work 
in loosening bolts, &c., than he could do in the dark. 
Again, it is desirable that there should be easy communica- 
tion with the diver, and this is now secured by a i 
tube attached to his helmet. The waves of sound impinge 
on a delicate diaphragm inside the helmet, and are thus 
conveyed to the diver’s ear. His answers are spoken into 
the helmet, and reach the ears of the upper listeners like the 
faint halloo of a man calling at a distance in a thick fog. 
At a moderate depth, say 50 ft., a diver can continue under 
the water any length of time—food, &. being ee only 
necessities that need bring him to the surface. 1 
length of a diver’s day is eight hours, during which he 
comes to the surface two or three times. The plant re- 

uired for the work is varied and subject to much hardship. 

‘our steamers are always in use, a large one to tow and do 
the heavy work, a steam yacht which tows the barges in 
and out, a small quick-running steamer to take the men 
out to their work at the different piers, and a steam wherry 
to keep the barges lying at the piers supplied with bricks, 
sand, and cement. Add to these barges of all sizes, and a 
fleet of small boats, and it will not be matter of wonder that 
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a constant staff of boat builders is required for repairs. 
The cement used is an important item in the cost, and 
also in the value of the work ; the proportions are one of 
cement to one of sand, and the pure cement is tested with 
great care, the requirements of a quick setting and yet a 
very strong cement being not always found together. It 
is only fair to say that the cement manufactured by Messrs 
Martin Cohn and Co., of Neweastle, has proved itself 
admirably suited to the purpose, and equal to all the re- 
quirements. 

The latest scientific appliance which has been adopted at 
this work is the electric light. In order to complete the 
bridge by the lst of September, 1877 (which is the date to 
which the wishes of the company, and the hopes of the con- 
tractors point), it became voedta to adopt some mode of 
lighting the yard when the girders are being put together, 
so that during the dark evenings and — of the coming 
winter the work could be proceeded with uninterruptedly. 
This result has been pode by the introduction of two of 
Gramme’s electro-magnetic machines, which are fixed in a 
building close to the foundry engine and driven from it. 
They required about four horse power to work them. The 
electric current so generated is conveyed through insulated 
wires to two of Serrin’s lamps, which are fixed in sentry 
boxes on the top of the hill overlooking the works. The 
lamps are of simple construction, the light being produced 
by passing the current through carbon points, one positive 
and the other negative. The points are kept about } in. 
apart, and become incandescent, burning slowly, but with 
a most brilliant light. When the carbon points have burnt 
away so much that they are too far arart, the current of 
electricity ceases to pass, but is diverted from its course 
and gives motion to some ingenious clockwork, which brings 
down the positive pole, renews the connexion, so that 
the current at once resumes its former course. The points 
meet in the centre of a parabolic reflector, and each of 
these lamps gives the light of 1000 candles. Together they 
so illuminate the yard and the surrounding district that 
work can proceed with nearly the same ease as in the day 
time, and on a dark night you can read the time ona 
watch at nearly two miles distance. The best results are 
confidently expected from this comparatively new application 
of the electric light. 

In conclusion, the writer would remark that he has in 
this narrative of the progress of this, the largest bridge in 
the world at present, sought only to give the most salient 
and interesting particulars, and to give these in as plain 
and simple a manner as possible. ‘The work will un- 
doubtedly be a great work when completed. It has many 
difficulties connected with it which are not common to 
bridge building, and these have been met as they have 
arisen by new schemes, or new applications of old ones. 
The success which has so far attended the undertaking is 
owing, in a large measure, to the cordial earnest working 
together of all : the engineer-in-chief, the resident engineer, 
and the active staff. h member of this group of co- 
workers has made it a matter personal to himself, and the 
Tay Bridge, when completed, will be a great example of 
the strength of unity, both in itself and in those by whom 
it was designed and constr 


FOREIGN AND COLONIAL NOTES. 

Queensland.—In May, 1876, Queensland had a population 
of 173,180. Queensland has 282 miles of railway in oper- 
ation, while some 150 miles more are in course of construc- 
tion. The Queensland telegraph lines extend over 4609 
miles. 

Egyptian Oanals.—Colonel Rundall, R.E., formerly 
Inspector-General of Irrigation in India, has prepared an 
elaborate scheme of canals for Egypt. 

Taranaki Iron Sand.—Some Taranaki (New Zealand) 
iron sand is stated to have been successfully smelted, and at 
a reasonable cost. 

Cartridges for Turkey.—The Turkish Government has 
ordered 2,000,000 more cartridges from the Union Metallic 
Cartridge Company of Bridgeport, United States. 

Belgian Steel Rails.—We learn that the John Cockerill 
Company has obtained an order for 8800 tons of steel rails 
to be delivered in London. The John Cockerill Company 
can now make 80,000 tons of steel rails annually. 

The Bosphorus.—Several English engineer officers have 
visited Smyrna on their way to Constantinople. Their 
object is said to be to ascertain whether all necessgry 
measures have been adopted by the Turkish Government 
for the defence of the Bosphorus. 

The Centennial.—The heavy ordnance in front of the 
Government building at the American Centennial Exhibi- 
tion has been removed. The work was however one of some 
difficulty, in consequence of the extraordinary weight of 
some of the exhibits. 

The Sues Canal.— During the first ten mf of December, 
47 ships through the Suez Canal. The transit 
revenue collected by the Canal Company in the same period 
amounted to 40,080/. 

Locomotives on the Bombay, Baroda, and Central India. 
—In the first half of 1876, the locomotive expenditure per 
train mile on the Bombay, Baroda, and Central India Rail- 
way amounted to 17id., as compared with 22d. in the cor- 
responding period of 1875. 

The Luwembourg Iron Trade.—There has been a sensible 
decrease in the production of pig in the Luxemburg district. 
Quotations have not hardened however, but remain at about 
1l. 17s. 6d. per ton. 

Union Pacific Railroad.—Some United States 
who have been making a resurvey of the Union Pacific 
Railroad, have completed their work, and it is stated that 
they find no material inaccuracy in the surveys already 
reported to the United States Government. The profits of 
the line have further expanded this year. 


ineers 








CREMATION AND MORTUARY BUILDINGS. 

“Tue friends of cremation,” a body which has for 
some years past been energetic and partially successful 
in the effort to restore the ancient practice of cremation, 
held a congress during last summer at Dresden, when 
various addresses were delivered and the progress made 
by the different branches of the society in various parts 
of the world—England, France, Holland, Switzerland, 
and the United States—was recorded. Designs for cre- 
mation and mortuary buildings were prepared for the 
congress, and exhibited ; to one of these designs, which 
we illustrate this week by a two-page engraving, a 
premium was awarded. The general arrangement was 
proposed by Mr. Carl Pieper, of Dresden, but the archi- 
tectural features and the details of the building are due 
to Mr. G, Lilienthal, a Berlin architect. The buildings 
consist of a central chapel, and the necessary offices, 
where also the ceremony of cremation is performed. On 
each side of the chapel is a circular memorial hall, and 
extending, so as to enclose the garden of the establish- 
ment, on their sides are wings containing a large number 
of niches for the reception of funeral urns. The design 
and arrangement reflect the highest possible credit on 
the architect, who has treated a difficult subject with a 
spirit of fitness not often met. In every detail indeed the 
design harmonises with its object. 

The cremation ceremony is as follows: the body 
having been brought into the hall, is subjected to the 
usual medical examination, or when an inquest is neces- 
sary, it is removed to offices in another part of the build- 
ing, where the required investigation can be held. When 
all is ready, the body, pe on the platform B, is 
raised by a lift into the A, where visitors are ga- 
thered, and here the result of the medical examination 
is declared, and whatever preliminary religious cere- 
monies that are desired are performed. The body is then 
transported to the chapel E, in front of the pulpit F, 
where the burial service is performed. The bier is after- 
wards lowered mechanically and brought to the furnaces, 
which are arranged in a semicircle and partitioned for 
the reception of separate biers. The design proposed for 
these furnaces is similar to that illustrated and described 
by us in our issue of January 15, 1875. The period for 
complete incineration varies from 40 to 60 minutes, when 
all the ashes are collected in the hopper shown at the 
bottom of the furnace. These ashes are afterwards re- 
moved and placed in an urn, on which the name, &¢., of 
the deceased are recorded. The urn subsequently finds 
its place in one of the niches in the building. Of course 
this ceremony may be attended with a little or as much 
of pomp as may be desired. The niches in the memorial 
hall are designed for urns containing the ashes of distin- 
guished people. The building we illustrate is designed 
to contain 100,000 urns, and is adapted for a town of 
200,000 inhabitants. 

Although there is no present intention to proceed with 
this structure, funds were subscribed at the congress for 
the erection of a cremation building at Gotha, and this 
will be in operation before long. ‘Meantime one is in 
successful operation in Pennsylvania, and the remains of 
the Baron de Palm with others, have been burnt 
there. The great efforts that have been made by the 
“ friends of cremation,” and the progress effected in this 
question, give to the question considerable interest, and 
we shall shortly review the proceedings of this body and 
the position they at present occupy. 





BEMENT’S PUNCHING MACHINE. 

We publish on page 538 drawings of a standard type 
of punching machine constructed by Messrs. W. B. 
Bement and Son, of Philadelphia. The drawing so clearly 
shows the arrangement that no description is required. 
Figs. 2 and 3 show a small attachment added to the frame 
of the machine to facilitate the handling of bars, angle 
irons, &c., when being punched. It consists simply of 
two vertical spindles moving in guides in the frame, and 
carrying rollers at the top. These spindles are prevented 
from turning by means of a pin passing into a slot as 
shown. The lower part of each spindle is screwed, and 
the nuts in which the screws work are formed with a 
worm wheel on the outer side. A small worm gears into 
them, placed on a horizontal spindle passing through the 
frame, and turned by means of a lever placed on the 
squared end, By this means the height of the rollers can 
be adjusted to suit the nature of the work done. 








Tae Fastest ATLANTIC Passage.—The White Star 
steamer Britannic has just arrived at Liv 1 from New 
York in the shortest time on record. She left New York 
on December 16, and made the distance between Sandy 
Hook and Queenstown in 7 days 12 hours 41 minutes, actual 
time, beating her famous run of October last by 30 minutes. 
—_ average speed throughout the trip was 15.95 knots per 

our. 


Tue Torpepo DsPpaRTMENT.—We observe that Mr. F. 
C. Webb, M.LC E., M.S.T.E., Knight Officer of the Im- 
perial Order of the Rose of Brazil, &c., and a well-known 
and capable electrician and engineer, has been appointed on 
pr bation as electrician to the Torpedo School on board 

-M.S. Vernon, Captain Arthur. We congratulate the 
authorities on the selection they have made, and feel no 
doubt that the appointment will be made permanent long 
before the six months of probation have expired. 





ENGINEERS IN INDIA. 
To THE EpiToR oF ENGINEERING. 
Srr,—Myself a victimised ineer, I felt not a little 
pleasure in reading the letter of a ‘‘ Victimised Parent” 
in bP pre dated 21st of July last. Cooper’s Hill men 
and their parents now have some idea of what the prospects 
of an engineer in India are, can see pi clearly what 
they alight on if they leap. -It is possible other cor- 
ts may have t' more light on the subject ; if 
so, it were less my hing new ; but I am in 
the unfortunate position of not seeing your journal regularly, 
and I am unaware that any one has followed in the steps of 
the ‘‘ Victimised Parent.” If this is so, you will much 
oblige me and many others by giving publicity to the fol- 


lowing. 

_ First, I beg to point out that another of the delusions 
(in addition to those mentioned in the letter I refer to) 
which men labour under in coming to this country is that a 
rupee is worth 2s., and that the pension that can be earned 
is 5001. a year if a civil engineer is lucky enough to fulfil 
the necessary conditions to earn it. It will really amount 
to much less, varying from 375. to 4371. a year, according 
as the value of a rupee varies from 1s. 6d., a value it has 
lately reached, to 1s. 9d., a value it has not more than 
approached for many a month now. About 5001. a year is 
how the India Office authorities state the pension. Doubt- 
less Government suffers greatly owing to the depreciation 
of the rupee in value, but this makes it none the less hard 
on us and none the more worth our while to come to this 
country to be knocked from pillar to post. The least 
Government should do for us is to pay our pensions in 
sterling, valuing the rupee at 2s. in making the changes in 
the pension rules. 

But our other grievances are many, some of them as 
follows, namely, we have no recognised position in society 
here, or practically none, as the precedence code takes no 
notice of civil engineers, except superintending engineers who 
are mentioned, but how many of us can hope to reach that 
oo Next, our new furlough rules are called by 
the tary of State in one despatch the “‘ advantageous” 
rules (v.e., he thinks they are advantageous), from which 
certain uncovenanted civilians are debarred, but they 
“are not what they seem ;” e.g., one year’s furlough for 
every four of service is what we are told we can earn, but 
we are allowed only six years for our thirty of actual 
service in the comes. making the proportion one for five. 
Farther, the new rules appear better than the old, but they 
are by no means so in many cases, for under the old rules 
a man could for eighteen years’ actual service earn two 
years of ordinary furlo and three years furlough on 
medical certificate in addition, all of the latter counting 
for service, so that he found himself in the happy position 
of having twenty-one years to his credit after eighteen 
years only of actual service. Under the ‘‘ advantageous”’ 
rules we can only earn for eighteen years of service four 
and a half years of furlough, none counting as service, and 
leaving only eighteen months more earnable in our next 
twelve years, or one year for eight. It is true that a man 
must be able to get medical certificate in order to obtain 
the three years furlough referred to under the old rules, but 
it is only those who are ill who need it, and but few 
es would not be in a position to be able to claim it. 

'o conclude, my advice to men thinking of entering 
Cooper’s Hill is, “‘ don’t go,’”’ to those there, is, ‘‘ pause 
before you go further.’’ The rules of the service 7 hope 
to enter are so framed that, though you will find out im- 
mediately you begin to wear it, how galling a yoke you are 
wearing, you will be unable, except at a very great 
sacrifice, to throw it off. For most men it is, once in the 
service, in it for life. Ifthe climate and work ruin your 
health, you will, after a service of not less than fifteen 
years, have a fair claim to 2000 rupees a year, as invalid 
pension, <.e., between 1501. and 175l., and it is only an invalid 
pension that you can earn for any service of less duration 
than thirty years actually spent in the country. If you 
are invalided you are t to fight the battle of life at 
home by the side of men in full vigour, but fight it you 
must, for the pension will not decently support even an 
unmarried man. If you are a Hercules you may earn the 
full pension, but what is that to a man of fifty-five or fifty- 
eight. The fact is the rules are framed with all the 
‘* advantages” on the side of Government ; they are framed 
in such a manner that men entering the service must die 
either in it or very soon after they retire as cripples ; for 
I repeat only a Hercules in constitution can earn anything 
but an invalid pension, and even he by that time finds 
himself near his ancestors. Government is quite right to 
get men on these cheap terms ifit can, but it should let the 
terms be known. Let the Cooper’s Hill men, present and 
intending, read the new Pension and Leave Code, and say 
if Iam wrong in a I have written. 

I could write much more, but fear I have already made 
too large a claim on you in asking you to publish so much. 
I trust that you will nevertheless consider it worth while to 
insert it in your paper. 

VicTIM. 








PARISIAN Rartways.—A first section of a Ye girdle 


line round Paris has just been opened by the Northern of 
France Railway Company. This section exeends from the 
station onthe plain of St. Denis to the St. Ouen docks ; it 
is about 14 miles in length, and it will be used for goods 


traffic. 


Tue Crevsot Works.—In the year ending June 30, 
1876, the Creusét Works Company realised a profit of 187,640!. 
In co! uence of large redemptions of first establishment 
outlay which have been eff out of revenue, the cost of 
the establishments, tools, &c., of the company has now 
been written down to 720,000/. The administration has 
also formed a reserve fund of 143,014/. The dividend for 
1875-6 has been fixed at 10 per cent. per annum. 
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THE ARLSEY “ACCIDENT.” 


In October last (vide page 323 ante), when writing 
of continuous brakes and the delay in their general 
introduction, we said: ‘‘ The expresses of the Great 
‘* Northern Company to Leeds and to Scotland are 
‘¢ unsurpassed for speed and regularity of running 
‘“‘ by any trains in the world, but in the present 
‘¢ state of our knowledge of railway accidents and 
‘‘ their causes, we hold it to be quite unwarrantable 
‘to run such trains without providing them with 
‘¢ the security which an efficient continuous brake can 
‘alone bestow.” ‘The opinion then expressed has 
within the last week unhappily been mostamply 
endorsed by the results of the so-called ‘ accident” 
at Arlsey Siding—a disaster which is so clearly trace- 
able to the want of sufficient brake power, that the 
fact can scarcely be attempted to be disputed by the 
railway authorities. To most of our readers the 
general details of this disaster have already been 
made familiar by the notices in the daily press, but in 
order that the proper lesson may be drawn from them 
it is desirable that we should give here a summary 
of the facts as brought out during the inquiry held 
by Captain Tyler on Monday and Tuesday last. 

At 2.45 P.M. an express train leaves King’s Cross 
for Sheffield, Manchester, &c., this train being 
timed to arrive at Peterborough at 4.17, and thus 
having to make this first portion of its run at an 
average speed of almost exactly 50 miles per hour. 
On Saturday last, as is generally the case at this 
time of the year, the traffic was very heavy, and the 
train just mentioned was, according to custom under 
such circumstances, divided into two portions, the 


first , containing passengers for Sheffield and 
Manchester, being started at 2.47 or two minutes 
late. This portion of the train consisted of fifteen 


vehicles in addition to the engine and tender, two of 





the vehicles being brake vans and the carriages 
being fully loaded. The engine was fitted with the 
vacuum brake apparatus but the brake was not con- 
nected to the train. The rails on Saturday were 
wet and greasy, and according to the evidence of the 
signalman at the Hatfield north cabin, the train 
‘* cleared” the cabin at the twentieth mile post from 
London at3.19, the first 20 miles having thus beenrun 
in 32 minutes, or at an average speed of 374 miles per 
hour, and the train being then said to be about four 
minutes late. At 3.36 the train passed the Cadwell 
cabin, distant 33 miles 24 chains from London, and 
it had thus run the last 13 miles 24 chains in 17 
minutes, or at a speed almost exactly 47 miles per 
hour. We shall refer again to these times and speeds 
presently, 

North of the Cadwell cabin and distant 35 miles 
53 chains from London, or rather more than 34 
miles north of Hitchin is the Arlsey Siding station, 
so-called to distinguish it from the Arlsey station, 
which is about a mile and a half furthernorth. On 
Saturday last about 3.30, a pick-up goods train 
arrived at Arlsey Siding from Peterborough, and 
arrangements were made to shunt it across the down 
line to some sidings on the western side. In the 
course of this operation and before the down line 
was cleared, three wagons got off at a crossing and 
the road was thus blocked. According to the evi- 
dence of Graves, the signalman at Arlsey Siding, 
the points and signals there are interlocked, and 
before he could set the points to allow the goods 
train to cross the down road he would have had to 
set the down distant and home signals to danger ; 
but as a matter of fact these signals had been set to 
danger after the passage of the last down train at 
2.41, and they had not, he affirms, been altered. He 
had, however, given ‘line clear” to Cadwell (the 
next block signal cabin to the south) at 2.41, so that 
at the time the goods train was being shunted the 
protection consisted of the home and distant signals 
at Arlsey Siding only, the former being 283 yards 
and the latter 898 yards south of the point where 
the line was blocked by the goods train. On it 
being discovered that the goods trucks were off 
the hes, it appears that Mr. Walters, the station 
master at Arlsey Siding, at once sent word to Graves 
to block both up and down lines, the message being 
sent by a porter named Bygrave. On Bygrave reach- 
ing the signal-box, however, Graves told him that he 
had already had advice that the down express had 
passed Cadwell, and he threw Bygrave a red flag, 
telling him to run and meet the express and stop it. 
Before, however, Bygrave had got more than about 
a couple of bundred yards the express was seen 
approaching apparently at full speed, and it ran past 
both the distant and home signals, ultimately com- 
ing into collision with the goods train while travel- 
ling at a speed which is estimated by the witnesses 
as between 20 and 40 miles per hour. On the results 
of the collision it is unnecessary that we should 
dwell here. The driver and fireman both jumped 
off some 200 yards from the point of collision, and 
both were killed, while three passengers were 
killed by the collision itself, and about thirty others 
badly injured. From the evidence of Mr. I’. Warr, 
locomotive foreman, it appears that the express cut 
completely through the goods train, the tail end of 
the express being level with the front of the goods. 
The engine was one of Mr, Stirling’s fine express 
engines with a bogie at the leading end, and this 
bogie appears to have been cut off and swung round, 
the brake van next the engine being found standing 
on the bogie, but still attached to the tender. The 
next eight vehicles suffered severely, four of them 
being ‘ telescoped” into each other, but the six last 
vehicles of the train were not much injured. Con- 
sidering all the circumstances it cannot but be a 
matter of surprise that the loss of life was not 
greater, ; 

To return, however, to the causes of the collision. 
The questions to be considered appear to be: First, 
were the home and distant signals at Arlsey Siding 
really at danger; second, if so when were they 
observed by the driver of the express; third, was 
the brake power provided sufficient, if properly 
used, to arrest the train in the distance available ; 
and fourth, were the means taken to protect the 
shunting operations at Arlsey Siding such as might 
reasonably have been expected to be sufficient. 
Considering that the inquiry before the coroner has 
only just been commenced it is perhaps undesirable 
to fully discuss this last-mentioned branch of the 
subject at present, but respecting the three previous 
questions there is no reason why we ’should not 
express our opinions. 


First then as to the state of the home and distant 
signals at Arlsey Siding. Respecting these we 
have first the statement of Graves, already men- 
tioned, that he had not altered the signals since he 
set them to danger after the of the down 
train at 2.41, and also his further statement that 
when the express was approaching he saw the arm 
of his distant signal sapere, Tan the ‘“ danger” 
position. This evidence is corroborated by Bygrave, 
the os at Arlsey Siding, and also by Woodhouse, 
the head guard of the down express, who, however, 
stated that he could not see the arm of the distant 
pas more than 200 or 300 yards away on account 
of the dulness of the weather. This part of Wood- 
house’s evidence is, it may be noticed, somewhat 
contradictory of that of Graves and Bygrave, both 
of whom were about 800 yards from the distant 
signal, which they state they saw. It must be re- 
membered, however, that Woodhouse looked at the 
signal from the south, while Graves and Bygrave 
looked at it from the north side, and in the evening 
when the day is closing in, the direction in which 
an object is looked at materially affects its distinct- 
ness. Altogether the evidence so far given is strongly 
confirmatory of both home and distant signals being 
set against the express. We may add, however, that 
no direct evidence —— yet to have been given 
respecting the State of the light of the distant signal, 
the statements of the witnesses all referring to the 
position of the arm. Considering that the collision 
occurred during the twilight, when signal arms 
are often but indistinctly visible, this point is of 
importance. 

ext as to when the signals were observed by the 
driver. Inasmuch as both driver and fireman were 
killed the deductions on this point can be only 
inferential. First, then, we have the evidence of 
Woodhouse, the head guard, who travelled in the 
rear van, that on seeing the distant signal against 
them he applied his brake, and that they were fast 
ing this signal when he heard the driver whistle 
or the brakes. Thacker, the second guard who 
travelled in the van next the engine, states that he 
heard the driver whistle for the brakes,- and that 
having applied his, he looked out and saw the home 
signal at Arlsey Siding at danger, he being then, as 
nearly as he could judge, about midway between the 
home and distant signals, In comparing these state- 
menis of the two guards it must be borne in mind 
that the two men would from the length of the 
train be about 450 ft. apart, and remembering 
this, their evidence —— to agree very fairly and to 
show that the first whistle for the brakes, or at all 
events, the first whistle which was heard by the 
guards, was given after the engine had passed the 
distant signal, Whether the driver took any steps 
rior to this to arrest the train will probably never 
- known, but it is tolerably certain that the com- 
bined effort of the guards and driver to stop the 
train can only be considered to have commenced 
when about the middle of the train was passing 
the distant signal, or, say, when the head of the 
train was about 800 or 820 yards from the point of 
collision. 

We now come to the question of the brake power, 
and here the speed of the train has to be taken into 
consideration. This speed is variously estimated by 
the different witnesses as from 40 to 60 miles per 
hour, but there is good reason for supposing that 
the latter speed, which is that given by the head 
guard Woodhouse, is the more nearly correct. We 
have already stated that the times recorded by the 
signalmen at the various cabins showed that the 
first 20 miles out of London were run by the train 
at an average speed of 374 miles per hour, and the 
next 13.3 miles at a speed of 47 miles per hour, 
Now the slow speed during the first part of the 
journey is fully accounted for by the contour of the 
Great Northern line, there being, with the excep- 
tion of a short dip just past Hornsey, a steady 
uphill pull for the first 13 miles out of London, At 
Potter’s Bar, however, the line begins to fall, there 
being then a descending gradient to a point about 
183 miles from London, or a short distance past 
Hatfield. Then the Jine again rises almost con- 
stantly to the 24th mile, from which point there is, 
with the ye of a short rise near Stevenage, a 
continuous fall to the point of the collision, From 
the 20th mile post to Stevenage, 28} miles from 
London, the gradients are, as a whole, against the 
down traffic, but from Stevenage to Arlsey Siding 
there is first a down gradient of 1 in 200 for nearly 
5 miles (interrupted only by a short piece of level 
at Hitchin station), and then down gradients of 1 in 





264 and 1 in 440, the former being about 1} miles 
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long, and the latter extending through the site of 
the collision, We have thus every reason for sup- 
posing that the last 5 miles of the 13.3 miles above 
referred to was performed at a considerably higher 
speed than the first portion, and thus, that while the 
average for the 13.3 miles was 47 miles hour, 
the speed during the latter part of the distance is 
scarcely likely to have been less than 55 or perhaps 
more. 

Now it fortunately happens that the express to 
which the collision occurred was identical, as far as 
the number of vehicles is concerned, with the ex- 
perimental train sent by the Great Northern Com- 
pany to Newark last year, and some interesting 
comparisons are thus possible. As will be seen on 
reference to our report of the Newark trials (vide 
nage 523 of our nineteenth volume) the Great 

orthern train when running at as of 49} miles 

x hour was brought to rest by the tender and 

and brakes alone after running a distance of 
3591 ft., or, say, 1200 yards, the rails being wet. 
Taking the distances required to pull up as varying 
as the square of the s (although practically they 
increase more rapidly than this), the distance required 
«to pull up by the hand brakes from a speed of 55 
miles per hour would be about 1450 yards. But 
the distant signal at Arlsey Siding was 898 yards 
from the point of collision, and we thus see that 
even if the guards and driver acted with the 
promptitude which they displayed at Newark, it 
well have been necessary to apply all the brakes 
available some 550 yards before the distant signal 
was reached. But according to the evidence of 
Woodhouse, the distant signal (when being ap- 
proached from the south) could only be seen about 
200 or 300 yards, and thus we see that with the 
brake power provided on the train there was no 
chance of pulling up in time to avoid the collision. 
Again we may point out that the distance required 
to reduce a train to half speed is three-fourths of 
that reqnired to stop it altogether, so that the fact 
of the train having a speed of about 30 miles per 
hour at the moment of collision is fully accounted 


for, even if we suppose the hand brakes to have : 


been all on when the middle of the train was passing 
the distant signal. 

Next let us consider what would have been the 
state of the case had the train been supplied with a 
continuous brake. Even if we suppose that the 
driver was not aware of danger until just as he 
passed the distant signal there was practically 900 
yards to stopin, and with the results of the Newark 
trials before us, we cannot doubt that if the 
Manchester express had been fitted with any of the 
brakes there tried, which were capable of being 
worked from the engine, it would have been stopped 
before reaching the point of collision. Taking the 
‘*C ” series of trials at Newark (in which series the 
train was one on a signal being given to the 
driver) we find the Westinghouse automatic brake 
pulling up its train in 913 ft. from a speed of 52 
miles per hour, the Clark and Webb's brake stopping 
in 1337 ft. from a speed of 47} miles per hour, an 
the vacuum brake stopping in 1448 ft. from a speed 
of 49} miles per hour. Reducing these to the equi- 
valent distances for 55 miles per hour we should 
have about 335 yards, 594 yards, and 593 yards re- 
spectively, We thus see that while either of these 
brakes would in all probability have pulled up the 
train even before reaching the home signal at Arlsey 
Siding, the Westinghouse automatic brake as fitted 
to the Midland express trains would have afforded 
an exceedingly wide margin of safety, and would 
have prevented a collision even if the obstruction 
had been some 200 yards or so outside instead of 
inside the home signal. 

We have said that in the present state of the 
inquiry we do not deem it advisable to discuss the 
question as to the sufficiency or otherwise of the 
protection afforded to the shunting operations at 
Arlsey, but we shall return to the whole subject when 
the inquiry before the coroner has terminated. In the 
mean time we may repeat that with the evidence 
before us it is impossible to doubt that the collision 
might have been entirely avoided had the driver had 
an efficient continuous Toshe at his command, and 
this being so we most earnestly trust that the lesson 
may not be thrown away. We have elsewhere, in 


the present number, spoken of the steps taken on | pe 


the North British Railway towards the adoption of 
a | sony continuous brake, and we can only — that 
other companies yet unprovided with such brakes 
may accept the conclusions derived from the North 
British experiments, or may take similar steps to 
test the matter for themselves. 


CONTINUOUS RAILWAY BRAKES. 


On Friday morning last the competitive brake 
trials, between the Westinghouse automatic and the 
Smith vacuum systems, were resumed on the North 
British Railway. It will be remembered that these 
trials had been commenced on Tuesday, the 12th of 
December, by two runs between Edinburgh and 
Cowlairs with the automatic brake. Upon returnin 
to Edinburgh, however, to take out the train fit 
with the vacuum brake, it was found that the latter 
was not ready to start, and the trials were in con- 
sequence delayed. In referring to these trials in 
our issue of December 15 we described the ad- 
mirable and complete arrangement adopted for 
testing the relative efficiency of the brakes, and 
pointed out that for the first time in this 
country a means had been employed, by which 
every detail of the performance during the stops 
was recorded. That we are thus enabled 
to eliminate all elements of uncertainty during 
a trial, and to obtain a large amount of reliable 
and valuable data, is due to Mr. Westinghouse, 
whose apparatus for this — we have fully 
described and _ illustrated, e Committee ap- 
— to conduct the trials was the same as before, 

Ir. W. Cowan, of the Great North of Scotland 
Railway, acting as chairman, The weather was 


with auxiliary appliances. It may be mentioned here 
that these pumps are not considered as forming 

of the brake system, and those used in the trial had 
been employed on the Great Northern Railway 
simply for experimental purposés. On that line 
indeed, where vacuum brakes are bein ially 
fitted up, such appliances are not used. On the 
other hand they greatly assist the action of the 
ejector in promoting the promptness of the stop. 
It is somewhat to be regretted t no trials were 
made with this train without the action of the pumps 
in the van, as the stops recorded were in consequence 
more favourable than can be obtained by the brake 
as fitted in practice. Sandboxes, moreover, were 
placed in the van to facilitate stopping. The pumps 
are oscillating, and are driven of an axle of the van 
by a friction pulley, which works gearing that 
actuates the pumps. In one van the pumps are 
started by an independent rubber bag, which as 
soon as it begins to contract from the exhaustion of 
the air moves a lever and throws the driving wheels 
of the pump motion into gear. The guard of the 
train can put on these auxiliaries, independent of 
the driver, and the lattercan also put them on from 
the engine, but cannot release them. The average 
size of the rubber bags in the train was 15 in. by 
24 in., and the brake rigging was arranged with a 





leverage of 64: 36. 


TABLE SHOWING THE RELATIVE EFFICIENCIES OF AUTOMATIC AND CONTINUOUS BRAKES, AT INTERVALS OF 


00 rT., FROM MomMENT OF APPLICATION TO STOPPING TRAIN. 




































































EA 
2 d 
oe Train Speeds after Brake had been applied over a 
a = e a _ REMARKS. 
Ss $8 3 
t ; = 
§ v “2 ae 
Ae 100 | 200, 300| 400| 500; 600, 700| 800| 900|1000|1100|1200 1300 $/8 
vias?) tt. | te. | tt. ft. | ft. | ft. | fe | tt. | tt.) fe. | te) te. | tela |e 
7| 40 +| 40 — 38h) $7}) 34 | 30 | 253) 18]... |... |... . | 800) 224 } 
8} 444 | 44 | 43 | 413) 39 | 363 32 | 28 | 224) 124) ... vee | 950) 2 | th V 
9} 45 | 44g | 443) 43'| 419) 384) 353) 313 a 214 ii | * " |1020) 254) | Sa 
10| 493 } 494 | 49 | 48 | 464| 435 414! 38°| 34 | 298) 24 / 16 | ., 1170) 273! 4. Edinbow h 
2) 464 | 465 | 453 44 | 42 37 | 83 | 28 | 22$) 144 bane |1050| 26 | | nburga. 
13; 49° | 48% | 48$) 474) 463) 434| 402) 379) 833) 283/ 224) 123) ... 1138} 263) J 
| | | | 
2) 295 | 29§—| 27%) 233) 174! ... ree) ee 480 174! 
5) 40 394 38}/ 36 | 32g) 274) 22 | 15 | .., P ove | 740} 203 ove Diagram shows application 
6| 40 | 39 | 39$) 383) 363) 32h) 28 | 224) 16g) ... |... |... | see | ove | 860] 23 of brakes before indicator 
7| 49 | 49% | 49 | 48}) 47 | 44 | 42 a 85 | 80) 25) 18] | oe (1175) 26 || git vacuum, | Wass ; 
9} 495+/ 493 | 482) 48 | 463) 443) 2 384] 35 | 81 | 26 | 20] ... | ... [2195] 27 Fm emg 
11| 55 —| 54% | 54 | 53 | 52 | 50 474| 45 | 42 | 383) 35 a 25 | 17/1375] 28 aaa 
12) 54 =| 538 | 533) 523) 513) 484) 463) 43 | 39g) 363) 32 183) 8 |1310] 28 gow. 
13) 40g | 40}—| 39$/ 38 | 36 | 32 | 27 | 214) 12 | 2. | we ve | ove | 830) 23 
14, 40° | 398 | 39 | 38 | 35 | 314) 263) 203) 10 | *.. |... | 2. | 2. | ZS | eno} 225 
15| 493+] 49§ | 493! “eH 48 | 46§) 443, 42 | 384) 35 | 30}) 24 | 15§ .., [1250] 27 Not as promptly pat in action, 
ascompared with the other 
2) 30 29 4 | BOR! cco | ave eco | cco 350) 13 |, stops, - 
3} 30 +| 283 | 22/ 13 soe oy Fem 328] 13 
4/40 | 398 | 87 | 83 | 25g) 164 ie hae 550| 16 
5) 40 +] 39 313) 254) 17 | | 550) 16 
6) 49g | 49§ | 47§) 435) 40 | 85 | 285) 21 | ... 798| 19 
7) 50°—| 49g | 48 | 49) 88 | 834) 274] 20 | — | | 777| 183|| Westinghouse 
H HY} Bs 26 A 2 ow on a en iio it — Diagram shows increasing 
10| 55 53g | 52 | 48 | 43 | 39 | 35 | 28 |} 20, 7 910} 21 to Edinburgh. | speedfor75ft. Brake not 
12) 54 534 | 52 #) 443) 40j) 363) 30 | 23 15 952) 21 — ——— com- 
} | pai other stops. 
13} 56 —| 55 | 53g) 514) 484) 45 | 414) 98 | 34g 283) 23 | 174) ... | = 26 on ct = engine in 
wor! notch, 
14) 54 | 534 | 52 | 49 | 464) 433) 40 | 873] 32g) 283) 22 | 14 re |1158) 264 os Steam on in full stroke. 
| . | | | 


























such that the rails were not in a condition very 
favourable for quick stopping, especially early in 
the morning. It improved, however, later in the 
day. The trials commenced by arun from Edin- 
burgh to Cowlairs with the train fitted with Smith's 
vacuum brakes, This train consisted of a four- 
wheel coupled inside cylinder engine, with a two- 
wheeled Adams bogie under the leading end, the 
total weight being 36 tons; a tender weighing in 
running order 20} tons; eight i ; two 
vans borrowed from the Great Northern Railway, 
fitted with pumps to assist the brakes, and weigh- 
ing nearly 27 tons, and the experimental van 
containing the recording apparatus, weight 9 tons 
14 cwt, The total weight of train, including 
ngers, was officially given as 173 tons. 

here were in all 60 wheels in the train, all car- 
riage and van wheels being 4 ft. in diameter, engine 
wheels 6 ft. 5 in., and bogie wheels 2 ft.9in. All 
the vehicles excepting the two Great Northern vans 
were on four wheels; the latter had six. Brakes 
were applied to every wheel throughout the train, 
except on those of the engine bogie and of the ex- 
rimental van, equivalent to a weight of 21 tons, 
so that 87.88 per cent. of the weight of the train 
could be controlled by the brakes, There were in 
all 54 brake blocks, 42 of iron, and 12 of wood, all 
having a contact surface of 16in, The wooden 
blocks were fitted to the Great Northern vans, 





which were equipped, as has been already stated, 


Two ejectors were fitted to the engine, one large 
double ejector for working the train and a single 
ejector for the engine, A large portion of the steam 
was exhausted up the chimney, and no fall of boiler 
= was observed during the application of the 

e 


On the run from Cowlairs to Edinburgh a number 
of stops were made and diagrams taken, but as it 
was found that the larger number of the blocks were 
almost or quite in contact with the wheels before 
the application of the brake, a stop was made at 
Edinburgh, and the blocks were adjusted. For this 
reason we may pass over this first series of stops 
without comment, cially as better results were 
obtained on the second run, when the state of the rails 
had improved. On the second trip fifteen stops were 
made and records taken of ten. Thespeeds at moment 
of application of brakes varied from 29} to 55 miles 

r hour, a stop with the former velocity being made 
in 17} seconds and a distance of 480 ft., and with 
the latter in 28 seconds and 1375 ft. It was intended 
that the last three stops should have been effected 
without the aid of the pumps in the van, but the 
order to this effect was misunderstood or disregarded, 
excepting that they were not put in a by 
the driver. Even this change recorded itself in a 
marked manner upon the diagrams taken, It should 
be mentioned that in all cases the stops made were 
remarkably steady and free from shock. 





After the second run, the vacuum train was left at 
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Cowlairs, and the Westinghouse train brought back 
to Edinburgh. This train was very similar in 
weight to theformer. It consisted of engine, tender, 
nine carriages, one ordinary van, and the experi- 
mental brake van. The total weight was 166.5 tons; 
brake blocks were —_ to 50 wheels out of the 
56 wheels carrying the train and the ————- of 
braked weight to total was 85.75. e engine was 
of exactly the same class as that employed for the 
vacuum train. Between Cowlairs and Edinburgh 
14 stops were made, and complete records of 13 
of them were taken. The speeds varied from 
30 miles to 55 miles per hour, and the stops from 
13 seconds, and 328 ft. for the former to 21 ft. and 
910 ft. for the latter speed. Two stops were 
made at 56 and 54 miles per hour ctively, 
without steam being shut off, and under these 
circumstances the train was stopped in 1172 and 
1156 seconds respectively. 

The Table on the preceding page records the inter- 
mediate speeds of the train when in the act of stop- 
ping, that is to say, the successive reductions at in- 
tervals of 100ft., from the initialspeed when the brake 
was applied, until the train came to a state of rest. 
From this Table it will be at once seen that the effect 
of ‘the Westinghouse brake is almost instantly felt ; 
whilst that of the vacuum brake is much more 
gradual. It will be remembered that some time 
since (see p. 336 ante) we referred to some interesting 
comparative trials made at Pittsburg with the two 
brakes, especially in order to ascertain the loss of 
time incurred between the moment of application 
and that of full effect. The results thus obtained 
by observation are corroborated by those given in 
the Table, which are measured from the diagrams 
taken during the trial. These diagrams and the 
results to be deduced from them we shall publish 
next week. Meantime we content ourselves with 
placing on record the occurrence of this competitive 
trial, and the general facts connected with it. 

We should add in conclusion that both brakes 
were tried under exactly similar circumstances, and 
that the same instruments were used in obtainin 
the results in both series, with the full approval an 
concurrence of the representatives of the automatic 
and the vacuum systems. 


THE SOCIETY OF TELEGRAPH 
ENGINEERS. 

TuE above Society held its second general meeting 
on the evening of Wednesday, the 13th inst., when 
the officers were elected for the coming session. 

As we propose in future to publish a compre- 
hensive statement of proceedings of this Society, it 
may be as well to state that its meetings are held 
during the winter months on every second and fourth 
Wednesday of the month, at the Institution of Civil 
Engineers, in Great George-street, by permission of 
the President and Council of that Society. The busi- 
ness Offices are at 4, Broad Sanctuary, Westminster, 
where is also the valuable library recently be- 
queathed to the Society by the late Sir Francis 
Konalds, and which is probably the finest collection 
of works on electricity extant. 

The meeting was practically for general business. 
The names of twenty-two new members were sub- 
mitted for election, and at the close of the evening’s 
proceedings twenty-one, previously nominated, were 
ballotted and duly elected, The annual report, 
which was of a highly satisfactory character, was 
read and adopted, and the present of a marble bust 
of the late Sir Francis Ronalds from Dr. Siemens, 
a portrait of the late Mr. J. L. Ricardo, whose 
name will ever be associated with the early estab- 
lishment of the electric telegraph, from Mr, Frank 
Webb, as also a portrait of the late Alexander Bain, 
from Mr. Latimer Clark, announced, The discussion 
on Mr. Jamieson’s paper ‘ On Lightning Protectors 
for Submarine Cables and other Purposes,” was 
then resumed, during which the meeting was 
addressed by the President, who explained his 
early labours in this field, Mr. Latimer Clark, Mr. 
W. H. Preece, and others. A communication from 
the honorary secretary for France, accompanied by 
aspecimen of a lightning protector employed by 
the French Administration, was also read. 

_ The discussion may be said to have shaped itself 
into the question whether it were better to separate 
the plates of a protector by someinsulating medium, as 
thin sheet gutta-percha, or paraffin paper, or to allow 
the layer of air existing between them to remain the 
only medium. It was pointed out by Mr. Preece 
that, in the one case, paraffin paper undoubtedly 
fist between the two plates is a dielectric of very 
h resistance, whilst on the other the plates are 








obliged to be sar further apart, in order to 
prevent fusion between the two plates, and so in- 
terrupt the working of the circuit. Thus the actual 
resistance between the two plates—that connected 
with the line wire and that connected with the earth 
—which has to be overcome by the potentiality of 
the atmospheric discharge, is ineell 3 on a pretty 
equal footing. From this Mr. Preece makes a very 
fair and reasonable deduction. He suggests a 
compromise between the two methods, viz., the 
employment of a medium which shall of itself 
separate the plates, and at the same time afford 
certain air spaces as well, as for instance perforated 
paraffin paper. 

The meeting was indebted to Mr, Latimer Clark 
for the explanation of a model of a very simple and 
apparently useful form of protector, which, it was 
aioeed, had come under 
some time since, but which had not been, from 

ressure of other matter, put into practical use. 

t consisted of a plain metal 
would be attached to the earth, a metal plate 
similar in size and shape to the base plate, but 
pierced with holes reduced towards their 80 as 
to receive a number of loose points, which when 
the upper plate is lifted off will drop into these 
socket holes, and yet, when the plate is allowed to 
rest upon the earth, will in making contact with the 
lower plate be retained in their position, and make a 
sufficiently good contact with the plate itself to 
insure the passage of electricity of such a high 
— as that obtained from atmospheric causes. 

etween the two plates is placed a thick film of 
carbon, or a | grvay of thin paper, upon which the 
points referred to above are allowed to rest, not 
with sufficient force to make holes in it, yet so as to 
afford the arrangement all the advantages known 
to be derived from points as a means of discharge 
for electricity of high tension. 

The desirability of interposing a small piece of 
se | fine platinum wire between the cable and the 
land line, and the further protection of the cable by 
the vacuum tube protector, was not contested. 

It is satisfactory to learn, as was shown by Mr. 
Preece, that progress is being made towards arrest- 
ing the damage sustained generally throughout the 
country, no less by the postal than by the various 
railway telegraph systems from the effect of light- 
ning. It is at first sight a curious incident that 
here in England, with the advan of many years’ 
experience, and with the application yearly of im- 
proved means for preventing it, telegraph apparatus 
should suffer to so much greater an extent than in 
other countries — even those in India — where 
electrical storms are so much more serious in their 
character and disastrous in their effects; but the 
reason is, as Mr. Preece remarked, to be found in 
the fact that telegraph wires and telegraph appa- 
ratus are with us as a cobweb spun around and above 
the entire land. The consequence is that the most 
puny thunderstorm cannot approach our shores 
without embracing in its influence many miles of wire 
and many telegraph instruments, and when we realise 
the fact that this network of wires embraces some 
170,000 miles of wire and some 20,000 instruments, 
the damage experienced, in comparison with other 
countries over which the wires and instruments are 
few and far between, will not appear so startling. It 
would appear that the experience of the postal tele- 
graph system is to the effect that in 1872, some 


1200 faults, and from November 1, 1875 to No- | 2565 uni 


vember 30, 1875, some 442 faults arose from light- 
ning. This is a very satisfactory diminution, and 
although it is possibly in measure due, as was 
pointed out, to the diminution in the intensity and 
the frequency of the storms which passed over the 
country during each year, yet it shows Plainly 
enough that its ravages are being grappled with, and 
we may fairly hope will in a reasonable time be 
brought within practicable bounds. That the effects 
of lightning will ever be felt to a certain extent may 
be expected ; such discussions as these will, however, 
do much towards finding such redress as is to be 
obtained from experience and science, and that to 
which our remarks have reference will no doubt be 
fruitful at some future day in producing some further 
improvement on the recognised systems of the 
present day. 


TESTING STEAM ENGINES. 

In an article bearing this title, published in 
our last number, we dealt with some criticisms which 
have recently appeared in Ze Engineer on the system 
of testing steam engines introduced by Mr. b. W. 
Farey and Mr. B. Donkin, Jun., and in bringing our 





. Clark’s observation | first 


e, which when fixed ne 





remarks to a close we commented briefly upon some 
errors which our contem had fallen into in 
dealing with the calculation of the steam con- 
sumption of an engine from the data afforded by 
Mesars, Farey and Donkin’s mode of testing. The 
length to which our last week’s article had extended 
prevented us from entering fully into this branch of 
our contemporay’s misconceptions, but we now 
propose to have something to say concerning it. In 
order that the views of the writer in Zhe ineer 
may be fairly laid before our readers it will be 


n that we should give a somewhat Jength 
extract Be his article of the 8th inst. It apd 


follows : 
* Let us su that cncneine is wesling vite initial 
ressure of 78 lb., and a terminal pressure of 101b., Messrs. 


‘arey and Donkin deal with this in the following way : they 
ascertain the units of heat contained in 1 lb. of steam 
at 78 lb. absolute. The total latent or diffused heat in this 
pound of steam is 895.53, while the sensible temperature 
rres nds to the number of units t into the water to 
raise it from zero to the boiling point was 310.11. All this 
latter quantity is found in the steam subsequently, so that 
the total units of heat in 1 Ib. of steam are 310.11 + 895.53, 
or 1205.64. This statement is based on the assumption 
that water can exist as water at zero, which isnot true. A 
— of water at zero would be in the condition of ice, and 
thaw this ice it would require to be raised first to 32 deg., 
16 unite only, the opecilc heat of ioe’ being litle wre tiers 
units only, specific heat of ice being little more than 
half that of water. Next we should uire 142 deg. to 
melt the ice, and 278 deg. to boil it, and 895.53 units to 
evaporate it. The units of heat contained in a pound 
of 8 at 78 Ib. would thus be 16+142+278 +895.53= 
1331.53, All this heat could be recovered only by reducing 
the steam once more to the position of a lump of ice at zero. 
In practice we have, however, only to deal with what we ma 
» for convenience, as the maximum temperature of 
the steam, and this is 1205.64, or, in round numbers, 1206. 
Let the initial temperature of the condensing water be 
50 deg., and its terminal tem; ture 100 deg. Then, sub- 
tracting 100 from 1206, we have 1106 as the number of 
w each d of steam can be lowered in 
temperature. In other words, that is the number of heat 
units which it can abandon under the conditions. Then 


08.12 Ib. as the quantity of condensing water re- 


quired per pound of steam. Let 600 Ib. of water be used 
per horse power of the engine per hour, then 33.197 


27.12 Ib. of steam per horse per hour. If now, instead of 
using the initial pressure, we use the terminal pressure, say 
10 Ib. on the square inch, we should have 1172—100=1072, 
and 1 = 21. Ib. of condensing water per pound of steam, 


and °° —ogip. within a small fraction. 
21.44 


**Now, the question whether an engine uses 27 lb. of 
steam or 28 lb. of steam per horse per hour may be one 
of very considerable im when a certain rate of 
economy is guaranteed bya maker. In the use of highly 
economical engines the difference mes much more 
startling. Let us suppose that only 450lb, of condensing 
water were used per horse power per hour ; then by Messrs. 
Farey’s method of calculation the consumption of steam 
oui reach 20.34 lb., while on our plan it would reach 
20.98 lb. Engineers who appreciate the enormous difficulty 
met with in cutting down the ne of steam by 
$1b., when they have got it down to 20lb. or thereabouts, 
will appreciate the importance of the point involved. 

vs Mr. Farey has a right to ask us why we propose the 
use of the lower instead of the higher temperature. The 
length to which this article has extended, renders 
it necessary that we,should deal with this part of the 
question very briefly. It is quite true that each d of 
steam as it entered the cylinder brought with it 1206 units 
of heat; but, as we J op ye out last week, it is impossible 
that this heat should all be carried away. Work is done 
in the cylinder which will absorb per horse power per hour 
its, which is equivalent to the condensation of 


2.53 lb. of 78 lb. steam to water at 193. But we have seen 
that heat units in a pound of 78 lb. steam are 1206, while 
there are in a pound of 10 lb. steam only 1172 units. Now 
whenthe steam falls by expansion from the higher to the 
lower pressure, the difference of 34 units becomes available 
for the performance of work ; and to this purpose it is at 
once devoted in the cylinder. It appears, therefore, that 
the e ion of about 76 lb. of steam per hour from 78 lb. 
to 10 lb. would set free heat equivalent to one horse power, 
and in an engine using 76 Ib. per horse per hour three 
would be no condensation whatever due to the performance 
of work. In an engine using one-third of that quantity, 
or, say, 26 lb., one-third of the whole heat req for the 
performance of work could be supplied in this way by ex- 

ion, and the whole quantity condensed would amount 
to but two-thirds of 2.53 lb., or 1686 Ib. only. 

‘* Let us now compare the results of the two methods of 
dealing with the matter. In the case we have stated for 
illustration, the consumption of steam would be 27.12 lb. 
per horse per hour, neglecting that condensed in the perfor- 
mance of work. But we have seen that this last would 
amount to a trifle over 2.53 Ib. per horse, and the total 
consumption of steam will stand at 27.12 + 2.53 = 29.65 Ib. 
We do not think it necessary to do more than allude here 
to the fact that the steam condensed by work will carry 
heat to the condenser which ought to be allowed for. 
The quantity is small, and it is unnecessary to complicate 
the oe at issue by it. Now, if the 
cal 


tion were made as we have suggested, the con- 
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sumption of steam noes amount to, as we have shown, 


bers, 28 To this must be added the 
pan nay Pras mse | in the performance of work ; this 


ill necessarily be ivalent to 2.53 Ib., and the figures 
nid stand 28 + 2.58 = 30.53 Ib., if it were not that each 


of the steam has s' in falling from 78 lb. 

10 Ib. 34 units of heat. We have therefore available for 
the performance of work 28x34=952 units. | Then, as 
2565 units : 2.58 Ib. : : 952 units : 0.93, and this fraction 
of a pound of steam is to be deducted from 30.53, leaving 
the actual consumption 29.6 Ib., which is practically the 
same as that given by Messrs. Farey and Donkin’s system. 
This is, however, in this case, but a coincidence, for it is 
obvious that while 2565 units of heat per horse hour is 
an invariable quantity, the means by which that heat is 
obtained may vary through very wide limits, and the same 
statement is true of the heat which is set free for the per- 
formance of work—and so used—by the expansion of the 
steam. Even if this were not the case, it is surely 
better to act on a correct rather than an incorrect hypo- 
thesis ; and as we know that a pound of steam at 10 lb. 


ressure cannot possibly carry to the condenser as much 
eat as a pound of steam at 78 lb., to accept the truth and 


deal with it.’’ 

We have here some ve 
very curious statements. In the first place we find 
tke writer in our contemporary speaking as if the 
Fahrenheit zero was absolute zero, and stating that 
the quantity of heat which would be required to 
convert a pound of ice at a temperature of 0 deg. 
Fahr, into a pound of steam at 78 lb. pressure as the 
“total units of heat” contained in that steam. ‘Then 
again he speaks of the ‘‘maximum temperature” 
of the steam being 1205.64, whereas the tempera- 
ture is but 310.2 deg., the heat absorbed in the con. 
version of waterinto steam of course involving no rise 
in temperature. We will, however, pass over these 
and many other instances of loose writing and come 
at once to the question raised 5 Sieg contemporary, 
namely, whether the initial or final pressure of the 
steam should be used when calculating the steam 
consumption. The writer in The Engineer argues 
this point at much length and maintains that the 
final pressure is that which should be used, his 
examples, however, showing that both modes of cal- 
culation lead to the same result. This, however, 
he explains is ‘but a coincidence.” Let us see if 
we cannot place the matter in a somewhat clearer 
light. 

“To facilitate the comparison of our figures with 
our contempo ’s, we shall, as he has done, 
neglect the losses of heat by radiation, and the 
effect on the condensing water of the discharge into 
it of the water due to the condensation of steam in 
the performance of work, while we shall also take 
the ‘total heat” (referred to Fahrenheit zero) of 
78 lb. steam as 1206 deg., although it is really 
1208.6. Now the data on which he makes his long 
and tortuous calculations are that his imaginary 
engine used 6001b. of condensing water per horse 
power per hour, that this water is raised from 
50 deg, to 100 deg., that the steam supplied to this 
engine has a ‘total heat” of 1206, and that 2565 
units per horse power per hour have to be supplied on 
account of the heat converted into work. Now the 
calculation of the steam consumed is really very 
simple. Here we have an engine discharging into the 
condenser 600 x 50=30,000 units of heat per horse 
power per hour, and requiring 2565 units per horse 
power to be supplied in the cylinder, the total being 
thus 30,000+2565=32,565 units per horse power 
per hour. Again, each pound of steam entering the 
engine contains 1206 units (referred to Fahrenheit 
zero) and leaves as water at a temperature of 
100 deg., thus giving up 1206—100=1106 units on 
its way through the engine. Therefore the steam 


82,565 _ 99.44 1b. of steam per 
1106 
horse power per hour, ‘ 

This is the whole matter ; but instead of this the 
writer in Zhe Engineer would have us turn our atten- 
tion to the final pressure, then make a correction 
for the difference between the total heat of this steam 
and that of steam at the initial pressure, and then 

roceed in the roundabout way of whic. an example 
is given in the above extract. In other words he 
first desires us to subtract 1172 from 1206, and 
discover that the difference is 34, and then 
wants us to divide the 32,565 by 1172+34 in- 
stead of using 1206 at first! This is really what he 
does in his example, but in a more roundabout way. 
Lastly, he discovers that the fact that the quotients 
given by the two operations are ‘practically the 
same ;” but utterly unconscious of the mare’s nest 
he has been describing, he explains that this is ‘‘ but 
a coincidence.” Further comment on this is un- 
n 


loose writing and some 


consumption is 





heat which is converted into work. In the subjoined 





figure let a 4 cd e be an imaginary indicator diagram 
and g f the line of absolute vacuum. Then the 
total work done during the a to which te 
one refers is represented by the areaade fg, 
and for the portion of this work corresponding to 
the rectangle a/g, the heat is supplied by the 
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boiler, the steam merely acting as a transmitting 
fluid, just as water serves to convey force from an 
accumulator to a hydraulic crane. For all work 





In conclusion we may say a few words on the | Pp 


done after the cut-off has occurred—namely, the 
work represented by the area d c fh—the heat has 
to be supplied by the steam in the cylinder, at the 
rate of 2565 units per horse power per hour, the 
horse power here meant being that due to the 
areabe fh. If now the area 6 c¢ fh is equal to 
the area a 4 c de, as it often may be in non- 
condensing engines, and sometimes in condensing 
engines when the vacuum is bad and the degree 
of expansion large—then there will have to be 
supplied by the steam 2565 units per hour for 
each indicated horse power, If on the other hand 
the areaa bc de is larger than 4 c f h, then the heat 
to be supplied by the steam for conversion into 
work per indicated horse power will be smaller than 
2565 units in the inverse ratio. In other words 
the quantity of heat which the steam in the 
cylinder has to supply for conversion into 
work per indicated horse power per hour will be 
2565 xareadc fh 


units, 
areaabcde 
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NORTH LONSDALE IRON AND STEEL 
COMPANY’S WORKS, ULVERSTON. 
(Concluded from page 498.) 

In our last article on these works we described 
the arrangements for dealing with the slag, and re- 
ferred specially to a kind of double crane employed 
to shift the slag boxes from the trucks on which they 
had been filled to other empty trucks on which they 
are again conveyed to the last furnace. We now, 
as promised, annex engravings of this crane, showing 
its position with relation to the trucks, &c. Taken 
in conjunction with our former description, the 
view, Fig. 20, given on the next page, will make the 
whole arrangement clear. We may add that this 
mode of dealing with the slag boxes, which possesses 
many conveniences, originated, we believe, with 
Mr, Charles Wood, of the Tees Iron Works, 
Middlesbrough, who has worked out the details of 
the plan very neatly. 

Gantry.—The total length of the gantry is about 
600 ft., and it is divided into nineteen bays, six of 
these being appropriated to coke boxes. There is a 
double line of railway on the top carried on 
wrought-iron girders, and the hand railways at 
each side, which are 25 ft. apart, are carried by 
cast-iron girders of light and ornamental construc- 
tion. 

When the six furnaces are all in blast the lift 
described in our issue of the 15th inst. will have to 
lift to the level of this gantry upwards of 18,000 tons 

er week, this weight including that of the trucks, 

he trucks containing the ore, coke, and limestone, 
after their arrival on the gantry at the lift end, are 
caused to run by gravity with very little manual 
assistance to 7 part of the gantry assigned to 
their contents, the gantry having a gradient at the 
top of 1 in 120, down from the ‘itt end to the hy- 
draulic drop. 

As the wagons are emptied they run forward on 
to the table of the drop, which, without any manual 
attendance, but actuated by the weight of the 
wagon, at once lowers them in an expeditious but 
easy manner 35 ft. to the level of the ground. 
The trucks leave the cage automatically and run 
into the siding for empties. 

Gantry Drop.—The wagon drop just referred to is 
one constructed on the plans of Mr. T. Wrightson, 
of the Teesdale Iron Works, Stockton-on-Tees, and 
it is somewhat similar in general design to the steam 
lift at the other end of the gantry, seeing that in 
both cases there is a long vertical cylinder carried 
by cross girders the ends of which rest on two brick 
lers. Inthe case of the drop, however, the object 





the plan very generally adopted for lowering wagons 
vertically has been to absorb the power by brake- 
straps acting on the circumference of large drums, 
the brake being regulated by hand through the 
medium of a lever. This plan, however, though 
extensively employed, has many disadvantages. 
Accidents more or less serious to the wagons are not 
of unfrequent occurrence, and the brake straps fre- 
quently require repairs. The form of drop at the 
works under notice, however, being controlled by a 
water cataract is not liable to any of these casual- 
ties, and the valve connecting the top and bottom 
of the cataract cylinder together being once ad- 
justed, any number of wagons are safely and auto- 
matically lowered without any attention from an 
attendant, The cage or table of the drop is con- 
structed of wrought iron and is altogether similar 
in design to the cage of the lift already described, 
but somewhat lighter in its strengths. The piston 
rod is 4 in. in diameter, and the internal diameter of 
the cataract cylinder, which is constructed in three 
lengths, bolted together with flanges, is 12 in. The 
general design of the whole structure will be clearly 
seen on reference to Figs. 15, 16, and 17 on the 
double-page engraving published with our number 
of the 15th inst., while the enlarged detail view 
on the opposite page will enable us to explain 
‘the principle of the drop and the mode of operating 
it, ‘The hydraulic cylinder, which we have already 
stated is 12 in. in diameter, is of sufficient length 
to allow of a piston stroke corresponding to the 
distance which the wagons have to be lowered, in 
this instance 35 ft. The cage is hung from the 
piston rod which connects it with the piston C, the 
rod working through a stuffing box at the bottom 
of the cylinder. The top of the cylinder is also 
fitted with a cover, above which is a small tank sup- 
plied with water by a ball-cock asshown. In the top 
cover is a small adjustable hole which insures the 
cylinder being supplied with water, while through 
this hole, and another small hole, G, formed in the 
piston, any air which might otherwise collect below 
the piston can escape. 

A pipe H connects the top of the cylinder with the 

bottom, the pipe being fitted with a cock J, by which 
the rate of flow through the pipe, and consequently 
the rapidity of descent of the cage can be adjusted. 
The cage is counterweighted, and is held in its upper 
position by suitable stops. When the wagon to be 
lowered is run on the table these stops are withdrawn 
and the wagon then descends, forcing the water from 
under the side of the piston through the pipe Hand 
cock J, to the upper end of the cylinder. On reach- 
ing the o— the contact with the latter withdraws 
stops which held the wagon in place, and the latter 
then runs forward off the table automatically. 
As soon as the cage is relieved of the weight of the 
wagon it rises again, being drawn up by the counter- 
weight, and on its arrival at the top of its course it 
is again locked by the stops already mentioned, and 
is thus ready to receive another wagon. It will 
be noticed that the capacity of the cylinder per foot 
in length below the piston is less than that above, 
owing to the displacement of the piston rod, the 
difference in the capacities being compensated for 
by the flow of water from the tank into the cylinder 
during the down stroke, and from the cylinder into 
the tank during the up stroke. The pipe O, shown 
in the figure annexed, coiled round the lower end 
of the cylinder, is a steam pipe, and enables steam to 
be used when necessary to prevent freezing. The 
whole arrangement is simple and effective. 


Furnace Lift——The materials are removed from 
the various depéts in iron barrows to the furnace 
lift, ing on their way over the table of one of 
Pooley’s 2-ton furnace barrow weighing machines. 
The furnace lift is a brick tower 116 ft. high by 
about 17 ft. by 28 ft. in horizontal section, and it is 
built in the form of three shafts, as shown by 
Figs. 18 and 19 of the two-page engraving pub- 
lished with our number of the 15th inst. Two of 
these shafts are provided with light wooden guides 
for guiding the cages, and the third one, which is 
4 ft, 6 in. in diameter, is fitted with a cast-iron spiral 
staircase from top to bottom. The shafts for the 
cages are rectangular, and each measures 10 ft. 6 in. 
by 12 ft. inside. They are provided with openings 
at the ground line and at the level of the gangway 
at the top for the passage of the barrows. The 
entire lift to the charging platform of the furnaces 
is 81 ft. 

In this case the moving power, instead of being 
below, as usually arranged, is placed at the top of the 
tower, and consists of a double cylinder winding 








is to absorb a force and not to exert one. Hitherto 


engine fitted with reversing gear. ‘The diameter of 
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the cylinders is 9 in. with a stroke of 12 in., and on the 
crankshaft are two pinions working into two wheels 
on an intermediate shaft. At the middle of the 
latter shaft is keyed a larger pinion gearing into 
the main spur wheel, which is 12 ft. in diameter. 
On each side of this spur wheel is a grooved pulley 
carrying a steel rope i$ in. in diameter, The ropes 
are made to fit the grooves with exactness, and they 
only pass half round their respective pulleys, the 
ends being attached in pairstothe two cages: Thus 
while one cage is going up the other is going down, 
and the work is done entirely by the friction of the 
ropes in their grooves. In order to secure equal 
tension on both ropes the attachment is made to the 
cages by a double lever similar to a balance beam, 
which immediately yields to any unequal stretching 
of the ropes. It will be perceived that the moment 
the descending cage reaches the bottom, the strain 
on the ropes is relieved, so that they will no longer 
hold sufficiently in the grooves to enable the ascend- 
ing cage torise any higher. It follows that over- 
winding cannot take place. The length of steam 
pipe required to work the engine at this elevation 
1s found quite unobjectionable in practice. 

We have now completed our description of the 
North Lonsdale Iron and Steel Company’s works, 
and we need only say in conclusion, that not onl 
the general arrangements, but also the details of the 
a, reflect great credit upon the engineers, Messrs 

owson and Wilson, upon whose plans the works 
have been carried out. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday being a 
holiday there was no iron market at Mid brough, the 
makers, merchants, and brokers, having previously ar- 
ranged to observe a holiday. The prices of pig iron are 
based upon No. 8 selling at 45s. 6d. per ton. 


The Finished Iron Trade.—Most of the mills and forges 
are closed for the Christmas holidays, and will not be 
opened until the 3rd of January. Owing to this general sus- 

msion the pig iron makers’ stocks are increasing, deliveries 
or the present being stopped. During this month trade 
has improved, and it is hoped that the coming year will 
bring with it a general revival. 
year has been worse in this district than it has been for 
many years. Orders for iron rails cannot be had. The 
salvation of the district is the demand for plates. 


The Exact Position of the Finished Iron Trade.—The 
true position of the North of England manufactured iron 
trade will be best ascertained by the ap 
Mr. Waterhouse, of London, the accoun' 
of Arbitration for the North of land. ‘‘ To the Chair- 
man and members of the Board of Arbitration and Concili- 
ation for the Manufactured Iron Trade of the North of 
England. Gentlemen,—Having collected from the 
and companies belonging to your Board the returns of thei 
sales of manufactured iron during the three months ending 
the 30th November, and haying verified the same 
examination of the books, I certify the —— net 

price per ton for that period to have been 61. 16s. 





Y | tons. 


Business during the past | gin 





Beneath is a statement of the different classes of iron sold, 














and the average net selling price of each. Sale during the 
three months ending 30th November, 1876 : 
! laverage 
: Av Net 
~~ Weights In- Percentage A 
Description. voiced. "of Total. | —s 
| on. 
tons cwt. qs. lb &a d. 
Rails 18,489 18 2 6| 17.59 | 6 0 10.41 
Plates 46,236 1010 | 44.00 |7 3 5.04 
Bars 24,083 11 12); 22.92 6 7 4.17 
Angles 16,276 5 2 4 15.49 | 6138 5.59 
Total | 105,085 16 122 | 100.00 | 6 16 6.22 








‘*T am, gentlemen, your obedient servant, 
(Signed) ‘* EpwIN WATERHOUSE.” 

This return shows the increased depression in the rail 
trade, as the extent of rail production was smaller for the 
quarter than has been the case during the period of bad 
trade. Inthe return issued in February last the manu- 
facture of rails amounted to 38,237 tons, or 33.37 per cent. 
of the four classes of iron. In the return for the 31st of 
May the production was 28,971 tons, or nearly 27 per cent. 
In the return for the 31st of A t the tonnage was 
22,133 tons, or 23.69 per cent. e return just issued, 
therefore, presents a very marked reduction. The in- 
crease of the make of plates on the — has been nearly 
7000 tons; of bars 3000 tons; and of angles about 5500 
The production on the quarter ending August was 
93,431 tons, so that there has been a considerable increase 
during the quarter now ended, bearing out the general 
belief lately prevailing that there has been an augmenta- 
tion of the finished iron — other than rails. Ina 
good state’of trade rails have averaged more than 50 per 
cent. of the whole iron manufacture. In 1873 they averaged 
more than 81,000 tons oo | args against (as above shown) 
less than 18,500 tons for last quarter. The average net 
price per ton of the four classes of iron for the quarter 
shows a considerable reduction. In the quarter ending 31st 
of August the average net price was 61.19s. 7d. In the No- 
vember quarter the rate was 6/, 16s. 6d., or 3s. 1d. less. 

The Wages Question Again.—The wages question is 
again under the consideration of the North of England iron 
manufacturers. There is to be a meeting of employers and 
employed on an early date next year to discuss a revision 
of wages. 

The Coal and Coke Trades.—There is no alteration in 
the coal and coke trades. 

Shipbuilding and Engineering.—Shipbuilders and en- 
ineers are busy. On the Tyne, Wear, and Tees there is 
every probability of these industries being kept actively 
employed for months to come. 








NOTES FROM THE NORTH. 


Wednesday. 
Glasgow Pig Iron Market, — Flatness prevailed in the 
pig iron market last Thursday forenoon, but a good busi- 
ness was done in warrants at 58s. 7d. prompt, also at 
58s. 73d. ten to fourteen days, and 58s. 9d. one month, 
closing sellers 58s. 74d. prompt, bu; for cash in ten 


days. There was a continuance of the flatness in the 
afternoon, and business was done at 588. 7}d. fourteen 
days, closing with sellers at that price, buyers 14d. less. On 





the followiug da; 
again showen a 


the warrant market and 
ight rene ie reves obeacdet tte. Oa. 




















fourteen days to 58s. 44d. cash, closing sellers 58s. 6d. eight 
days, buyers 58s. 6d. fourteen days. No business was re- 
ported in the afternoon, and the closing quotations were— 
sellers 58s. 6d., buyers 58s. 44d. cash. Over the week 
there was a decline of 6d. on the price paid papel org ad 
Friday. Monday ge ee oy Day, the usual pig iron 
market was not held. en the market reopened yesterday 
forenoon flatness was again the order of the day, but a 
—_ amount of business was done at 58s. 14d. to 58s. 2}d. 
cash, and at 58s. 3d. to 58s. . one month. A large 
quantity of warrants c hands. At the close buyers 
offered 58s. 44d. one month to pay, sellers 58s. 3d. prompt 
cash. There was a steady market during the afternoon, 
with business done at 58s. 44d. one month, closing sellers 
58s. 3d., buyers 58s. 14d. cash. The market was steady 
this forenoon, when a business was done in warrants 

58s. prompt cash . 1}d. ten days, and 58s. 3d. to 
58s. 1}d. one month, closing sellers 58s. prompt, buyers 
58s. 14d. one month. There was a continuance of the 
steadiness during the afternoon, and 4000 tons changed 
hands at 58s. 14d. one month open and fixed, closing 
sellers 58s., buyers 57s. 104d. cash. ‘The protracted negotia- 
tions re ing the settlement of the Eastern question 
seem to have imported a spirit of caution amounting almost 
to despondency, which, along with the continued unsatis- 
factory character of the Continental trade reports, does 
much to hinder any probable improvement in the pig iron 
trade. Itis believed in many quarters tha’ 


+ it requires but a 
slight change in these conditions to make a + improve- 


ment in the trade, as everywhere out of Scotland s' 8 are 
at the barest possible point. Shipping iron is —_ in 
sympathy with the dulness in warrants. prices 


Th 
are E poy eavy, and tending towards seca, it 
should be borne in mind that December and January are 
the dullest months of the year, and months when stocks are 
us gathered in preparation for spring shipments. The 
stock with Messrs. Connal and Co. was increased last week 
to the extent of 3561 tons, the total then being 106,861 tons. 
Last week’s shipments amounted to 9842 tons, as against 
10,526 tons in the corresponding week of last year. ‘There 
are still 116 blast furnaces in a the number in blast 
at this time last year being 114. 

Manufactured Iron.—The rolling mills in Lanarkshire 
continue to be busily employed, and are likely to be so for 
some time tocome. The deaire to buy forward is not so 
keenly manifested as it was some weeks since, but there are 
few works whose books are not well filled with orders for 
some time ahead. Prices remain unc’ 

The Scott-Moncrief Pnewmatic Tramway Car.—Trials 
of the steam traction engine onthe Govan Tramway having 
terminated, it is in’ that Mr. Seott-Monerief? "8 pneu- 
matic car shall commence running on that line on the 4th 
of January under a similar ment to that which was 
made between the Vale of Clyde Tramways Com 
Mr. Hughes, of Loughborough. Mr. Scott-Moncri 
recently introduced important improvements, both in the 
storing of the air and wn ben | it effectively, in the pre- 


sent car. He is now making her car for 

tramway line between G! and Ibrox on the * 
road. Yt is full antici that this new car will ‘orm 
a journey of eight miles upon the level with one charge 





A German Miuitary Rattway.—A military railway 
has been laid down by the men of the railway regiment of 
the Prussian army. whole length of the line is 284 
i at Berlin and at Zossen with the 


miles. It is connected 

line from Berlin to , and on the same level as 
that railway. At Zossen the line branches off to the 
artillery shooting ground. 
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(For Description, see opposite Page.) 


Fig. 5. 


























FOR CUTTING OFF AND CENTERING SHAFTS, &. 
CONSTRUCTED BY MESSRS. FERRIS AND MILES, ENGINEERS, PHILADELPHIA. 




















NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, ‘hae ag 
Water Supply 73 Mexborough.—A 8 


tase i farther at the ee of supp 
with water. A letter was read fro 
Brundell, ‘em stating that his scheme could be now 
carried out for 6000/., as since his 
ipes and ironwork generally had become 
cheaper. The S scheme could not be pS out for 
fees than 60002., ules the works were to be very greatl 
reduced in extent. 1 
fallow th fownahip to be soplied by a private com 
Local Board the right to waew the 
at any time at 10 per 
The South Yorkshire ne Miners? 9 Associatinn +—The split in 
association now appears to be 
separate union for Derbyshire is receiving the support of 
the great majority of the miners in that county. 
Contemplated Purchase of Retford 
Silty of ean Seas Seen aan eee the de- | rese 
sira| _pumamng wor! Ug he -y~y o! 
the ratepayers met on Thursday last 
proved, ae dissent, the preliminary 
acquisition of the undertaking by the town. 
Gas se teseemar at 8 ld. 7 a & 


sinking jit, ree t in "the Bt Paul’s school- 
doing some damage, seriously i 

a man living on the premises. 

oughton Main Colliery, near Darfield.—At the new 
Colliery, near Darfield, South 





shafts of the Houghton Main 








Yorkshire, considerable is being nen tet ym 
ings. Very great difficultios have been encountered, chiefly 

of water, but they have been overcome. The 
shafts are being sunk to the Barnsley bed, which will be 
reached at a depth of about 420 yards from the surface, in 
about nine months hence. 


Gas and Water Supply of Ilkeston.—The Local Board 
of Ilkeston have determined to apply to the Local Govern- 
ment Board for a loan of 16,0000" which sum is to be ap- 

ge Ss oe an efficient water su w i 
The Board are also taking steps 

naa ~ Wha now carried on by a ~ 4. com- 

pany. 

Water Supply of Worsborough, Blacker Hill, and 
es short time “4 va aes) Board 

nspector an ing as water su these 
very thickly inhabited eall and ; 


ewes then to o & sup from the 
Se Oe ee ein eels 
> m found wholly im 
— = Board has now to construct 
to contain a fourteen days’ supply from the 


Sesncier wantin, Gall tanies ail te thence to the places 
to be supplied. A loan of 450,0001. will be applied for in 
the first instance. 


NOTES FROM THE SOUTH WEST. 
Moly Bice ov Bun Does Light.—A memorial has been 
forwarded from the Bristol Chamber of Commerce to the 
President and members of the Board of Trade—Harbour 
Corporation to place a ranat the nemil Post instead ef 
figh on 
Morte Stone, in opposition to the opinions and expressed 














wishes of some of those interested in the question in the 
Channel. 


Bristol 

cy, Iron Company.—The shareholders in this 
Company have adop a resolution empowering the 
directors to increase "he nominal capital of the company, 
and to issue debentures subject to certain limits. 

Utilising a Coal Field.—The Nanty lo and Blaina Iron 
Works Company is preparing to “ ly develop ’’ its ex- 
tensive and valuable coalfield by sub-letting large tracts of 
coal. this means the company immediately secure 
a ble addition to its permanent income from 

. There remains to be raised at least 60,000,000 
tons a hsk-densok and the directors see no reason why 
the beter Ay its lessees should not shortly be sending to 

000 tons annually. An increase in pro- 
duction will increase the company’s noes 5 from tolls 


collected on its railway, and one of the apes Roe 
— has entered upon tiations for 
he line, which is of considerable value. 
A Bad Year’s Work.—In the year en August 13, 
mpany sus- 


fa ae ag aay ge “r-x ~ Works ; 

loss on its and wor operations o 
63,2197. Part of this loss arose from depreciation in the 
value of stocks which were taken by Mr. Radf .E., 
at the lowest price of the day. Part arose from the ex- 

treme bad state of trade, which has occasioned a serious 
fall in the selling prices of iron and coal ; and part from 
an incorrect value a year since to the stock of 
small coal then held te tee company. The ~——- put 
its last blast furnace out of blast in September, 1876, and 
its iron works are now at a complete stand. 


Dowlais.— The Dowlais Company is pushing forward 
deep workings in the Bedlinog district. 
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TRAVERSE PLANING MACHINE. 


CONSTRUCTED BY MESSRS. RICHARDS, LONDON, AND KELLEY, ENGINEERS, PHILADELPHIA. 
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Tue illustration above is a side elevation, to a scale of 
one-twenty-fourth, of a wood planing machine from the 
designs of Mr. J. Richards. It will have some interest to 
eur readers as an example of machine framing in wood. 

In changing from wood to iron frames for wood-cutting 
machines, which has been done in nearly all cases, there 
has been an evident gain not only in strength, rigidity, 
and adaptation, but also a saving in expense as well where 
the frames are required to be i in form; but in 
some cases, such as the long planing machines employed 
in America, there are some very good reasons for adhering 
to wooden frames, or frames composed in part of wood 
and part of iron. The length of machine such as that 
shown in ENGINEERING is seldom less than 50 ft., and 
generally 80 ft. or 100 ft.‘when intended for railway car- 
riage work. The carriages being from 25 ft. to 50 ft. long, 
would, if made of iron, be very expensive, and wholly un- 
adapted in respect to weight for the quick movements 
which are commonly provided. 

The construction of such carriages has been, we are 
informed, one of the most difficult matters which the 
makers of the present machine have had to contend with 
where great length was required. Detachable sections of 
cast iron gave way to wrought-iron frames covered with 
wood, which are now employed for the highest class 
machines, while for most cases the “ glued up” carriages, 
such as shown in the drawing, have been adopted. 

These carriages, as well as the main framing, are com- 
posed of boards or planks thoroughly seasoned, planed 
true, and then glued together so as to form solid beams 
of the required size. en built up in this manner and 
well painted the framing and carriages are not liable to 
spring, are stiff, light in height, and answer all require- 
ments for ordinary purposes. 

In the machine illustrated the gearing seen below is 
nearly all supported in a single iron bracket, which 
connects the two sides of the frame together where the 
upright standards are attached. On the top the gearing 
is also mounted in an iron frame or cross girt, so that but 
few attachments ofthe running parts are made directly to 
the wood. The carriage movements, which are more 
elaborate than usual, are controlled by the levers shown 
in front. The vertical one is for reversing the carriage, 
and the other two to vary the speed, which has three 
rates forward and back. The speeds are controllable 
from one point and without changing belts. 

The detached vertical shaft shown at the rear is 
employed when the driving belt comes parallel with the 
machine or diagonally. In that case the shaft shown on 


top is omitted. The speed of the cutters is from 10,000 ft. 

to. 12,000 ft. a minute, and the machine is capable of 

dealing with lumber 24 in. wide and 18 in. thick. Both 

TLuller and larger sizes are made, the arrangement being 
same. 
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AXLE CENTERING MACHINE. 

We publish on the opposite page an illustration of a 
double centering and cut-off machine by Messrs. Ferris 
and Miles, of Philadelphia, U.S.A., and which was shown 
by them in the late Centennial Exhibition. In this ma- 
chine the axles, crank pins, or shafts to be cut off square 
and centered, are held in powerful self-centering chucks, 
shown in Fig. 5, which admitshafts up to 8 in. in diameter. 
The bed A (see Figs. 1 and 2) of the machine sustains 
two movable carriages B and C, which can be fastened at 
re point upon it by means of bolts aa playing in slots 
6 6 upon its upper surface. These carriages serve as 
bearings in which revolve the self-centering chucks above 
mentioned. The driving gear consists of a cone D with 
three steps for a 4 in. belt keyed upon a splined shaft E, 
which traverses the whole length of the machine passing 
through the carriage B but outside of CO. 

Within the carriage B are two pinions cc’ (Fig. 2) of 
different diameters, playing upon the splined shaft E and 
driven by it. These gear with two spur wheels d d‘ upon the 
intermediate shaft F, which has an internal clutch operated 
by the hand lever L, by means of which either spur may 
be engaged or both left free. This enables the above 
to change instantly from one speed to another without 
shifting the belt, or to stop the revolution of the chucks 
without waiting for the slower movement of the belt 
shifter; it also gives six c 8 of The inter- 
mediate shaft F has cut upon it a pinion F’ which gears 
with a large spur wheel G. keyed upon the boss of the 
chuck H. The carriage C has no driving gear attached 
to it, its chuck receiving the rotary motion of carriage B 
through the axle or shaft stamped in its jaws. 

For convenience in placing axles or shafts in the 
chucks and in removing them, there are placed on the 
bed of the machine two stands which carry rollers, as seen 
at I, in Fig. 6 ; these rollers can be adjusted to suit shafts 
of any diameter. The tool slides JJ are placed one at 
each end of the shaft or axle to be cut, and outside of 
the carriages Band ©. They are to be adjusted ly 
for cutting the shaft or axle to the desired length. The 
tool slides receive their motion from the splined shaft 
E by means of the worm screw f, worm wheel K, shaft 
k, pinion 7, and internal gear L. This gear runs loose 
upon the cross slide screw m when not fastened by the 
pinch bolt n to the crank N. 

The workman can therefore screw the cross slide back 
and forth at will by hand, can start his cut by hand, and 
then with a single turn of the hand nut O, Fig. 4, can join 
the pinch bolt with the annular slot P of the internal 
gear L, binding it fast to crank N, and thereby driving 
the tool slide J by power. Conversely when the tool has 
reached the centre, or the depth required to be cut, he has 
only to slacken the hand nut O, and without changing 
his grasp withdraw the tool slide. A segment blade g 








ints as 
ends of 


under the tool serves to elevate or depress its 
required. By means of the double tool slide 
the shaft are cut off at once. 

Each tool slide is vided with a centre drilling 
attachment th a hinge joint Q, so that itmay 
be thrown back out of the way when placing or removing 
an axle or shaft, and driven by flat or round belts, as 
preferred, on pulleys ss’, which are tightened by the 
mere action of bringing them down into position, so as to 
revolve the drill with the proper velocity. .By means of 
the lever L the driving gear may be thrown out and the 
shaft remain stationary if preferred while drilling the 
centres. The gears are all neatly boxed over to avoid 
danger to the workman, and to keep out dirt and chips. 
The carriage and also the tool slides are made with ample 
trays and channels for receiving and removing the waste 
used in cutting. 


THE IRON ORES OF WEARDALE. 
AtrHouas, in the Northern iron district, the 
immense resources of the Oleveland iron fields have 
thrown into the shade less vast iron deposits, and al- 
though in periods of lowness of price the working of 
some of the latter may be discontinued temporarily, it 
must not be forgotton that in the Northern district there 
are iron ores in the different geological measures which 
are rich in metallic iron, and which have been profitably 
worked to some considerable extent. The ironstone of 
the coal measures has been worked near Wylam, at 
Shotley Bridge, and other places, and the deposits of 
ironstone connected with the mountain limestone have 
been worked at Hareshaw, Ridsdale, and other places. 
The mineral veins which traverse this mountain lime- 
stone are often rich in iron, and it may be interesting to 
glance a little in detail at one of the most notable of the 
deposits thus found, that of the spathose carbonates and 
hydrated xide of Weardale. -Their use is largel 
owing to the exertions of the late Mr. Charles, Attwood, 
of Tow Law, to whom it is said that a native of Weardale, 
working in one of the lead mines there, brought some 
y eae of the ironstone wishing to know the nature of 
e mineral. As the story is related, Mr. Attwood took 
measures to secure a lease of the royalties, but found 
himself forestalled by a Mr. Rippon, who had heard of 
the discovery. Whether or not this story is true it seems 
a tolerably well-founded tradition that the Weardale area 
had been worked some centuries ago, and that Mr. Cuth- 
bert Rippon built a furnace to smelt these ores, which 
subsequently passed into the hands of Mr. Attwood, who 
built others at Tow Law in 1847, and worked to some 
In ana yes. Watlegton’ Ww Smyth, F.G.8 
& paper G ; .G.8., on 
“ The of Iron considered in their Geological Re- 
lations,” read before the Iron and Steel Institute, the 
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writer states that it is only within the last 25 years 
that inquiries after steel irons, and more recently after 
the means of making spiegeleisen, have attracted atten- 
tion to the class of ores to which that found in Weardale 
belongs. He adds that “the late Mr. Charles Attwood 
was the first to utilise the considerable quantities of this 
mineral present as “rider” in the veinstones of many of the 
lead mines in Weardale and other parts of the North.” And 
it may be interesting to notice that exceedingly interest- 
ing speculations were indulged in in regard to this class of 
ores in the North. The origin of the carbonate of iron, 
and the period of its being deposited were alluded to, and 
the general tendency of the information elicited was to 
lead to the belief that the prevailing impression was that 
parts of the limestone had been “eaten away by mineral 
waters passing through the channel of the veins, ” which 
had apparently “contained some material capable of 
dissolving the limestone at their sides, ” so that in many 
instances a crystalline deposit had been formed, the 
original limestone having apparently disap ed, and 
been “replaced by materials more like those which formed 
the vein.” Mr. Smyth ventured the supposition that if 
waters ‘“‘containing bi-carbonate of iron in solution were 
making their way through those channels, ”—the fissures 
wherein the lodee were formed—they would “ have power 
to dissolve portions of the limestone adjoining and at the 
same time the carbonate of iron would be thrown down.” 
In some cases a very mixed carbonate might be seen ; in 
other cases, such as the Weardale deposits, there was a 
purer carbonate of iron. 

Mr. Isaac Lowthian Bell, M.P., has also briefly touched 
upon the subject. He, after describing the Weardale 
ores as being found in the veins of the mountain lime- 
stone either as sparry or spathose carbonates, or as 
hydrated peroxides, adds that the latter are “no doubt 
resulting from the joint effects of atmospheric and 
aqueous action on the former.” It may be interesting 
here to give, as quoted from Dr. Richardson, the com- 
position of a specimen of Weardale spathose ore. It is as 
under : 


_ ~ Lar “2 
me and magnesia t 
Silica - 95 


Loss by heat... eve as sue is 35.50 

Mr. Attwood furnished to a work on the industries of 
the Tyne, Wear, and Tees, analyses showing the composi- 
tion of both kinds of ore, and these may be given as 
under, the first being that of the spathose ore: protoxide 
of iron, 49.77; peroxide of iron, .81; protoxide of man- 
ganese, 1.93; lime, 3.96; magnesia, 2.83; carbonic acid, 
37.20; sulphur, .04; phosphoric acid, trace; water, 0.30 ; 
insoluable residue, 3.12. That of the hydrated peroxide 
is: peroxide of iron, 71.11; protoxide of manganese, 
6.60 ; lime, .56; magnesia, 1.90; alumina, .40; carbonic 
acid, .13; phosphoric aeid, .22; water, 12.40; insoluble 
residue, 6.32 ; protoxide of copper, trace. At first, Mr. 
Bell states, that immense labour. and research were in- 
curred, with frequently only unsatisfactory results. As 
experience with the veins and their contents accumu- 
lated the results were highly satisfactory. As to the 
yield of the mines, we may quote from the mineral 
statistics the figures for the most recent years. In 1874, 
the mines worked were, with their output, as follows: 
Red Vein, 8741 tons; Groove Rake, 4208 tons; South 
Groove Rake, 3339 tons ; North Grane, 8965 tons; West 
Slitt, 15,517 tons; Rowantree, 5015 tons; Rowantree B., 
1172 tons; Rowantree Quarry, 7349 tons; Levelgate, 
360 tons; Levelgate Quarry, 5663 tons ; Slitt Pasture, 
7537 tons; and Queensbury, 17,620 tons. The total 
produce of the twelve Weardale mines is given as 
85,491 tons for the year named, and the value is stated 
as 51,888/., but last year the quantity fell to 34,828 tons. 








AUTOMATIC ELECTRIC RAILWAY 
SIG 3. 

WE propose in the present article to give a description ot 
two systems of automatic electric signals which are of 
recent date and especially intended for railway working. 
The first of these, the invention of Mr. George White, 
Elgin, North Britain, Doctor of Medicine, claims to pro- 
vide: First. A complete electric communication between 
all parts of a train, whereby the engine-driver, or other 
person in charge of it, may be made aware of the detach- 
ment of any portion of it; and which may also be em- 
ployed for communication between and guard, 
and between guard and engine-driver. Secondly. The 
establishment of an absolute. block system of signals, 
embracing a means of signalling between a train in motion 
and the station or crossing which it may be approaching. 

Dealing first with the block system. There is a train 
apparatus and road apparatus. @ first consists of three 
or more metallic contacts, which are attached to some 
part of the engine or other vehicle of the train in such a 
manner as shall place them in contact with corresponding 
metallic contact plates fixed on the roadway, and which 
form the road apparatus.. The ends of the contact pieces 
attached to the engine are fitted with either a metallic 
brush or a piece of metal, hinged and supplied with 
springs so as to allow of either a forward ora backward 
movement, by which means it is sought to insure a 
good contact with the plates fixed on the roadway. 
These plates are electri connected, as shown in Fig. 1., 


viz., Nos, 1 and 2 are joined, 2 and 4 are also in metallic 





connection but with a battery in circuit, 3 and 4 are also 
similarly connected, but having both a battery and a bell 
in circuit. No. 5 is a projection fitted with a roller wheel 
at its extremity, so as to assist it in riding over any object 
which may come in its way, and yet allow of its exercising 
considerable pressure upon it. Its junction is mechanical 
not electrical, and its object will be described further on. 

Along the line at intervals convenient for the amount of 
traffic to be dealt with, are placed metallic contact plates 
8a, 4a, corresponding to contacts 3 and 4 on the engine. 
Attached to these contact plates are insulated wires cc, dd, 
which are connected with the semaphore line signal S, in 
such a manner that when the semaphore arm is raised they 
shall be electrically united; but when it is depressed or 
lowered the connexion shall be broken. 

Secondly, a semaphore S, placed at a sufficient distance 





into contact with plates 38a and 4a on the line. The wires 
in connexion with these latter are disconnected at the sema- 
phore post S, the arm being depressed. Hence no signal is 
given on the bell placed in circuit with the battery between 
the points 3 and 4 on the engine, and it passes on to the 
signal post, where the projection & rides over the lever L, 
which it depresses, and so raises the semaphore arm to 
“danger.” Here it is locked, as shownin Fig 2. The train 
now arrives atC. Contacts 3 and 4 again come into con- 
tact with plates 3a and 4a at this point, but no signal passes, 
the arm being lowered. The lever L is again operated, and 
the arm of S’ raised to “ danger.” We now arrive at D, and 
here plates 2 and 4 on the engine, and plates 2a 4a on the 
line come in contact ; the electrical circuit from the battery 
on the engine, through the wires aa, bb, through the mag- 
net at the post S, is completed, and the arm lowered by the 


















Fig .7. 















































in advance of the line contact plates 3a, 4a, to allow of a 
train pulling up between the two points. 

Thirdly, a lever L, so as to be conveniently acted upon, 
i.c., depressed by the projection 5. This lever is attached 
in such a way to the semaphore S that when depressed by 
the passing train it raises the semaphore arm. 

Fourthly, at some distance in front of the semaphore S’ 
and lever L, are placed other two insulated metallic contact 
plates 2a and 45, corresponding with the contacts 2 and 4 
of the engine. Attached to these plates are wires a a, bb, 
which are carried back to the semaphore in the rear, and 
there connected to an electro-magnet arranged within the 
semaphore. 

The semaphore is self-locking. Its action is illustrated by 
Fig. 2, wherein the continuous lines show the arrangement 
when the arm is at ‘“‘ danger,” and the dotted lines that when 
the arm is lowered. The lever L (Fig. 1) is connected with 
the crank G. On its depression by a passing train, G is 
moved from the dotted position to that shown by the fall 
lines. As the arm is being thus raised, the bolt F is pressed 
in against the spring R by the catch-piece F’ until it passes, 
when the bolt is again carried forward under the influence 
of R, so as to prevent any downward movement of the arm. 
The arm is now at “danger,” and is locked there by the joint 
action of the bolt F and catch-piece F/, To the spring 
is attached the insulated wire cc, and to the boss of 
the signal arm is attached that marked dd (Fig. 1). 
The boss has a projecting piece or contact maker a, 
which is electrically connected with the wire dd; 
and thus when the arm is raised the wires cc, dd are con- 
nected through this contact piece a and the spring C, but 
are disconnected when the arm is not full “ on.” The bolt F 
is fitted within a rocking bar B, pivotted at D, its move- 
ment being limited in one direction by the stop-pin E, 
whilst its other end rests upon the catch-piece, which 
descends from the keeper K of the electro-magnet M. The 
object of the spring Sis to keep the rocking bar pressing 
against the stop-pieee E, from which position it is moved 
by the greater power exerted by the catch F’. The ten- 
dency of the arm is to fall to “all clear.” F’ is thus kept 
pressing against the bolt F, which is again kept in its posi- 
tion by the catch-piece attached to K. It therefore only 
requires an outward movement of K to release F’. This is 
done by the passing of the electric current through the coils 
M. When the magnet M becomes excited, its keeper K is 
drawn towards its poles, and so frees the rocking bar B, 
which becomes tilted up by the weight of the falling sema- 
phore, F’ passes the bolt F, and G assumes the detted posi- 
tion, the arm standing at “ caution ” or “clear,” as may be ar- 
ranged. This locking arrangement is protected by a water- 
tight case,.so as to preserve it from the effects of bad 
wea 


We may now follow a train through a section and observe 
the ac’ion of these several parts. Let A be the engine fitted 
with the several contact plates 1, 2, 3, and 4, and carrying the 
projecting piece 5, with the small friction roller at its ex- 
tremity, Arrived at B, plates 3 and 40n the engine come 








action of the magnet M (Fig. 2) in the manner previously 
explained. The train is now in section 2, protected by the 
signal S’, and section 1 is free for a following train. Ap- 
proaching E, we observe the signal S? stands at “danger,” 
the wires cc, dd arein circuit at the arm, and immediately 
plates 8 and 4 of the engine make contact with plates 3a, 4a 
on the line, the electrical circuit through the bell and battery 
will be complete, and remain so as long as the plates remain 
in contact. The engine driver is thus warned of the signal 
being “‘ on” against him, and adopts the usual means for 
bringing his train to a stand before reaching S?, should it still 
remain at ‘‘ danger.” The process is therefore for the train to 
first protect itself by raising the signal to “ danger” as it 
passes it ; then to obtain an audible or other indication of the 
condition of the signal in advance; then to again protect 
itself by raising the second signal to “danger,” and finally 
on this being done to release or clear the signal first raised. 
Thus there remains always one signal, and at times two 
signals, for the protection of the train. The last signal of 
a section of line is placed under the command of a signal- 
man or station master, who is also provided with a bell, 
automatically rung on the approach of a train. On the 
receipt of such warning, and the station being clear for the 
incoming train, the signal is lowered from the station, and 
again raised to ‘‘ danger” by the train as it passes it. 

In the drawing, Fig. 1, the line contact plates are shown 
between the rails, but they may equally well be placed by 
the side of the rails, the contact plates on the train being 
arranged to correspond with them. Two wires are also 
shown, but it is obvious that one may be replaced by the 
earth, the second wire shown being merely a return wire. 

If it is desired to signal ¢o a train in motion from any 
given point, it is merely necessary to connect such point 
with the roadway contact plates 3a, 4a, by wires similar to 
those in connexion with the signal-posts; when, if these 
wires be connected, or, if only one wire be used, and it is 
put to earth, the bell on the engine will ring on its passing 


C | over the contact plates. 


The passenger and guard communication, and the break- 
away arrangement, is sonewhat cumbrous in comparison to 
that employed by Mr. Preece, who was, we believe, the first 
to introduce this form of communication into this country ; 
or with that in use on the South Eastern and London, 
Brighton, and South Coast Railways. Three wires are em- 
ployed in the place of one. Their arrangement is shown in 
Fig. 3. Attached to each carriage are a series of elastic 
metal contacts, a, 5, a’, b’, d, e, insulated the one from the 
other, connected by insulated wires z, y, z. When the 
carriages are separated a’ is in contact with 5’, as shown at 
ce (Fig. 3, 2), but when the carriages are coupled a’ is sepa- 
rated from 6’ by means of a and 6 coming between them, as 
shown atc, 1,2. In the guard’s van is a switch for con- 
necting the wires y z, by means of which the guard can 
ring the bell on the engine: Switches may be connected to 
the wires x and y in connexion with cords carried into the 
carriages, or the switches may be connected with x and z. 
If with the former, on pulling the cord, both the bell on the 
engine and that in the van would ring; if with the latter 
the bell in the guard’s van only would ring. Even supposing 
a railway company were inclined to adopt a system of this 
character requiring three wires, it appears to us considerable 
inconvenience would arise from the necessity of coupling up 
the carriages only a certain way. For instance, if coach 2 
were turned about the communication would be entirely 
stopped—the connexions would not accord. 

The second invention is that of Mr. William Nickson 
Haggard, of. Westwood Park, Forest Hill, and it has fer its 
bspecial object the working of the ordinary semaphore or 





other railway signals under the block system. 
Certain machinery is attached to each signal-post. The 
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signal, whether of the semaphore or other type, falls to 
“danger” by gravity. In doing so it operates certain gear, by 
which it is held under control, viz., a large wheel carrying a 
toothed part freely axled upon the shaft, which actuates the 
signal, and which engages with a toothed sliding piece fixed 
upon the same shaft, by means of which the action of the 
shaft and wheel may be rendered interdependent or other- 
wise. There is also, firmly keyed upon the same shaft, a 
notched wheel, governed by a catch-piece, projected from a 
rod actuated by a lever laid alongside the metals, so that 
the wheels of a passing train may depress it, and so carry 
the catch-piece during such depression away from the wheel. 
The large freely axled wheel first named is in gearing with 
another, directly or indirectly, which carries upon its shaft 
a rotary electro-magnet, the wire or wires of which are 


carried along the line to a certain point, which determines 


the end of the section ; arrived at which, the train is per- 
mitted to remove the danger signal from against following 
trains. The object of this rotatory electro-magnet is towind 
up the signal from the “‘ danger” to the “all clear” position, 
and the wire or wires in connexion with it are brought into 
circuit by a rail lever or treadle, which in its turn is actuated 
by the wheel of the train. 

Thus, a train arrives at a signal, the wheels depress a 
lever, which releases the catch-piece from the shaft govern- 
ing the signal, and the signal now rises to “danger.” The 
shaft, having been disengaged from the large free wheel, has 
run down or revolved under the influence of gravity, rais- 
ing, or allowing the arm of the signal to be raised, to the 
danger piston. This has been effected without occasioning 
any movement of the electro-magnet, because the wheel in 
connexion with it attached to the signal shaft is free; it is 
not keyed upon the shaft, but free to revolve without the 
shaft, or to allow the, shaft-to:revolve without it. But to 
this freely revolving wheel’ is attached a. tooth-piece, and 
fixed upon the shaft is also a‘sliding tooth-piece, The latter 
is now caused to engage ‘with the former, and so bind the 
whole in one, so that the movement of any one position 
shall produce a corresponding movement of the other. 

The train now arrives at the point at which the treadle is 
laid for releasing the danger signal. The electrical circuit 
is completed, and the rotating electro-magnet has to wind 
off, or overcome the influence by which the signal was placed 
to “danger” sufficiently to bring it to the “‘all clear” position. 
The electrical circnit is complete only during the time the 
shaft is running down, is remaining down, andis being wound 
up, i.¢., at all times;except when ithe signal stands at “all 
clear.” : "t 

Dr. Whyte’s system for actuating ‘the line signals, 
appears to be feasible and simple. It is said to have been 
in use, experimentally; on the: Highland Railway, ‘and 
to have worked satisfactorily. We, however, reco 
—what we are afraid must be pronounced—three grave 
defects in it. 

First, it is fundamentally wrong in that the signal is so 
arranged that it shall gravitate to “ all clear *—" safety.” 
The effect of this would be that any derangement of the work- 
ing parts, as for instance that at Fig, 2, the spring R, or 
the sticking of the armature K, would leave the signal 
always at “ clear.” 

Secondly, the signal is discharged to clear by a momentary 
current of either polarity, so that any foreign current, 
whether derived from anothet wire or from the atmosphere, 
would discharge it. rd 

Thirdly, we fear that to make the action of the instru- 
met reliable, a high battery power must be used, for the 
pressure upon the discharging armature K must, in order to 
make it safe, be considerable. 

The system of aural signals, adopted by Dr. Whyte for 

warning the engine driver of the presence of a danger signal, is 
equally simple and feasible ; but it is equally erroneous on 
principle, inasmuch as the absence of a signal indicates safety; 
¢. if the bell on the engine is from any cause prevented 
from ringing, the engine driver is told the line is clear, and 
he can go ahead at the usual speed. It may be urged, there 
is still the line signal to guide him, but we fear the posses- 
sion of an audible signal, such as is proposed, would with 
many men be their main check. It is an idea we do not at all 
encourage. To our mind it seems that greater safety would 
be secured by having but one signal, by which the driver 
should be governed. Let it be electrical or mechanical, so 
long as it works'with accuracy, but whatever it is, its normal 
condition must indicate “ danger,” and its organisation must 
be such that any derangement or failure of any one of its 
parts must cause it to record “ danger.” We do not advocate 
4 multiplicity of signals. On the reverse we say, let them be 
as few as is possible to secure safety. 
_ One of the advantages claimed by Dr. Whyte is that he 
is able to work his signals from the battery carried by the 
passing train. His object is no doubt to economise battery 
power, a battery being necessary for the passenger and 
guard communication, But unless the passenger and guard 
communication is employed, this reason falls to the ground. 
We do not at all share in the opinion that such an arrange- 
ment has any advantage. It is evident that if the battery 
were required for both purposes at the same time, viz. for 
the passenger communication, and for releasing the block 
signal, or for announcing to the engine driver the existence 
of a danger signal in advance, it would, unless the power 
were greatly in excess of that required for either singly, 
fail in performing one of the duties, 


Mr. Haggard aims to accomplish very much less than Dr. 
Whyte, but we fear the means by which he proposes to do 


scription which he advocates have never advanced beyond 
the scientific toy, and would be found wholly inadequate to 
the duty which he proposes to impose upon them. 








THE RESISTANCE OF MATERIALS. 
Note on the Resistance of Materials as affected by Flow 
and by Rapidity of Distortion.* 

By Proressor Ropert H. THurston. 

TuE effect of the “‘ Flow of Metals’ and of the force of 
polarity described by Professor Henry, in ifying their 
resistance to external stress and their strain, was alluded 
to by the writer in ing Transactions, as follows :+ 

“The same mo. movement, or flow, which re- 
arranges the internal force and relieves internal strain, may 
be a phase of that viscosity which Vicat su might 
euprensling ttc colghand diinete catbianan, 4a 
ai its origi i res’ > one action 
ate @ more immediate result than the other, and the 
latter producing its effect, even when cohesive force may 
have been actually intensified.’’ 

It was noted, however, that, in all cases in which ht 
iron and steel been subjected to stress exceeding the 
elastic limit, the metal had exhibited no tendency to flow, 
and that, in nearly every case observed, an actual “ eleva- 
tion of the elastic limit by strain” had taken place. No 
experiment had then been made by the writer in which the 
same sample had exhibited both the elevation of the elastic 
— by — . and = phenomenon ting flow. psi 

_Since ime, when experimenting upon copper, - 
diagrams produced automatically have been Rearved to 
exhibit this double effect. The elevation of the elastic 
limit has occurred in the earlier part of the test, and, at a 
a pone | the strain-diagram exhibits flow, the 
yielding under a gradually decreasing stress, progres- 

oe Aainetion, wilh bork hanes been eaaerst ar tae otines 

iron or steel, has, since ‘the date of ‘the pap bare i 
quently noted in other materials. For. the follow- 
ing are a few illustrations :} : 









































Tests by Torsion. 
& 4s |Material Parts.| Time ’ . 
2% sccchtemiiniina it | GS Hi Fall of | Remarks, 
5 Stress. fF Pencil.} 
yz, 8 | Tin. |Copper. & 
deg. 
Recov'ed after 
1 oe ° 40 hours } 65 | 0.06 in, {rarther distor- 
FY tion of 1 deg. 
2} 100}. 4. | Dhour [180/ Odin. {acre in 
aJg| a | a | 2 hours [290] 02 tm: Tee i 
4 99.44.| 0.56 [12 min’ts, |380* 50 per ent. not recover 
5. | 9889} 1 ars eS eee once like 
8 Alloy” | os | 68)" 02 in not reco ver 
' 
* Taking elasticity line. 
, Tests by Tramsverse Stress, with Dead Loads, 
Samples 1k1x22in. | , 
oo Material, 
S| Se a 
32 Tin. |\Copper. 3 : : A E 
oe Ib, in. in. | Ib. 
7 oe 100 600 | 0.534 | 5 minutes 0.009 650 
8 | 19 | 981 4 475| 1.762|)3 4, 0.291 |... 
oss ooo ase 500 | 2.108 | 3 e 0.488 500 
9 7.2 | 928 950] 0.348 )5 4, 0.081 | 1350 
10 | 10. 90. 950] 0.39 /5 ,, 0.021 bm 
sia ths w. =| 1485} 8447 [18 ,, 4.087 | 1485 
ll 90.3 9.7 100 | 0,085 |10 eo 0.021 
iy pes oa 120| 014 {10 ,, 0.055 
° 140 | 0,221 |10 ” 0.098 
140 | 0.319 |10 as 0,038 
140 | 0,357 |40 hours 0.92 
aa 160 | 0.294 |10 minutes 0,025 
; 160} 1.32 | 1 day ¢. 
ia 160] 232 |1 , 1. 
one eos soo 160 | 3.32 a 1. 160 
12_ |.98.89 lil 90 | 0.243 | 5 minutes 0.063 
ose we ese « 120 | 0.736 |15 ” 1,055 
“ 120 1.791 {30 ” 0.748 
120 | 2.539 |45 - 4, 0.595 
ose ooo eo 120} 3.134 |12 hours 8. 120 
13 100 eas 80 | 0.218 | & minutes | 0,064 110 























Metals having a composition mtermediate between these 
extremes have not been observed to exhibit flow or to in- 
crease deflection under a constant load. 

Tests by tension with similar materials exhibit similar re- 
sults, and these observations and experiments thus seem to 
confirm the remarks of the writer as above quoted, and to 
indicate that, under some conditions, the phenomena of 
flow and of elevation of the elastic limit by strain may be 
co-existent and that progressive distortion may occur with 
‘*viscous’’ metals. 

The paper referred to, enunciated a principle which had 
been deduced from experiments on wrought iron which is, 
if possible, of more vital importance to the engineer than 
the facts just given, viz., “That the time during which 
applied stress acts, is an important element in di i 
its effect, not only as an element which modifies the eff 
of the vis viva of the attacking mass and the action of the 


_* Paper read before the American Society of Civil En- 
eers. 
<x. **On the Mechanical rties of Materials of Con- 


struction,”’ vol. iii., page 13, of the Society’s Transactions. 
from the record books the Mechanical 








even this will be found to fail. Electro-motors of the de- 
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inertia of the piece attacked, but, also, as yori | 
seriously the conditions of production and relief of in’ 
strain by even simple stresses.’* ee 

It was then shown by autographic strain-diagrams, that 
some materials yield the more readily the more rapidly the 
distortion and rupture are produced, their resistance vary- 
ing in some inverse ratio with the yp of change. of 
form. It was further suggested that this action might be 
closely related to the = phenomenon of the elevation 
of the elastic limit by strain. An explanation was offered 
in the theory that, with rapid distortion, insufficient time is 
allowed for the relief of internal strain in materials capable 
of exhibiting that condition. It was further remarked that 
“the most ductile substances may exhibit similar behaviour, 
when fractured by shock or by any cmgreer applied force, 
to substances which are comparatively brittle,”’ and illustra- 
tions were given of such behaviour, and the precautions to 


nearly | be taken by the engineer, in view of this important modifi- 


cation of the resistance of materials by velocity of rupture, 
were stated. 

The writer has continued his experimental researches; 
with occasional interruption, since that time, and has foun 
the above given statements confirmed, and that relations 
exist between these phenomena of strain and the time under 
stress, which may properly be stated here as complementary 
of the principles already published in the two preceiling 
notes which have appeared in T'ransactions.+ 

Should it be true, as s by the writer, that the 
cause of lecreased resi , sometimes observed with 
increased velocity of distortion, is closely related to the 
cause of the elevation of the elastic limit by strain,} it would 
seem a simple corollary, that materials so inelastic and so 
viscous as to be incapable of becoming internally strained 
during distortion should offer ter resistance to rapid 
than to slowly Pome pores distortion, in consequence of their 
raided ib WA MRUA UML tity correspondingly ro 

: or correspon: y re- 

the fractured section. This principle has been shown, 
number of pune to be frequently, if not 
iy, the fact. er’, and other inelastic and 
and % are found to exhibit this be- 
haviour, and are, therefore, quite — in this respect 


fact that very soft wrought iron 
always exhibit an observable elevation of the elastic 
strain, and A. Beardslee, United States 

softest and most 


limit 
uote speginen af on yl fated by hin at the Washing- 


F 


Laboratory of the Stevens 
illustrate the proposition 
under a constant load 
rapidity of 


fj 


of deflections of a considerable number of 
J are very smooth when the time 
has been left upon them is the same ; 
been variable, the curve has 
such metals broken by transverse 
pve resistance to eidly. a 
stress intensified. 0 pieces o om 
bar a by tension, the one rapid and 
slowly. The first broke a load of 2100 lb. 
The seamele illustrates well the 
e in such cases, and 
possibility in extreme 
ol ts which may be fatally deceptive 

when the time of rupture is not noted. 

Autographic strain di , given by this class of metals, 
exhibit smooth, straight, and horizontal lines for long dis- 
tances on the paper where the distortion is produced by 
a uniform motion. ing the idity of di ion 
causes an immediate and sustained elevation of the pencil, 
and a decrease of velocity causes the line to droop toa lower 
level. In some experiments|| a torsion of one revolution in 
a half hour, te Sonn one Sere Sees 5 in diameter and 
1 in. long, just e\pencil on a horizontal line, 

Two test pieces bar were broken, the one 
rapidly the other slowly. The former gave a strain di 
of which the imum ordinate was a 50 foot-pounds 
higher than the maximum of the latter, the difference being 
nearly pol cent. of the higher. 

It is evident that, whatever the character of the material 
and whatever the velocity of rupture, the effect of the inertia - 
of the mass, and of not immediately affected by a 
shock, remains, and that its effect is always to reduce the 
resilience of the metal and its resistance to shock ; and this 


reduction may, in many cases, pore knee com; te the 


increase of resistance here noted poupeneg 9 apwaae to 
produce a sharp fracture which, with such blows as 
are given by cannon shot, for example, may resemble the 
wet characteristic of brittle and Saainile substances. 

The writer would, therefore, divide the metals used in 
construction into two classes : 

1. Metals subject to internal strain by artificial manipula- 

ion, and which may exhibit an elevation of the elastic limit 

by strain and decreased power of resisting stress under in- 
creasing rapidity of distortion. The ordinary irons of com- 
merce are typical of this class. | 

2. Metals of an inelastic viscous character, not subject to 


eEgkeSE iE FGe 

ae 

Eee 
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internal strain and not usually exhibiting an elevation of the 
Transactions, vol. iii., p- 363. 
oe The Mr. Wm. Kent. 


* Transactions, vol. iii., page 30. 
Transactions, vol ii., page 3 239. Vol. iv., page 334. 
Whose work has been referred to in earlier 'raners. 
Made for the writer with great care and skill by his ? 
The inertia of the. weight in these examples, has no 
measurable effect in modifying those results. 
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elastic limit by strain and which offer increased resistance 
when the ra nie of distortion is increased. Tin is a 
typical example of this class. 

t is obvious that the value of the former class for the 
construction of the engineer is vastly greater than the 
latter, = especially for permanent loads and low factors 

of saf 


The depression of the elastic limit has been observed 
previously in materials, but less peeien has been paid to 
it than the importance ‘of the phenomenon would seem to 
demand. The prema lating be te exhibits the strain dia- 

iypr 


uced by p he results of experiments.* 
nay de 


fer wl and as representing 
e two classes of materials descri 
the experiments the bar was mounted on 


cylindrical steel bearings, which were themselves supported | p 
on accurately planed level surfaces, and the deflection was 
produced by means of a powerful screw and a hand- 
wheel. The weight was measured by a Fair scale 
—— and the deflection and sets by a mea- 

ratust which reads to 0.0001 in. with an error 
of 0. — Touch is indicated by a delicate Stackpole 


level. myny =F ee was anes ) 4 
forces Fin to disto straining a} e de- 
fi force was adjusted by the beam. The bar 


being Laggan | by to be put on it was set off on the 
scale-beam, and screw was carefully turned until, by 
its pressure on the middle of the bar, the scale-beam slowly 
rose and vibrated about the middle of its range, whic 
point was indicated bya pointer at the end of the beam, 


upon the floor. The effort had decreased to 911 lb. The 
deflection was precisely what it had been under the load of 
1233 Ib. The beam had balanced at 911 Ib. for about three 
minutes when the fracture took place. An assistant was 
sitting 15ft. or 20 ft. from the mac at the instant, but no 
one had approached the machine after the last adjustment 
of the weight. 

This is a case without parallel in the experience of the 
writer, and its conclusion indicates a possi = of de = 
ciation in resisting power of the class of metals of w 
tin has been taken as the type, which depreciation, in the _ 
sent state of our knowledge of the properties of such metals 
in this regard, it may be safest to assume to be a source of 
danger in some cases in which the load approaches the maxi- 
mum resisting power of the piece. This illustrates the case of 

awe ee of flow until the section most strained has been 

ened to the point of actual molecular oy which 

disruption would seem to have been here produced by the 

effort of other and less injured portions to resume their 

original positions, and to s hten the two halves of the 

bar. It would seem that such action should be determined 

by flow occurring in a somewhat ductile but still somewhat 
tic metal. 

The strain of this bar is seen to be nearly hyper- 
bolic ; but the = of Hooke, ut tensio sic vis, holds good, 
as usual, up toa -_ at which the load is about one-half 
the maximum. curve of times and loads exhibits the 
rate of loss of effort ‘while the bar was finally held at a 
deflection of 0.5456 in., the load being carefully and re- 
gularly reduced, as the "effort diminished, from 1233 Ib. to 


STRAIN DIAGRAMS 





At 1h. 23 m. p>. the bar broke. 

An bee | of somewhat similar behaviour, but exhibited 
by as metal of very different quality, is shown by the next 

‘a 




















Bar 596. 
75 parts zinc, 25 parts copper ; second casting, 0.985 by 
0.985 by 22 in. 
De- De- 
Load. | flection. Set. | Load. flection. Set. 
lb. in. in. || Ib. | | 
23 0.0057 ens eslotenee f fell in 5 . 
63 0.0142 ee we 0.0866 
103 0.0207 iol ese 0.0074 
143 0.0275 Mie 489 
183 0.0346 ooo ae fell in 13 h. 30 m. 
223 0.0414 seo 0.0866 
263 0.0485 ee *3 0.0092 
303 0.0549 eos 503 0.0894 
343 0.061 eee 543 0.0952 
883 0.0669 ase 583 0.1012 
423 0.073 ose 603 0.1042 
463 0.0799 ose 623 0.1075 
503 0.0866 os 643 0.1102 
3 fad 0.0014 663 0.1136 
503 0.0866 ove Broke 5 sec. after with ringing 
sound. 




















or rourn Bars or wrovucat Iron, anp Two or Copper-Zrvo ALLoYs resrep sy Transverse Stearns, 


0. 
i. 
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traversing a fine lined seale on the frame. When the ad- 
justment had become satisfactory, the deflection was read 
ly released, in order that the set 
was S then en again deflected by a heavier 

. Occasionally the bar was left thus strained, and 
a constant deflection, for a eudtinndiie period of ‘time, 

e of effort exerted by it noted at frequent 
intervals. Pte eK A A. gradually 
a to effect restoration of form 

was indicated. When the beam hed fallow the weight was 
il the beam arose and vibrated about the 
centre line again, and the weight and time were recorded. 


a 
E 
F 
f 


This was ted as the beam exhibited less and less loss of 
power of tion, and when this decrease of effort no lon- 
ger exhibited itself, ‘a new series of deflections was produced. 


The bar No. 599, which was quite ductile, exhibited an 
unchanged law of relation of arount of deflection to in- 
taaty {of deflecting pee, ont, as sae the diagra: =a, 

curve represen ii purs @ same gene 
direction after one of ** time-tests’’ as before. 

The loss of effort at 163 Ib. is seer to have been about 
20 Ib. hy mage er byt gh and the effort 


held 
333 lb. oT at a deflection of 0.0896, 
from 1233 Ib. to 1137 Ib. at a deflection of 0.5209 in. 
AA a Oo 
original resisting power, ** time-test’’ was 
the deflection amounting to 0.5456 in. and the 
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* Made and recorded in the Mechani 
the ne ee ag ical Laboratory of 
+ Made to the order of the writer, by Messrs. Brown and 
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Roseat H. TuvunsTow. 
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a 
911 Ib., at which latter figure the bar broke. The curve 
isa very smooth one. The following is the record of the 


test: 
Bar No. 599. 
90 parts zinc, 10 parts copper, 1 by 0.992 by 22 in. 





























De- | De- 

Load. | section.| Set f Toad. | fection. | Set 
Ib. in. in. || Ib. in. in. 
23 0.0033 eve 3 on 0.0246 
43 0.0078 me: 0.0896 
63 0.0127 a | Resistance fell in 15 h. 
103 | 0.0225 | ... | to 302 | 0.0896 
143 | 0.031 “o . oe 0.0876 
163 0.0347 | 403 0.1072 

Resistance fell in 15 bh. 25m 503 0.1282 

to 143 0.0347 } 603 0.1521 

8 oe 0.0039 | 8 rom 0.0336 
163 0.0891 ae | 643 0.1641 
203 0.0471 oe | 803 0.2149 
248 | 0.0544 ... || 1008 | 0.8178 
288 (| 0.0611; .. || 1103 | 0.8921 
323 0.0692 ooo | 1203 0.481 
363 0.0781 || 1233 0.5209 
403 0.0881 eco Resistance fel] in 15 m. 
a 0.0079 | 'tol137 0.5209 
0.0886 8 eco 0.2736 
Pn Aa by fell in 8 h. a0 m.|} 1137 0.5131 
to 833 0.0886 1233 0.5456 








The bar was left under strain at 11 h. 22 m., ss and 
the effort to restore itself measured, atintervals, as follows : 
Hour: 11 h. 37 m.; 11 h. 50 m. a.m.; 12 h. 2 m.; 
12h. 8 m.; => 3 m.; 12 h. 39} m.; 2 h. 53} m.: 


12h. 58} m. ; 
ar” 11 iss, i008, . 1063, 1043, 1023, 1003, 993, 
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This bar was hard, brittle, and elastic, but must ap- 
parentiy be classed with tin in its behaviour under ether 
continued or intermitted stress. 

There seems to the writer to exist a distinction, illustrated 
in these cases, between that ‘‘ flow’’ which is seen in these 
metals, and that to which has been ‘attributed the relief of 
internal stress and the elevation of the elastic limit t by 
strains and with time. 

This last phenomenon—the exaltation of the elastic limit 
by strain—has been observed very —— + ig 
in the deflection cf iron bars, by transverse The 

late exhibits the strain diagrams obtained yo transverse 
Jeflection of four bars of ordinary merchant wrought iron 
which were allcut from thesame rod. Of , two were 
tested in the machine above described, in which the deflection 
remains constant when the machine is untouched while the 
1 d —or, more properly, while the 
effort of the bar to in its o: form decreases. The 
other two were by dead oada—the load remaining 
constant while the deflection may vary when the apparatus 
is left to itself. 

These two pairs of ens were broken ; one in each 
set by adding weight be sag until the end of the test, so 
as to give as little time for elevation of elastic limits as was 
possible, and one in each set by intermittert stress, observ- 

sets, and the elevation of t the elastic limit. 


the long-known — fe cold hamm 
and wire drawing, aay 
hardening some metals ¢ en as the writer is 


believe, attributed in part to this molecular change. 
well as to simple condensation and closing fon euiies 
and pores, this exaltation of the elastic limit by distortion 
under externally applied force, has now been shown to 
occur in iron and in metals of that class in tension, torsion, 
compression, and under transverse strain 

Referring to the plate, it will be seen that there is ex- 
hibited the action in the latter case even more fully and 
er than in the record above given, and a study of 

hese typical examples cannot fail to prove both interesting 

po instructive. 
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No. 649.—Tested in Fairbanks’ Machine. TESTS OF WROUGHT-IRON BARS BY TRANSVERSE STRAIN. 
Sample 1 inch square, 28 in. long ; 22 in. between supports. 
Load. Deflection. Load. Deflection. No. 648.— Tested in Fairbanks’ Machine. 
Ib. in. Ib. in. | ) 
. 2 0.1505 De- De- De- De- 
= one _ — Load. | lection. | Set» Load. | gection,| Set: Load. | gection.| Set | Load. | gection.| Set 
’ 1500 0.1619 : . ; ; — 
405 Q O95 1520 0.1709 Ib. in. in. Ib. in. in. Ib. Ib. in. 
500 0.0519 1540 0.1804 103 | 0.0182 ee _||Resistance fell in 20 h. 50 m.|| Resistance tal in te h. 30 m.||to  38* 1.9266 
600 0.0602 1560 0.2078 2038 0.0244 eve to 1541 0.4301 ‘an to 1871 Gradually inereased strain. 
700 0.0689 1580 0.2429 Resistance fell in 13 h. 35 m. 8 . | 0.2846 3 w. | 0.8148 || to 2988" ] 2.1886 | 4. 
800 0.0787 1600a 0.2854 to 199 | 0.0244 1541 | 0.4296 nei 1911 | 0.9904 eee 2411 | 2.1516 ove 
900 0.0889 In 23 m. was 0.3629 803 | 0.0342 ove 1603 | 04346 2083 | 1.0106 ii 2491 | 2.1811 
1000 0.0982 1620 0.3704 403 0.0428 1711 0.4456 2121 1.0496 eee 2501 2.2121 see 
1100 0.1081 1640 0.3831 Resistance fell in 1 h. 30 m. 1753 | 0.4513 2131 | 1.0911 oe 3 has 1.9886 
1200 0.1171 In 6m. was 0.4404 to = 0.0428 as 1781 0. 4651 8 fed 0.9021 2501 2.2471 eee 
1300 0.1279 1660 0.4479 0.0042 || Resistance fell in 6 h. 3 m. 2181 | 1.1816 see Resistance fell in 14 h. 10 m. 
1400 0.1398 1680b 0.4599 603 | 0.0528 ove to 1661 | 0.4651 |Resistance fell in 47 h. 37 m.|| to 2295 | 2.2471 ee 
1420 0.1435 si ” 603 | 0.0619 |... 8 | ... | 0.8106 ||to 1869 | 1.1816 |... 8 | ms | S0Reh: 
1442 0.1472 2350 6.577 Resistance fell in 4 h. 1675 0.4676 in 3 eee 0.958 2295 2.2456 ose 
; to 598 | 0.0619 1787 | 0.4808 |... 1941 | 1.1358 |... 9541 | 2.2762 | ... 
803 | 9.0806 | .. sli | 0.5446 | |. 2131 | 1.1551 ‘ 2561 | 2.3102 |... 

(a) At 1600 Ib. the beam sank, instantly ran the pressure | Resistance fell in 16 h. 15 m. 8 0.3771 218L | 1.1686 i 3 38 2.0763 
screw down so as to keep the ‘beam ced for 23m.,| to 789 | 0.0806 “on 1811 | 0.6661 2201 | 1.1981 oe 2561 | 2.35 oon 
ee increase of deflection os noted. (b). At 1680, ran 903 | 0.0907 Resistance fell in 46 m. 2211 | 1.2356 ove Resistance a in 6h, 18 m. 

ressure screw rapidly but 5 piy down, moving the poise 1008 | 0.0995 to 1675 10.5661 1... 3 1.0361 || to 2369 | 2.35 ees 
slong the beam to keep it balan The beam vibrated up| Resistance fell in 6 h. 20 m. Resistance fell in 17 m. Resistance fell i in 9h, 8 add 2.1402 
and down, falling or rising instantly as the wheel was} to 987 | 0.0995 | ave to 1661 | 0.6661 to 1997 | 1.2356 os 2369 | 2.3687 ion 
turned slower or faster. The resistance reached a maximum 3 hha 8 0.408 3 én 1.1158 2661 | 2.3782 pie 
of 2350 Ib., whén the deflection was 5.577 in. | 0.1197 | re fee 0.5645 = a i 2571 | 2.3854 
te kas , we 882 in 2591 | 24287 |... 
No. 650.—Tested by Dead Loads. 1203 | 0.121 |... 1861 | 0.5886 | °.. 9231 | 1.3656 | :.. 8 | 4. | 2.1958 
| Resistance fell in 2 h. 1877 4 0.6034 eee 2237 | 1.8936 eee 2591 | 2.5044 eco 
Load. Deflection. Load. Deflection. to 1187 | 0.121 eee 1891 | 0.6626 a 8 a 1.1946 || Resistance fell in 16 h. 4 m. 
3 eve 0.0096 an 0.4938 2241 | 1.4441 ia to 2371 | 2.5044 ee 
Ib. in. Ib. in. 1203 | 0.1226 | a. 1891 0.7001 o08 Resistance fell in 13 h. 50 m. 8 eee 2.2842 
100 0.015 800 0.0858 1243 0.1266 | m= Resistance fell in 10s. to 2041 1.4441 eee 2871. | 2.6022 oe? 
200 0.0229 1200 0.1456 1283 | 0.1801 | os to 5 | sy D  sep 8 eee 1.2538 2591 | 2.5247 oes 
400 0.0425 1400 0.1749 1323 | 0.1854 | °.. fell in 6 im. 2041 | 14421 |... 2611 | 25334 | * 
600 0.0638 1500 (c) 0.2143 1363 . | 0.1421 sa to wert 1 07 a 2241 |.1.4681. ie 2681 2.6927 pi 
cael ie | He | ine [emer ono ee | de tHe | sat | aia | 28 

c) At 1626, the was not taken. Weights as to 521 se 2.653 i 
follows were rapidly ade, 4 or 5 pieces cach minute, as 1403. | 0.1522 an adie 0. — 2311 | 1.5531 see ce fell in 8 h. 2 m. 
follows : 82, 25, 42, 15, 16, 10, 15.5, 16, 25, 25, 25, 13, Resistance fell in 3 m. 1741 : 708 8 ase 1.8486 || to 2371 653 ot 
11.5, 16, 27, 62, "40. 5, 61, 45, 62—2260.5 Ib. “S bar sank | to 1387 10.1622 1... 1911 7246 ove 2811 | 1.6166 ond 3 a3 2.4227 

hich confined | Resistance fell in 2 h. 26 m. 1921 | 0.7566 igs fell in 8 h. 8m. 2371 | 2.6532 ove 
rapidly, its side pressure splitting the wood w 
mandrels. The set, measured after the bar was removed, | to 1361 | 0.1522 | 3 s | 0.6746 || to 2001 | 1.6166 | .... 2631 | 2.6833 ose 
was 2.5in. The total deflection is calculated as follows : Resistance bert in 39 b. 5m. 1921 — see 8 ve | 14181 2651 | 2.6992 ae 
the elasticity of the bar Freee an the same the increase of | t0 1829 | 0.1522 Resitance fe A 1 h. 48 m. 2091 | 1.6166 wi 2661. | 2.7807 Ra 
deflection over set is directly proportional to the load. 3 0.0246 || to 1767 | 0.7746 ws 2311 | 1.6466 Rt 8 xe 2.4987 
(This is shown by the parailetism of the elasticity lines with = 0.1461 oe 3 afta 0.6028 2341 | 1.6996 ove 2661 | 2.8324 oss 
us a’ ° . eee . ese 
the original line within the elastic limit). Thus at 8001b., a 3 : 1522 wer 8 Hed 2851 | 1.7321 Resistance fell in 61 h. 32 m. 
the set was inappreciable, deflection 0.0858 ; whence 800 : : 83 | 0.16 po me one 8 sg 1.5196 || to 2363 1 2.8324 ie 
0.0858 : : 2260 : 0.242 difference of deflection and set ; set 523 | 0.1647 4 ses 2851 | 2.0446 |... 3 oe =| 2.5024 
was 2.5, hence calculated deflection 2.742 in. 1663 | 0.1761 2001 | 0.8266 | fell in 16 h, 2363 | 2.8286 |... 
1603 0.2548 |. 8 w | 0.6451 || #02185 | 2.0446 |... 2685 | 2.8627 | «.. 
No. 651.—Tested by Dead Loads. 0.1091 2001. | 0.8498 8 we =| 1.8441 2701 | 2.871 
| ' 1608 0 287 én iim. (Resist fell in 21 b. 80 m. 2195 | 2.0481 |... 2710 | 28917 |. 
i Load. ion. Resistance fell in m. a 2.0646 tee 2 2.9297 sae 
—_ —_— | |_Deflection. | to 1467 0.287 3 0.6780 || 2391 | 20786 | °°. |... | 2.647 
Ib. in. Ib. | in. sist estes 0.1461 a os? : ove “ 2.1186 ies 2720 oon oe 
.015 . 46m. w 9245 7 ong age eee 8964 ee eli in 8 m. 
200 ore fae | 19870 1603 | 0.3016 2071 | 0.8819 |  °.. 2ait | atdon | aa. || to 2488 | 2.0602 
400 0.0489 2288 2.1386 1703 | 0.8921 és 2081: | 0.93896 ove Resistance fell in 8 h. 36 m. ||’ sh 2. 7357 
600 0.0709 In 1 12 m. was 2.9535 8 obs 0.2431 3 see 0.7576 || to 2238 | 2.1451 |... 
800 0.0918 2.9928 1703 | 0.4301 aah 2081 | 0.9886 eve Gradually reduced strain. Bar removed : test ended. 
1000 0.1141. Te 7 m. was 3.0157 
1200 0.1394 In 3 h. 37 m. was 3.0236 * Gradually reduced strain to 3lb., a number of readings ; then Lares re (or, sche to 2238 lb., taking 
1400 0.1701 2288 8.029 corresponding to former ones ; fi that increase of deflection was proportional to of load. 
oY 0.4307 2370 3.0833 ly kn the “‘ery of tin.” This sound has not 
In 8 m. was 0.450 3 0 familiarly known as the “‘cry of tin.’ 80 not | then run back till beam again balan 5Ib., 
1600 =| 0489 In 26h. rae was 3.0677 been observed hitherto, so far as the writer is aware, when | measured 0. 3022 in. The time cone fe de i ngs the ot 
In 6m. was 0.6504 2422 3.0701 a bar has been held flexed and perfectly still. In several again rose, poise on beam was pushed forward and balanced 
In 6 h. 46 m. was 0.6598 2452 8.0732 cases recently, in experiments on flexure* of metals of the | a¢ 10 lb. ; the 
time was 2 minutes. In2 peop. a 
1700 0.67 2484 8.0812 second class, bars held at a constant deflection have emitted | heam gee | at14lb. The 
In 3 m. was 0.6716 In 39h, 40 m. 4.2591 such sounds hour after hour, while taking set and losing | back till beam beam balanced at Bib. and the the wn mens rte red 
In 16h. was 0.7616 In 43 h. 20 m. 4.2591 their power of restoration of shape. 0.0298 in. The beam rose again; at 11 hours 37 minutes 
1800 0.771 2613 4.2623 During some of the experiments made, a very marked | gm. In2 minutes it balanced at 101b., in 10 minutes ye | 
1900 1.0904 2556 4.267 illustration of the decrease of set with time, which has been 16 Ib., and in 29 minutes at 231b. The beam was 
oe SD. Se. we 1200 In 4h. 20m. 4.2749 | observed and described by Professor W. A. Norton, has | balanced at 51b., set measured 0.2902 in. The beam rose 
aid. 66 mn. wan 1-988 2589 | 4.2749 —_| been noted, and the recovery of straightening power in the | in 4 minutes. In 29 minutes the beam balanced at 141b., 
2005 | 1.8787 In 48 h. was 4.6591 deflected bar has sometimes been s ly large, amount- and in 65 minutes more it balanced at 201b. The beam 
In 3h, was 1.8819 ||In 61 h. 30 m. was 4.6701 ing to nearly 30 Ib. in15 minutes. A vecord of one of these | was again balanced at 5 Ib. and the set measured 0.2845 i ine 
Por | can by Se spall —— support. | bars is : Bar No. 563. The total decrease of set in 2 hours 20 minutes was 0.3084 
‘ ‘est was en — 0.2845 in. = 
17.5 parts copper, 82.5 parts tin. 0.986 x 0.993 x 22 in. :. wy ee Then replaced 3001b., and ‘read 








The steaia-dlegrams in the plate do not present to the 
the one of the most important distinctions between 
e two classes of metals. As seen A study of these 
s, both classes, when strained by flexure, gradually 

exhibit less and less effort to restore themselves to their 


o form 

n the case ‘of the tin class, this loss of straightening 
power seems often to continue indefinitely, and, as in one 
example here illustrated, even until fracture occurs. 

With iron and the class of which that metal is typical, 
this reduction of effort becomes gradually less and less 
rapid, and finally reaches a limit after attaining which, 
the bar is found to have become strengthened, and the 
—_ limit to have become elevated. In this respect, the 
two classes are affected by time of strain, in precisely 
opposite ways. 

he plate exhibits, even better than the record, the 
superior ultimate resistance of the bars which have been 
intermittently strained, as well as the elevation of the elastic 
limit. This parallelism of the “ elasticity lines’’ ob- 
tained in taking sets, shows that the modulus of elasticity 
’ is unaffected by the causes of elevation of the elastic limit. 

Evidence appealing directly to the senses has been ~ 
sented in the course of experiment on the sezond class of 
metals, of the intra-molecular flow. When a bar of tin is 
bent, it emits while bending the peculiar crackling sound, 














De- De- 

Load. flection. Set. Load. flection. Set. 
Ib. in. in. Ib. in. in. 
10 0.0027 200 0.1798 eo 
20 0.007 240 0.2503 eee 
40 0.0153 280 0.8762 ee 
60 0.0256 a 800 0.4597 ja 
80 0.0365 sia 5 sg 0.3084 

100 0.0499 Si Set decreased in 

5 ose 0.0092 2 hr. 20 m. to 0.2845 

140 0.0804 ion 800 0.5332 

180 0.1343 a 310 ‘| Bar broke in putting 

200 0.1666 bei oy on strain. 

5 nt 0.0821 

















After 300 Ib. had been placed on the bar, and the senting 
taken, the screw was run back till the beam just balan 
at 5lb., the pressure block attached to the screw just 
barely touching the bar. The set was then read, as above, 
0.3084 in., the to slowly rising. The pressure screw was 


* Meade in the mechanical — of the Stevens 








Institute of Technology. 


deflection 0.5332 in.; increased the pressure, but the bar 
broke before 310 1b. was reached. 








mpiled for e line from St, John's to Bt. George'e Bey, 
com or a line from ohn’s 

Wouleniinad: The estimates of quantities and cost ran . 
of course be taken, however, as only a) proximate, as the 


data have only been obtained from a pre ey explore 
tion. Mr. ord Fleming considers at the same time 
that the survey made has blished the mn ~~ there - 
are no serious difficulties in the way, an 

may be constructed from one side of Newfoundland to the 
other ata moderate cost. 


A VinGINIAN RaILRoaD.—The Straight Shoot Railroad 
Company of Vi has concluded a contract for the com- 
pletion ¢ of its entire line from Richmond to Lynchburg and 
its connexion with the Chesa e and Ohio Railroad at 
Clifton Forge within the next three years. The road is 
about 200 miles long, and it will om y the valley of the 
James River for its entire length e contractors will be 
paid to the extent of foe ate in sock and bonds of the 
company. It is claimed for the new line that it will pro- 
vide a fresh outlet for the coalfields of West Virginia ; it is 
also contended that the iron belt traversed by it is hea 
richest and most extensive, east of the State of 
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METALS. 
z 


Brass (per ib.) 
Sheets,48 x 24 .......++ 
Y MOA] ..cccecerseerrs 


my > TYNE AND Siam, 


DATS scocoovocceceesoeres 
AUSErALIAD ,, ,...00.ssseeeeeree 
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[nom Ones ton 
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ton)— 
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» (orth Wales) .., 


Beotch Pig— 
G.m.d., at Glasgow... 
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eee reereececeneee® 
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Carnbroe iceiees sessile K 
Clyde..... 

Govan, at Broomiclaw... 
Calder, at Port Dundas... 
Glengarnock, at Ar- 
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Dal ditto 
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—* LAIRD sevcreseeses 
t Bo'n0ss.......0 


(The above all deliverab: 


Nore Sat eas = 
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eeeeeereeeee 
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pyiates..... 
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Welsh rt, aw. een saneee 
» boiler plates, ow. 
» hoops, 8.W. 
Leap _ 
Soft 
other brands....... 
PHosPHoR Baonze— 
(per ton) seeeeeeces 
Quickarvan (per ‘pottle) 


P 
Old : ls for re-manu- 
facture 


os 
cooVucouccdonoo~ 


se 0eeeeee 


eee een eee eeneee connec 


Old steel BOTAP.......ceerc 00 
SPRLTER (per ton)— 
Silesian, ordinary ......... 


SS. . (per -# 


BTes. (per ton)— 
Best cast 
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ae neneea concen 
eee eens 
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ene eee ree eee 
PTT) “9 


n 
Swavise non (F.d.b,) at 
Gottenburg— 


Pig nen eeeees eee eeeeeeenenenens ne’ 


a eoqaanneo 


a*eccocoo™ 
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a 
© S32 OS Se wow ow mam 
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eon eoroecocc0ac™ cooasccecoe 
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Swepisn [ron—Continued. 68. 
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oe 
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AUBtrAlIOM.....ccseseecssseeeee 


Trim PLATES (per box)-- 
x > 


” 


ZiNO (per ton)— 
Sheets, English ..... esceeee 


Wing, Fencing 
% Telegraph (galvan'sd) 


COALS AND CO 


| pene «ue enpéee coos 





| ay and Durham... 
Scotch 





Staffordshire ..,.... 


wacbesee 


3? 
eco O32 Saemw Oo 


9 


Fine Wer. pons cvonecees 
Prréi Sn, por row 
Archangil a eos 
Ceylon ae quent 





TURPENTINE 
American ( ) ccocceces 
WIPINGS, ONGING ........0000008 


CHEMICALS, &e 


ACID8— 
Aquafortis (per ID.) ..... 

3 phuric acid (per ib.) 

Sulphuric acid, brown .. 
AM™MoNIA — Muriate (per 

COM)....00reecrecsereeseeeeecesors 
ARSENIO— 

White, lump (per cwt.) ... 

Powdered (percwt.) .. 
BLEACHING powder percwt. 
Borax—refined (per ewt.) 
BRIMSTONB (per ton)— 

Rough . 


S2hPoooF? 


— 
cheno 


LBAD, SaLTs, &0., (per cwt.)— 
Acetate, bes t 37 
Brown 
White 

L(?HARGE (pe 

———— er 


TINCAL (Bengal).....ccccseeee 


eecoceno con 


f ecco 


- 
ou 


ea coceoec oe ooPA uw 


Seecooaono0ere © 0 


eo 


oS FoomoPMoF oon 


12 
19 
10 
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12 
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It 
it 
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12 
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=SUPRPooo, 
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3S ew by 
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ecooancemooPF 


° 
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8. 
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ue 
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©COan om ooPoooees 


eon ooeaocoooe 


aoS FocooPoronnn 


° 





TIMBER, = ng &e. 


best 
sorts, yell.and white... 13 
Norway - other 


sorts 
Norwa 
Swedish deals 3rd . 
— deals, infe’ 
d 4th .., 7? oe sneegenes 
(Batiene 3 jess than 
Finland deals 1st .....000 I 10 
9g 10 
” 7 10 
” H.8. battens... 7 © 
AMERICAN DEALS— 
Cane lst ee pine. ao 88 © 
” » o 12 = 


ira 
Floated pine 40s., 20s., “sad ws 10s., 


2nd, and 3rd, "respectively. 


Canadian spruce, Ist... 10 © 
" e 2nd ... 
ard . 
New "Brunsivick spruce... és 
Ditto battens . 
N.8. & P. E. Is 
U.S. pitch pine 


AMERICAN TIMBER—(perload) 
Red pine (mixed and 
building, 
Do. for yards and spars 
Yellow pine, large ..... eoee 
Ditto waney board ..... 
Ditto small 


Ash. 

Birch, Quebec large .. power 

Masts, red pine 21+... 
a a 


3 3 
eet et ee ee 


Indian — -_ 

British Guiana’ green- 
OAT ncerocrsccecssceseree 

Australian ironbar 


5 ~<a (per load) 
Dantzicand | Memel crown 
» ist mid 


aw 


enecee 


we a va 





and “Herway 


FLOoRIne Boanes on 8q. 


of rit yelow 


Second ‘euntilicg 


£8. 4. 


8% 00 
1410 © 
10 © 
10 © 
10 © 


1 


less for lst, 


elPeecaoooF occ coooe 


- 


©COSCSOCOOMNCOS OO 


- 
ececcocooocooooeoo 


“~ 
=O © O GYMuam oMawveseuununes 


- 
eco 
co 


se + US 
” 


ween 


13.0 
° 13 0 


The above prices Wat “the Docks. az 


LIVERPOOL. 


WHOLESALE Prices 4 TIMBER, DEALS, &0. 
From British NoRTH AmEnICcA. 


Pine TIMBER (per cubic 


co Coot 


eoooocedo 


Masts, Quebec Ist. yellow 
DEALS AND BATTENS (per 
Petersburg standard) 
Quebec yellow pine, Ist... 20 


ve oun 


wea 0 Coons se Sw 


wo nao & 


- ~ 
Can wounows 


ou 
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Quebec yellow pine, 2nd 13 5 © 


g 10 © 


1g 0 
10 § 


4 10 
70° 


: 412 
Ditho, other ports, 7 10 
St. John mixed pine ecence 

712 I 


. ° 
” eeeeeee 6 15 5 


Bd 5 


F2oM THE United States, EAST AND WEST 


INDIES, AND AFBIOA. 
(Per ome foot, string 
easure) 
Pitch yaa, —_ Seecenses 
United States os oak logs... 
(Per load calliper measure 
Se - a = 11 
7.0 
1 


cook 


cova 


Demerara Morra.... _— Ga 
Bullet tree (per foot)...... © 


Peres. aban BALT10, &0. 
erc measure) 
Fir timber, Riga red.,..... 
Fire timber, Dantzic and 
Memel crown . 
Ditto, tsa other kinds 
Stettin 
Swedish 





NOPWAY....0:seereesrereesesses 


Wainscot (Logs calliper 
measure) 
Riga, &c., crown... 
Ditto brack cove 
Oak timber, “Dantzic 
(string measure) 
Pit props per lineal yard 
DEALS, &c.— 
. (Per Petersburg standard) 


Gothenburg ,., 12 © o 
Meme! ........ 
8 


eSonococcoce 
© ecccoccco 


MAEM cishiattinantned 13 0 © 


MAHOGANY, &c. (per foot 1 in.) 
City St. Domingo .,.,..... © 
Ouba aneccencopeeseeeseecesesees =O 


ee 


BAabicu ccorsseccvcecescverccsssese © 
Uedar, Havana, &o 
Sleepers, 


+ seeseesce O 


Pine 
= Hemlock : 


” Fir eevevereesepennees 


Brew oocd 


eooo 
eSeesr ooo 


coco 
Cceon wu 





eCqoso0c00n 
ve yeeros 


* ash ... 
St. John’s birch , 
Pith pine, hewn 


wer olsebane standard). 
t Arch. cobang felt ee : 10 


cecoeoecoeseoaoo “unworo~ 


Charge for labour 2s. per standard for deals, 
and Is. 6d. per load for timber. 


WISBEAOH. 
(Per Petersburg standard.) 
Memel Fay red deals,........ 12 § 


11 
Gefle ora red ‘deals. 12 i 
Gothenbrg. 7 red deals... 


13 § 

«12 0 

Petersburg 1st red deals .. -18 § 

” ” ” battens 16 1§ 

” » White deals 11 10 

” » batts ro 1§ 
"Free On railway trucks. 


onownoowe 


eoacd Qee* 


ecoococe 


Ll ilematobe ©ceoa0oe 


PJ 


ecooann0e0ad 
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THE END OF THE TWENTY-SECOND VOLUME. 














